Bulletin
of the

Torrey Botanical Club

FouNDED BY WIL

John Hendley Barnhart
Albert Francis Blakeslee
Cornelia Lee Carey
Frank Earl Denny
Alexander William Evans

VoLuME 60

Editor
Bernard O. Dodge

Associate Editors

Henry Allan Gleason
Arthur Harmount Graves
Alfred Gundersen
George Tracy Hastings
Tracy Elliot Hazen
Marshall Avery Howe

New YORK

1933

Published for the Club

11aM HENRY LEGGETT 187

Louis Otto Kunkel
WMichael Levine

Arlow Burdette Stout
Sam F. Trelease
William H. Weston, Jt.

GEORGE BANTA PUBLISHING COMPANY

Menasha, Wisconsin




Tertiary pollen—II
The oil shales of the Eocene Green River formation

R. P. Wopzruouse

(WITH 56 TEXT FIGURES)

The Green River oil shales of Colorado and Utah are believed to have
been deposited in shallow lakes, The conditions under which the deposition
took place were such that the pollens which fell upon the surfaces of these
waters and sank to the bottom, became permanently imbedded in a trans-
Iucent gelatinous organic matrix, which later became oil shale, and in
which they may be observed today just as they fell, though this took place
probably about forty million years ago.

Thus the oil shales hold an ancient pollen record of the same kind as
that which forms a part of all pollen surveys today. In pollen surveys
microscope slides bearing some transparent adhesive substance, such as
glycerine jelly, are exposed out of doors, and every day they are examined
and the pollen grains which are caught by the adhesive are identified and
counted. In this way the different kinds of pollen floating in the atmosphere
of the locality are learned and a record is kept of their abundance from day
to day. In the Iollowing pages are presented identifications of some of the
pollen that floated in the atmosphere and was caught by the Green River
lakes in Middle Eocene time,

There are literally thousands of pollen grains in the shales. F requently
they are packed so thickly that they overlap each other making observa-
tion difficult. They are far too numerous to permit a complete count of the
different species. In the present work only those identifications are re~
corded which I feel are reasohably certain and close as to the family. These
constitute only a relatively small proportion (possibly less than one-third)
of the identifiable pollen. The remainder will have to await a considerable
extension of our knowledge of pollen morphology. No attempt was made
to count the grains of the species which were identified, this is a subject
reserved for later study, but in describing each species some note is gen-
erally made of my impression of its relative abundance.

In many cases where pollen was identified as belonging to a genus which
is already represented in the Green River flora, there is a temptation to
refer the pollen to the previously recorded species of that genus. This, of
course, cannot be done until the pollen is found in organic connection with
the plant to which it belongs. As far as I know this has never been done
for pollen from Tertiary deposits, though the reverse is true of much more
ancient formations. In fact, most of the known Paleozoic pollen has been
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a short discussion of their pollen content, in his report on the origin and

- microfossils of the o] shales (16). In fact, the present paper is an extension
of the pollen work initiated there.

The material from which these slides were prepared came from the up-

world, and that capable workers will he attracted to study and to portray
the pollen forms, as has been done with other plant structures. Unti] this
gap is filled, the fossil-pollen botanist must build up and interpret his own
reference collectiong to meet his needs a5 the work of identification pro-
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gresses, and the degree of reliability of his identifications will depend
largely upon the extent of his collections and his understanding of them.

In the present work I had at my disposal a nucleus collection of two
or three thousand slides, prepared and studied by myself, including species
of practically all the wind pollinated genera of North America, and many
from various other countries. As the work of identification progressed, I
added to my collection the pollen of living representatives of the Green
River flora (Wodehouse, 46). This was later extended by the addition of
pollen of the majority of the living representatives of the entire Eocene
flora. My own estimate of the probability of the correctness of the identifi-
cations is generally included with the description of each species.

Fossil pollen has been reported from time to time for many years and
from most of the geological formations where records of spermatophytes
are found. For the most part such reports have been only casual mention
of pollen found in connection with other paleobotanical studies. More re-
cently, however, it has become generally known that pollen has been pre-
served in enormous quantities in post-glacial, and inter-glacial peats, and
many such deposits have been intensively studied, particularly in Europe.
It is found that the pollen in such peats can be identified with a fair degree
of certainty, and from a study of the incidence and distribution of the dif-
ferent kinds in time and space there has been obtained much valuable in-
formation regarding the history of the vegetation and climatic conditions
in various parts of the world since the Pleistocene glaciation. Though
scores of investigators are now working on Recent deposits, only very few
have devoted themselves to earlier deposits of similar kind. One of these
is Robert Potonié (38, 39, 40, 41). He has described many different kinds
of pollen from European Eocene and Miocene brown coals. Some of the
pollen species he has found possible to refer to living genera, but the ma-
jority are described and illustrated without attempting their identifica-
tion, for, it is pointed out, even thesc records, without a knowledge of the
identity of the pollen, are valuable in characterizing the brown coals in
such a way that they may be recognized by microscopic examination.
Potonié says, however, that both wind-borne and insect-carried pollen are
found in the coals; though the former might have been blown in from dis-
tances, the latter, such as the pollen of the Ericaceae which is found in
considerable quantity, must have originated 7 sifu. In some of the Moors
of localities similar to those where the coals were obtained, species of the
Ericaceae are growing, and Ericaceous pollen is found in the top layers of
the peat. Presumably, therefore, conditions were about the same when the
Tertiary brown coals were laid down, as now.
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A work similar to that of Potonié is being conducted by Kirchheimer
(24, 25). He has described and illustrated many species of pollen from
Eocene brown coals and has succeeded in arranging them according to a
system modified from the classification of Fischer (23), and some of the
fossil pollen he has identified as that of living genera. Apart from these
studies I do not know of any other reports on the pollen of Tertiary de-
posits. '

In the work of these and earlier investigators pollen species are always
designated as Pollenites or Pollinites followed by the specific name pro-
posed by the author and preceded by the generic name when this is known
or suspected. The use of the world Pollinites has the value of pointing out
the fact that the object so designated is a fossil pollen grain, but it is with-
out other significance because, designating all pollen, it becomes universal
and designates nothing, and its monotonous repetition takes up space to
no purpose other than to tell that the fossil, which we already know to be
a pollen grain, is a fossil pollen grain. Consequently I propose, and have
here adopted, the following system of nomenclature. The word Pollinites
is retained for its slight value in indicating the general nature of the object
under consideration, but it is contracted to ‘-pifes’ and used as a suffix
applied to the specific designation if the genus of the pollen species is
known with the normal degree of accuracy, otherwise, toits generic des-
ignation. Thus a grain which is certainly that of Pinus, and which re-
sembles most closely that of the living Pinus Strobus, is called Pinus stro-
bipites. And the pollen of Ephedra, which is the first record of the genus
in the Eocene in America, may be called Ephedra eocenipites. But, if the
genus is not accurately or certainly known, the termination -pifes’ is ap-
plied to the generic designation of the fossil grain instead of to its specific
designation. Thus a grain which is known to belong to the Ericaceae, but
the genus of which cannot be determined, is called Ericipites longisulcatus,
for example, the specific name having reference to the length of its furrows.
And a grain that matches the living species of Smilax but also matches
almost equally well those of some other genera is called Smilacipites mol-
loides, for example, its specific designation referring to its further resem-
blance to the grains of the living Smilax moliis. If at some later date any
of those genera which bear the termination ‘-pifes’ should become more
closely defined or proved to be accurately determined, the termination
may then be transferred to the specific names. The advantages of this
system are that complete freedom is allowed in the use of descriptive ad-
jectives as specific names without the introduction of trinomials, some idea
is conveyed of the closeness or reliability of the determination, and always
is shown the fact that the determination is based on a fossil pollen grain.
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Some of the species described here appear to be very similar to some
of those described by Pontonié and Kirchheimer and indeed may be the
same, but for none was I able to prove this entirely to my satisfaction,
consequently I have described them all as new. The descriptions are al-
ways based upon as many grains as were found suitable for detailed ex-
amination, but only a single one is chosen as the type, selected either be-
cause I regarded it as most typical or because it seemed to show the char-
acters to the best advantage.

The slides upon which the descriptions are based will be permanently
lodged with the U. S. Geological Survey, and in order that other pollen
specimens may be compared with those described here, the locations of
the holotypes among the slides are indicated after each description by
three numbers. The first number designates the slide, the second the ordi-
nate and the third the abscissa reading of the stage micrometer. The stage
used was made by Carl Zeiss, known as ‘mechanical stage E,” and the divi-
sions of the scale are in millimeters and tenths. If the same type of stage
is used and properly centered all of the holotype readings may be readily
picked up. In order to facilitate finding the holotypes when other kinds of
stages are used, I have supplied a reference point on each of the slides indi-
cated by a conspicuous cross (+). The readings of these are as follows:
3-15.2-54.2; 4-9.7-48.9; 5-20.8-53.9; 6-11.1-48.8; 8-9.5-50.6; 17-13.9~
51.0; 36-24.0-73.1; 25/6-14.9-62.7; 25/8-19.5-55.2.

If these readings are compared with the readings for the same points
using any other mechanical stage and the numerical differences added to or
subtracted from the readings of the holotype, the latter may be found with
any microscope which has a mechanical stage providing its micrometer
scales are divided into millimeters.

CYCADACEAE
Cycadopites gen. nov.
Essentially as in living species of Cycas, but larger. Ellipsoidal, about
twice as long as broad, 25-45u long; provided with a single longitudinal fur-
row, reaching almost from end to end and always gaping open at its ends, even

when tightly closed in the middle. Exine thin but firm, of various texture but
generally quite smooth.

In the oil shales are a great many grains of this description. These
occur in various conditions of collapse which can be matched among the
grains of species of Cycas and Zamia. That they belong to the Cycadaceae
seems tolerably certain, but I have made no attempt to distinguish the
different genera and species from each other for this is rarely possible even
with living material.
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Three grains are figured (figs. 1, 2, 3), but since they possess no differ-
entiating characters, except possibly that of size, they are shown here prin-
cipally as examples of the various forms of collapse that such grains un-
dergo.

Dioonipites gen. nov.

Spherical or more or less invaginated on one side, 28.5~34.2, in diameter.
Exine rather thick, minutely pitted and of uniform thickness throughout, pre-
senting a radially striate appearance in optical section.

The position of this genus among the Cycadaceae is not certain. Five
specimens were found. Three are quite spherical and without any sugges-
tion of a germinal furrow, one has a slight indentation (fig. 4) while the
fifth is flattened on one side with a well developed rim which suggests
that in life it had a deep furrow (fig. 5). These can be matched in form per-
fectly with grains of Dioon spinulosum, and the latter range in size from
26-29.5u in diameter. The grains of Dioon are exceptional among those
of the Cycads in two important respects; their whole surface, including the
furrow floor, is finely pitted, and when moistened the evagination of the
‘furrow may be so complete that the grain becomes almost perfectly spheri-
cal, showing little or no suggestion of its former furrow. In the pollen of
Dioon spinulosum which I have examined, grains occur in the three con-
ditions which are represented by the fossil specimens.

The grains of the Araucarineae also bear a marked resemblance to these
in form so that there is a possibility that they may belong to that group,
but those of the only two species available for comparison, one species of
Araucaria and one of Agathis, are 41-91y in diameter, much too large to
compare with those of the present species.

CONIFERAE
ABIETINEAE

Wherever fossil pollen grains are found those of the Abietineae are
generally the most conspicuous and often the most numerous. They have
been recorded in the earliest of the Lower Cretaceous floras known from
Europe, of the Wealden age, by Graf. Solms-Laubach in his Pytisporites
sp. from Franz Joseph Land, and by Nathorst in his Pytisporites sp. from
Scania. And all through the paleobotanical literature of succeeding ages

the scattered references to pollen grains that are encountered from time to
 time generally are concerned with the large and conspicuous winged grains
of the Abietineae.

Though it is the winged grains of the Abietineae that have been ob-
served most frequently, not all of the Abietineae have winged grains. As a
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matter of fact, on the basis of their pollen morphology the Abietineae may
be divided into two groups, the winged-grained and the wingless-grained.
To the former belong Pinus, Picea, Abies, Cedrus and Pseudolarix ; to the
latter belong T'suga, Larix, and Pseudotsuga. The pollen grains of these two
classes are remarkably distinct and there are no intermediate forms among
living species.

The grains of the winged-grained group are characterized by the pos-
session of two large and conspicuous air-filled bladders (fig. 7), one on

3

1,2

Figs. 1-3, Cycadopites. Pollen grains probably of various Cycads, fig. 1, pollen,
45u long, fig. 2, 264 long, fig. 3, 374 long; figs. 4, 5, Dioonipites, fig. 4, 30.4, fig. 5, 334
in diameter, fig. 6, optical section, diagrammatic, of a grain of Pinus; fig. 7, Pinus stro-
bipites seen from the ventral side ; fig. 8, Pinus scopulipites, end view.

All figures were drawn from studies made at a magnification of 900, using a Zeiss 3
mm. apochromatic objective, N. A. 1.4, and paired 15 X binocular eyepieces. Measure-
ments, excepting those of very large grains, were made at a magnification of 1800,
using a 2 mm. apochromatic objective, N. A. 1.3, and a 20 x eyepiece. The sizes of
the drawings are chosen to best display the characters of the grains and do not bear a
constant relation to their dimensions,

each side of the germinal furrow. On this account such a grain possesses
bilatical symmetry, and dorsal and ventral sides are differentiated. The
ventral (the lower in fig. 6) bears the single germinal furrow (g.f. fig. 6),
which extends from end to end of the grain, vertically to the plane of the
diagram. It is not sharply defined, consisting merely of a longitudinal strip
of thin flexible exine between the two bladders (bl) which flank it on either
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side. The bladders are large balloon-like structures which, when the grains
are moist and expanded, stand out wing-fashion; hence they are sometimes
called wings. They are attached along the margin of the furrow by their
ventral roots (vr) and above by their dorsal roots (dr). The dorsal surface
of the grain is covered with a layer of very thick and more or less rigid
exine, the cap (cp) or disc. The texture of this is peculiar and highly dis-
tinctive. It has the appearance of being composed of two or more sub-
stances twisted and rolled together, and towards the margin of the cap
it is thrown into upstanding convolutions which surround the cap more
or less completely as a frill-like projecting rim, the marginal crest (mc).
Immediately below the marginal crest the exine of the cap merges into
the dorsal roots of the bladders which are morphologically only tangential
splits in the thickened exine. In the bladders the curious convolutions of
the texture of the cap are carried by the outer wall and are thrown into
inwardly projecting ridges, the internal thickenings (it) which lend a stif-
fening effect to the outer walls of the bladders. When such a grain dries
and shrinks the furrow is drawn inwards and upwards, a movement which
causes the bladders to become closely appressed to each other forming an
effective closure for the furrow, the protection of which is their obvious
function.

The grains of the living species of the winged-grained Abietineae bear
a remarkably close resemblance to one another, differing principally in
their size, the relative size and shape of their bladders, and such less con-
spicuous characters as the thickness and roughness of the exine of the cap
and the degree of development of its marginal crest. In size the grains of
the living species which I have observed of Pinus, Pseudolarixz and Cedrus
range from 48 to 64x in diameter, exclusive of the bladders, while those of
Picea range from 68 to 85u, and those of Abies 85-109u. Measurements of
these grains must always be made exclusive of the bladders because the
condition of the grain (i.e. the degree of its expansion) at the time of its
observation determines the width of separation of its bladders. The grains
of Pinus and Pseudolarix are further characterized by the shape of their
bladders which tend to be globular and do not become concaved, or only
slightly so, on their proximal surfaces when they are dried and contracted,
while the bladders of the grains of Cedrus, Picea and Abies may become
decidedly concave as the grains contract.

The grains of the WINGLESS-GRAINED ABIETINEAR cannot be so gener-
ally characterized, those of each genus presenting its own peculiar char-
acteristics. Accordingly their further discussion is deferred to the consider-
ation of the various genera.

In the Green River oil shales the grains of the WINGED-GRAINED
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ABIETINEAE are the most conspicuous elements, and their preservation is
almost perfect. On the basis of their size they fall into three groups, appar-
ently representing the three genera Pinus, Picea and Abies, and a single
specimen which conforms more closely to the pollen of Cedrus.

Pinus

The numerous grains of the smaller size group (viz. 48-654), which
are undoubtedly those of Pinus, show a rather wide variation in their in-
dividual sizes and the degree of development of their marginal crests (figs.

~9). So much is this so that it is certain that these grains represent more
than a single species. On the basis of their size alone they fall into three
classes. Accordingly these are provisionally regarded as species. Moreover
it is quite possible that each of these provisional species represents more
than a single natural species because the grains of different living species
of Pinus are frequently virtually identical in size as well as in their other
characters.

Fossil grains of Pinus occur almost wherever fossil pollen is found.
They have been recorded from European Eocene and Miocene brown coals
(24, 41), and their existence in the Green River shales has already been
pointed out (16). Here they occur in enormous numbers ; they are the most
numerous of all the conifers and among the most numerous pollen grains
of any kind. Yet no species of pine is otherwise represented in the Green
River flora. Pines are known to have existed since Cretaceous times, and
throughout the Tertiary were rather widespread, yet they are not nearly
so well represented in the known fossil record as some other conifers such
as Taxodium, Tumion and Sequoia. The pollen record of the oil shales
suggests that this disparity between the abundance of the fossil pollen
and other records of the trees is due to the fact that the pines were upland
species not favorably situated for fossilization except through their pollen.

Pinus strobipites sp. nov. (fig. 7). Grains essentially the same as those of
the living Pinus Strobus, measured across the disc, exclusive of the bladders,
47.9-52u. Marginal rim marked by a slightly roughened thickening of varying
extent, Bladders about 43-46y in diameter, generally inclined to be globular,
but their size, shape, and position, relative to the body of the grain, depending
largely upon the degree of its expansion. H olotype: 36-20.0~61.5.

These grains are exceedingly abundant in the shales and very uniform,
possibly all representing a single species which may have been the same as,
or closely related to Pinus Strobus, though, as far as the evidence of its
grains indicates, it might have been just as closely related to P. nigra or
P. aitenuata. '
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Pinus scopulipites sp. nov. (fig. 8). Grains essentially like those of the
living P. scopulorum, differing only in the slightly lesser development of
the marginal crest, 54-60u in diameter. Holotype: 6-11.25-62.5.

These grains are somewhat less numerous in the shales, than the pre-
ceding species. Eight perfectly preserved specimens were examined in de-
tail, and many, less favorably preserved, were observed. One of the out-
standing characters, other than that of size, which seems to distinguish
this species from the preceding, is the superior development of the marginal
crest.

Pinus tuberculipites sp. nov. (fig. 9). Grains essentially like those of P.
tuberculata, 64-65u in diameter. Cap approximately circular or squarish in
outline, marginal crest well developed, particularly in the regions above the
ends of the furrows. Holotype: §-13.4-59.2.

Six well preserved specimens were observed. These are all alike ex-
cept for the size and shape of their bladders; in one specimen they are
relatively large and puffy, while in another they are smaller than is usual
with grains of Pinus. It is likely, therefore, that the different specimens
brought together under the present name represent two or three natural
species.

Picea

The grains of the living species of Picea are similar to those of Pinus,
except for their larger size. The three species which I have examined range
from 63-86u in diameter, exclusive of the bladders. The bladders also
have a tendency to be flattened dorsiventrally, giving them a pointed ap-
pearance when the grain is observed in end view, and as they are pressed
together upon drying they may even become concaved over the whole of
their proximal surfaces.

Picea grandivescipites sp. nov. As in the generic description (fig. 10).

These are much less numerous than grains of Pinus. I was able to find
only six specimens that were in a satisfactory state of preservation; they
are not all alike and certainly do not all belong to the same natural spe-
cies, for the smallest measures 70p in diameter and the largest 85u. In
four of the specimens the bladders are large and puffy, resembling those
of the grains of Pinus, while in the other two they are smaller and greatly
compressed dorsiventrally. These differences in the forms of the bladders,
however, are not reliable criteria, and without a larger number of speci-
mens, can have little diagnostic value. They are less significant than the
variation in size which alone suggests that the six specimens represent two
or three natural species. Holotype: 4-6.4-704.
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Picea is represented in the Green River formation by the single species
Picea pinifructus R. W. Brn. based on a winged seed. Recognizable fossils
of Picea are extremely rare throughout the Tertiary formations, but this
is probably due to the fact that the trees grew in environments mostly un-
favorable to fossilization. Their pollen in the oil shales suggests that they
were rather abundant. Picea-pollenites alatus Pot. is described from Mio-
cene brown coals of Europe.

Abies

The pollen grains of the living species of Abies differ from those of the
other winged-grained Abietineae in their larger size. The two living spe-
cies which I have examined measure about 95 and 107x in diameter respec-
tively, exclusive of the bladders, and both are characterized by the propor-
tionately much smaller size and more globular shape of their bladders than
the grains of either Pinus or Picea.

Fig. 9, Pinus tuberculipites, dorsal view; fig. 10, Picea grandivescipiles, end view;
fig. 11, Abies sp.; fig. 12, Abies concoloripites, seen ventrally and from one end; fig. 13,
Cedripites eocenicus, seen ventrally and from one end; fig. 14, T'suga viridi-fluminipites.

Six specimens which appear to belong to this genus were found in the
oil shales. Only the two described below and which are apparently both
of the same species, however, could be closely matched with any living
species. Of the other four specimens two measure 104p in diameter; in
one of these the bladders are expanded, in the other they are closely ap-
pressed against the ventral face of the grain (fig. 11). Another grain meas-
ures 143y in diameter and has bladders large and puffy similar to those of
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the grains of Pinus. Another measures 140y in diameter and has only rudi-
mentary bladders. This latter specimen is too poorly preserved to warrant
describing it in detail, but its large size, in association with exceedingly
weakly developed bladders, suggests that it may represent a primitive
member of the Abietineae of a type that is now extinct. These four speci-
mens probably represent four natural species, which either belong to the
genus A4bies or to a closely related genus which no longer exists.

Fossil firs have not heretofore been recorded from the Green River
formation and are of extremely rare occurrence in the Tertiary. The pres-
ence of these grains, though relatively few, indicates that firs must have
been fairly abundant during the Green River epoch for the size of their
grains is certainly large enough to seriously impede their dispersal by wind,
and would therefore, be expected to greatly reduce their representation
in the shales.

Abies concolipites sp. nov. (fig. 12). Grains about 90~110x in diameter,
corresponding in almost all observable characters to those of Abies concolor.
Body of the grain, in its expanded condition, ellipsoidal or nearly spheroidal in
form, bearing two nearly globular bladders. Exine of the cap rather thick and
finely granular, its texture passing abruptly into the smooth texture of the

ventral surface, but with no suggestion of a marginal crest. Holotype:
§-13.6-59.5.

Only two grains of this species were found, but they are in an excellent
state of preservation, and I feel that their identification with Abies is
certain.

Cedripites gen. nov.

Essentially like the grains of Cedrus Libani, similar to those of Pinus,
measuring about 51-56u in diameter, exclusive of the bladders, but distin-
guished from the grains of Pinus by their proportionately larger bladders
which are decidedly concave on their proximal faces, so that if not fully turgid,
they have the appearance of closing about the grain somewhat like the two
sides of an overcoat, that is too large for the wearer, drawn loosely about the
body.

Among the Green River shales was found a single specimen answering
this description. The identification of this with the genus Cedrus, is of
course only problematical, though its peculiar form is not shared with the
grain of any other member of the winged-grained Abietineae.

Cedripites eocenicus sp. nov. (fig. 13). Cap 46p in diameter. Exine rather
thick, finely reticulate-granular. Bladders large and flaccid, loosely enveloping
the ventral surface of the grain. Holotype: 8~7.1-65.6.
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Cedrus has not been previously recorded from the Green River forma-
tion, nor, as far as I am aware, anywhere in Tertiary deposits. It is, how-
ever, known to occur in the Lower Cretaceous of Maryland and its present
distribution in Central Asia and North Africa suggests that, like many
other Asiatic trees, it may have been one of the American groups that were
driven out by the Pleistocene glaciation but was never able to return.

Tsuga viridi-fluminipites sp. nov. (fig. 14). Apparently nearly spherical in
life, 78u in diameter, though in the single specimen found it is flattened in the
plane of the section. The entire visible surface of the exine is thick and rather
uniformly deeply convolute, giving it a coarsely pebbled appearance. Furrow
and bladders entirely lacking. Holotype: 6-17.7-64.0.

The size of the grain and the characterofits convolutions correspond
exactly with the grains of T'suge canadensis. If it could be proved that the
lower surface of this grain is similar to the upper—and there is no reason
to suppose that it is not—its identification with Tsuga would be practically
certain. Lacking a knowledge of the under side, however, this specimen
might be confused with some fern spore which has a triradiate crest on
one side, or with some one-furrowed grain of the Abietineae.

Tsuga has not before been recorded from the Green River formation,
nor elsewhere in the Eocene. It does, however, occur in the Miocene Latah
formation (9). And its present distribution through temperate North
America, Japan, central and southwestern China and the Himalayas sug-
gests that it was probably present in America during the Green River
epoch.

Abietipites gen. nov.

Intermediate in form between the grains of Pinus and Tsuga, pro-
vided with a single clearly defined furrow, and a single weakly developed blad-
der encircling the grain.

This genus is provisionally established to receive species of pollen which
appear to belong to the winged-grained Abietineae but do not correspond
to any living genus.

Abietipites antiquus sp. nov. (figs. 15, 16). Grains in life apparently lens-
shaped or spheroidal, though such is a deduction rather than a statement of
fact for the two specimens upon which this description is based are greatly
flattened dorsiventrally. Exine of the dorsal surface crinkly granular, exactly
like that of Pinus, towards the margin of the cap becoming loose in structure
and somewhat puffy, and extending beyond the body of the grain as a frill
which completely encircles its perimeter. This marginal frill merges with the
exine of the ventral surface which is of a loose structure like that of Tsuga;
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grain provided with a single clearly marked long ventral furrow, more or less
tapering, reaching almost or completely across it. 7 olotype: §-6.4-63.7.

One of the specimens is seen in ventral view (fig. 15) and the other in
dorsal view (fig. 16), and both are transparent so that their lower as well
as the upper surfaces can be seen. There is considerable difference between
the two specimens. The former measures 50.2u over all and 36.5u inside
the marginal frill (fig. 15), while the latter measures 70u over all and 45.6u
inside the marginal frill (fig. 16). Tn the former the furrow tapers at both
ends and is not quite as long as the grain, while in the latter it is fully as
long as the grain with both ends broad. In the former the encircling frill
is of uniform width around the grain while in the latter it is deeply notched
in the regions of the ends of the furrows, Though these differences are
great enough to make it appear that these two specimens may represent
two natural species, the two grains are certainly closely related.

The frill of puffy exine can only be interpreted as a rudimentary blad-
der. Such structures are common among the spores of various groups as
the Pteridosperms, Caytoniales (43) and Pteridophytes, but as far as I
am aware, are never found in these groups in association with such a well
developed furrow. These specimens appear, therefore, to represent a primi-
tive form of the winged-grained Abietineae. The remarkable resemblance
of the texture of its ventral surface to that of the pollen grain of Tsuga,
among the wingless-grained Abietineae, and of its dorsal surface to that
of the grains of the winged-grained Abietineae give it an intermediate
position between the winged and wingless-grained groups, and is strongly
suggestive of the way in which one of the forms might have been derived
from the other.

CUPRESSINEAE, TAXODINEAE AND TAXINEAE

The grains of the living representatives of these three coniferous tribes
are alike in many respects, and are at once distinguished from those of
the other tribes of the Coniferae by their thin and flexible exine and ex-
tremely thick intine. The exine, though always thin, is somewhat various
in this respect in the different species. It is always flecked with fine gran-
ules; in some the granules are numerous and closely packed; in others they
are few, generally irregularly grouped, leaving rather large patches of the
exine bare, and often they are easily detachable. The intine which is al-
ways of remarkable thickness, is of 3 hyaline material with a large capacity
for absorbing water which causes it to swell enormously, generally with
the rupture of the exine, excepting in those grains of which the latter is
too thick. The way in which the exine ruptures is a diagnostic character
of value, particularly in fossil material where only cast exines are found.
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The grains of this plexus of tribes also possess certain characters which
serve in living material to distinguish the tribes from each other. In those
of the Cupressineae there is never a germ pore or furrow, only occasionally
may a vestige of this organ be found. On the other hand among the Taxo-
dineae and Taxineae the germinal furrow is always represented by at least
a vestige which, though small, is'generally quite conspicuous. In the grains
of the Taxodineae it takes the form of a vertically elongate straight or bent
papilla, while among the Taxineae it is a broad and meridionally elongate
protuberance. Unfortunately, however, in fossil material, the presence or
absence of the pore, or furrow vestige, is seldom visible in those grains
which rupture easily, for the break generally takes place through the pore.
One must, therefore, generally rely for the identification of these upon such
characters as the dimensions, the mode of rupture of the exine and the num-
ber and distribution of the granular flecks over its surface, characters
which make identification, closer to one than another of the three tribes,
somewhat uncertain.

In the oil shales are many grains answering the above description mak-
ing it quite certain that members of one or the other, or possibly all three
tribes of this plexus were exceedingly abundant in Green River time. Rela-
tively few of the grains, however, are sufficiently well preserved to reveal
the minute and intangible differences existing between those of the differ-
ent genera. But among them the following can be distinguished with a
fair degree of certainty.

Taxodium hiatipites sp. nov. (fig. 17). The split and empty exines of
grains which seem in all probability to be those of a species of Taxodium. The
cleft generally bisects the grain almost completely, but the two halves remain
joined at their bases, and opening generally without much buckling though
sometimes one of the halves may be crumpled. In size, measured from the tip
to the base of one of the halves where it remains joined to its neighboring half,
29.6-37.6u. Holotype: 5-12.6-51.6.

All of the various conditions in which I have found these skins could
be exactly matched with the pollen of the living Taxodium distichum. The
number and arrangement of the surface flecks also match perfectly. There
is nevertheless a possibility that these grains might be those of Juniperus
communis (they are too large for any other species of Juniperus) or of
Libocedrus, though they do not match either quite so well as they do those
of Taxodium. They are among the most conspicuous pollen elements of
the shales; scores of them occur in the sections which I have examined.

Besides the flecked grains there are a few which are quite smooth but
otherwise answer the above description. Since it is easily demonstrable
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that the flecks of the exine surface are detachable, I am including these
grains with the present species on the assumption that they are Taxodium
grains that have lost their flecks. On the other hand if these grains never
had flecks they cannot belong to Taxodium. Instead they would match
rather well with those of Thuja which are only sparsely flecked, or with the
grains of some species of Zamia, which rupture in this fashion, and are
quite smooth. However, bereft of their flecks, grains of this type are re-
duced to such simplicity that it is without profit to attempt their identifi-
cation.

A similar grain which I suspect is of the same, or a closely related,
species is described as Pollenites hiatus Pot. from European Miocene brown
coal (41). The name of the present species has reference to the gaping ap-
pearance of these empty exines, as suggested by Potonié’s name for a simi-
lar, if not the same, species.

T'axodium has not been recorded in the Green River flora, unless, per-
chance the leaves of Tawites eocenica R. W, Brn., which Brown (17) states
““are suggestive of such coniferous genera as Taxus, Taxodium, Tumion,
Abies, and Pseudotsuga,” are to be regarded as such. Taxodium belongs,
however, to an immensely ancient group whose record dates back to the
Cretaceous period. “There are no certainly identified records of ancestral
bald cypress in the Cretaceous period, although it is quite possible that some
of the similar appearing twigs of fossil conifers that have been referred to
Sequoia may really be those of an early Cypress.” (5). Taxodium was of
wide distribution in Tertiary times, and is recorded from the Greenland,
Wilcox, Fort Union, Jackson and other floras of that period, and in Asia
from the Sarmatian flora of Krynka River (35). It is represented in the
southern part of North America at the present time by two species, one
of which reaches as far north as Maryland. Consequently its presence in
the Green River epoch is to be expected.

Glyptostrobus vacuipites sp. nov. (fig. 18). The cast skins of pollen grains,
split into two approximately equal halves. Exine in life apparently stiff and
under mechanical strain so that, in separating, the two halves buckle with the
formation of longitudinal folds. Outer surface dotted with small flecks openly
and irregularly spaced. Length of halves 37.6u. Holotype: 5-12.6-50.5.

This grain matches the pollen grains of the living Glyptosirobus, which
upon rupturing frequently assume this form ; they are of almost exactly
the same size, and the distribution of the flecks on their surface is likewise
the same. It must be admitted, however, that the fossil shows no charac-
ters which entirely exclude the possibility of its belonging to some of the
other members of this plexus of tribes.
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Glyptostrobus, now confined to a small region in central China, belongs
to the same ancient group as Taxodium. It was wide spread throughout
the Tertiary period, and is recorded in the Tertiary Claiborne, Jackson,
~Wilcox and British Columbia floras, consequently it may be expected in
the Green River epoch, though it has not been previously recorded. What
has been said regarding the past distribution of Taxedium applies equally
here, for much of what has been called Sequoia appears to be Glyplostrobus.

Cunninghamia concedipites sp. nov. (fig. 19). Empty but unruptured
exines of pollen grains, 32-37u in diameter, thin and collapsing irregularly
without predetermined folds. Outer surface covered with minute flecks closely
but irregularly packed, or smooth. With or without a small rounded papilla.
Holotype: 5-11.1-52.8.

Six grains were found answering this description, and they match very
well with those of the living Cunninghamia sinensis. Four of them possess
the flecked character of the group and two are quite smooth, but surround-
ing one of the latter is seen a halo of small granules which had apparently
been stripped from the exine. In both of the smooth grains could be seen
a minute papilla corresponding to that of the grains of Cunninghamia,
but in the others no papilla was apparent. But its absence cannot be in-
ferred, for in the collapsed grains of living species of Cunninghamia the
pore is generally not visible.

The large size of these grains (all except one are over 34y in diameter)
is a character of the Taxodineae and precludes the likelihood of these
specimens belonging to any of the Cupressineae, for those which I have
examined are all under that size. The rather coarse nature of the exine
and its mode of collapsing without rupture is quite characteristic of the
grains of Cunninghamia, so that it is with a high degree of confidence that
these grains are assigned to that genus. The specific name of these grains
has reference to their customarily collapsed form.

Cunninghamia has not been recorded from the Green River formation,
nor elsewhere in the Tertiary, so far as I am aware, but one species, C.
elegans Corda is recorded from the Upper Cretaceous (3).

GNETACEAE

Ephedra eocenipites sp. nov. (fig. 20). Ellipsoidal, 57-74y long and about
one-half as broad, bearing 5-7 high vertical ridges extending almost from end
to end. The grooves between the ridges are each traversed throughout their
length by a zigzag hyaline line giving off from its angles short branches which
pass outwards into the ridges. Exine thick, smooth and of a horny appearance.
Holotype: 5-14.65-49.8.
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These grains are rather numerous in the oil shales. Six were encountered-
in an excellent state of preservation and about as many more in a less
favorable condition. They correspond in every detail, except their some-
what larger size, with the grains of such living species as Ephedra glauca
which is about 47u long, E. equisetina Bunge, 53y, and E. viridis Coville,
53p. In size the six fossil species which were measured are 57, 60, 64.5,
65.6, 68.4 and 74 long.

The grains of the living species of Eplkedra are of two types, those with
about fifteen low ridges and no hyaline lines in the grooves between them
and those with about five to seven high ridges with distinct hyaline lines
in the grooves. It is to this latter type that the fossils all correspond. The
size of the grains of any one of the living species is almost constant. The
rather great range in size of the fossil specimens, therefore, makes it cer-
tain that two or three natural speciesareinvolved, and probably none of
them is exactly the same as any of the living species. Nevertheless the
identity of these with the genus Eplhedra is rendered certain by their odd
and extremely characteristic shape which is not found elsewhere among
pollen grains or spores.

Ephedra has not been previously recorded from the Green River forma-
tion, nor from the Eocene of America, though it has undoubtedly long
been an inhabitant of this continent. But the late Dr. A. H. Hollick had
in his possession, shortly before his death, a specimen from the Miocene
Florissant which appears to be a fragment of a plant of Ephedra, though
he had not positively identified it as such. At present the genus is repre-
sented in America by six species of low desert shrubs, and at least four
of these are found growing in the immediate vicinity of the Green River
formation. The majority of the species are now Asiatic, a fact which is
strongly suggestive of their American existence during Tertiary time.

NAJADACEAE
Potamogeton Hollickipites sp. nov. (fig. 21). Spheroidal, somewhat ellip-
soidal, ovoidal or variously irregular, 16-27.4u in diameter. Exine rather thin
and conspicuously reticulate with a coarse network of beaded ridges. Without
pores or furrows, or vestiges of them. Holotype: 3-7.9-43.7.

These grains are fairly common in the oil shales; ten perfectly pre-
served specimens were found and examined in detail. Besides these ten
grains there are a number of others of which less than the whole surface
can be seen; therefore, it is not known for certain whether they have a
germ pore or not, the absence of which is the only character which dis-
tinguishes these grains from those of Sparganium and some species of
Typha; but I do not feel that any of these belong to the Typlhaceae, for
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the latter produce pollen in enormously larger quantities than the IV ajada-
ceac and would therefore be expected to greatly outnumber them in the
shales, if the plants had been present.

Potamogeton has not been previously recorded from the Green River
formation, but it is represented in the Eocene Wilcox (10), Jackson (6),
Miocene Latah (29) and Florissant (26, 18) floras, and, since the latter is
regarded as a derivative of the Green River flora, it is to be expected that
Potamogeton lived during the Green River epoch. It is known to have oc-
curred in the Tertiary Siberian flora (32), and in the Tertiary Samartan
flora of Krynka River (35), so its presence in the oil shales points to the
northern connections of the Green River flora.

The habits of Potamogeton are similar to those of Myriophyllum (q.v.),
and the presence in the oil shale of its pollen which appears to be mainly
insect borne and not likely to be carried far from its point of origin, is
interesting in suggesting the nature of the conditions under which the
shales were deposited.

The specific name of the present speciesis in honor of the late Arthur
Hollick, Paleobotanist.

ARECACEAE
Arecipites gen. nov.
Ellipsoidal, 23-25u long, with a single longitudinal furrow which may
close tightly throughout its entire length, not gaping at its ends. In form and
structure resembling the grains of Phoenix dactylifera (44).

It is with some hesitation that these grains are referred to the Palm
family on account of the widespread distribution among primitive floras
of species with one-furrowed grains of this general character, with which
they might be confused. Of such a character are the grains of the Magnolia-
ceae, Cycads, Ginkgo and Bennettitales, but, as far as my experience goes
with such forms, the small size of these fossil grains precludes the possi-
bility of their belonging to the Magnoliaceae, and the pointed ends of their
furrows do not match the broad rounded ends of those of the Cycads,
Ginkgo or the Bennettitales.

Four species or Arecaceae have been recorded from the Green River
formation (11, 27), and they are known to have grown in great profusion
in many regions throughout the Tertiary period.

Arecipites punctatus sp. nov. (fig. 22). Exine minutely pitted but ap-
pearing, except under the most favorable conditions, to be quite smooth.
The single specimen which was found matches the grains of Phoenix
dactylifera in every respect except its somewhat larger size,—the latter range
from 19.4-23.9u in length. Holotype: §-11.0-61.4.
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Arecipites rugosus sp. nov. (fig. 23). As in the generic description, except
that the exine is decidedly roughened and appears to have transverse striae.
Holotype: 36-8.0-58.6.

A single specimen of this species was observed. The furrow is deeply in-
vaginated, and its floor may be seen through the transparent exine, though
its margins are pressed tightly together. This grain, in size and structure,
corresponds with those of the Arecaceae, but in texture does not correspond
with any species with which I am familiar. It is therefore somewhat doubt-
ful if it is correctly assigned to the family.

ARACEAE
Peltandripites gen. nov.

Ellipsoidal, without germinal furrows or pores. Exine rather thin and of
smooth texture, but provided with numerous sharp conical spines somewhat
irregularly arranged, often obliquely attached and of varying length. As seen
in optical section the exine appears to be slightly roughened on its inner sur-
face.

Peltandripites Davisii sp. nov. (fig. 24). 40X 35.3u. Spines averaging
about 2.3u long. Holotype: 4-10.0-61.6.

A single specimen of this species was found. It matches with the grains
of Peltandra virginica Kunth, except for its slightly larger size and slightly
more numerous spines. The grains of the latter species are 30-35.3u in
diameter; their spines are of the same size and general appearance as those
of the fossil species, though less numerous and more regularly arranged.
In these two latter characters the fossil species is intermediate between the
grains of Peltandra and Smilax herbacea, the only other species with which
it compares at all closely. The fossil species, however, is much larger than
the grains of S. herbacea and its spines longer.

Peltandra has not been previously recorded from the Green River forma-
tion nor elsewhere in fossil form as far as I am aware, but the Araceae are
represented in the Tertiary by Acoris in the Florissant and Wilcox floras,
by Pistia in the Wilcox and Jackson, and by Ariseema in the Latah. T feel
that the assignment of this grain to the Araceae is certainly correct, but its
identification with Peltandra is not entirely certain for I have not had op-
portunity to compare it with many other members of the family. It does
not, however, match with the pollen of Symplocarpus, Anthurium, Calla or
Arisaema.

The specific name of the present fossil species is in honor of Charles A.
Davis who prepared most of the slides upon which this work was done, but
whose untimely death in 1916 prevented him from studying them.
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19
Figs. 15, 16, Abietipites antiguus, fig. 15, ventral view of a grain 50.2u over all,
fig. 16, dorsal view of a grain drawn as if part of the surface were removed to show its
appearance in optical section, 70x over all; fig. 17, Taxodium hiatipites; fig. 18, Glyptos-

trobus vacuipites; fig. 19, Cunninghamia concedipites; fig. 20, Ephedra eocenipites; fig. 21,
Potamogeton Hollickipites,

LILIACEAE
Smilacipites gen. nov.

Spherical or ellipsoidal, 19-25.8u in diameter, without a germ pore or fur-
row. Exine rather thin and, in life, apparently readily deformed by pressure;
variously adorned, provided with large or small spines or wart-like granules,
texture smooth or only faintly granular.

I have compared these fossils with the pollen of three living species of
Smilax. The grains of the latter are all spherical, thin walled and variously
adorned. That of S. kerbacea L. is 25-27; in diameter and provided with
sharp conical spines, that of S. populnea Kunth, is about 19-20u in diam-
eter, provided with large wart-like protuberances, and that of . mollis
Willd. is about 17y in diameter, and provided with small papillae. There
is much variation in the size and development of the surface adornments
even among the grains of the same species and they are always irregular in
arrangement. The texture of the exine is otherwise quite smooth.

Though at least one of the fossil species matches perfectly with one of
the present day species of Smilax, it is not entirely safe to assign any of
these fossils unreservedly to the genus Smilax, for the same form of grain
is known to occur in a number of other groups. For example it is almost
exactly duplicated in the Araceae, and, except for size, in Guetum, and is
rather closely approached in the Lauraceae and Musaceae.
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Fig. 22, Avecipites punctatus; fig. 23, Arecipites rugosus; fig. 24, Peltandripites
Davisii, drawn as if part were removed to show its appearance in optical section; fig. 25,
Swmilacipiles molloides, the upper part of the grain has been sliced off by the microtome,
and the remainder is drawn as if a piece were removed from one side to show its appear-
ance in optical section; fig. 26, Smilacipites herbaceoides; fig. 27, Smilacipites echinatus,
drawn as if a part were removed from one side to show its appearance in optical section;
fig. 28, Liriodendron psilopites, ventral view; fig. 29, Hicoria viridi-fluminipites, ventral
view, drawn as if a part were removed, to show its appearance in optical section.

Smilax has not previously been recorded from the Green River forma-
tion, but one species is found in the Eocene of the Atlantic Coastal Plain,
and another from the Tertiary Samartan flora of Krynka River (35), and
many are recorded from the Cretaceous to Pliocene of other regions. (6, 9,
10).

Smilacipites molloides sp. nov. (fig. 25). As in the generic description,
19.4y in diameter. Exine papillate, but texture otherwise smooth. Single spe-
cimen found matches exactly with Smilex mollis from which its specific name
is derived. Holotype: 3-8.7—41.6.

Smilacipites herbaceoides sp. nov. (fg. 26). Ellipsoidal, 27.4y long, but
the exine is wrinkled so that the grain was probably less ellipsoidal in life.
Provided with small irregularly arranged sharp spines. Holotype: 8-11.9-
63.6.

This specimen differs from the grains of S. kerbacee only in its elongate
form and smaller spines. The only other genus that this might belong to is
Peltandra. In the latter, however, the spines are more regularly arranged
and the exine s a little thicker.

Smilacipites echinatus sp. nov. (fig. 27). Spheroidal or approximately so,
28.5u in diameter. Exine rather heavy, finely and vaguely granular, or smooth,
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provided with long sharp spines irregularly arranged, averaging about 3.4pin
length. Holotype: 3-7.8—42.8.

The spines of this species are more pronounced than is usually the
case with grains of Smilax. It is to this fact that the specific name refers.
Two specimens were found. One of these shows the granular character
rather distinctly while in the other it is absent. If the granular character is
natural, as it appears to be in one of the specimens, it would preclude the
possibility of its belonging to the genus Smilax.

MAGNOLIACEAE

Liriodendron psilopites sp. nov. (fig. 28). Ellipsoidal, 62.5X23.5-80
X 38.8u, provided with a single longitudinal furrow. In the partially expanded
condition the furrow is rather broad, of uniform width, not tapering towards
its ends, its margins slightly wavy. Exine rather thick and apparently rigid in
life, of smooth texture but slightly undulating. It is to the smooth texture of
these grains that the specific name refers. Holotype: 17-11.9-69.5.

Three specimens of this species were found, and the one that is seen to
best advantage (i.e. in ventral view showing the furrow) matches the
grain of the living Liriodendron Tulipifera in every character except the
texture of its exine. In the grains of the living species the exine presents a
minutely pitted and somewhat warty appearance. In the grains of other
living Magnoliaceae, however, such characters are only of specific value,
both smooth and rough grains being found in the same genus. It seems
most likely, therefore, that the present fossil is the grain of an extinct spe-
cies of Liriodendron. There is also a possibility, however, that it might
belong to some member of the Magnoliaceae that I have not examined, or
even to some species entirely unrelated, for one-furrowed grains were much
more common among the primitive floras than they are today.

Liriodendron is known to have occurred in the Upper Cretaceous and
several species have been recorded from the Eocene (8, 36) and the Mio-
cene (9) formations, consequently it is to be expected in the Green River
epoch.

JUGLANDACEAE

Pollen grains of the Juglandaceae are abundant and among the most
conspicuous in the oil shales. But owing to the exceptionally wide range
of form embraced by the pollen of the various genera of this family, they
are not easily identifiable, excepting the conspicuous grains of Hicoria and
Juglans. Consequently, in order that the identifications may be fairly
evaluated, I give the following short summary of the pollen characters of
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some living Juglandaceae which are likely to be represented in Tertiary
formations.

The characters which they share with each other are the smooth or
slightly granular character of their exine, their lack of germinal furrows,
and their possession of rounded or slightly elongate germinal apertures
always surrounded by subexineous thickenings. In the grains of all, except
Hicoria and Juglans, the pores are approximately equally spaced around
the equator as in the grains of the Betulaceae, but in the grains of Hicoria
and Juglans the pores are mostly crowded into one hemisphere (the ven-
tral) leaving the greater part of the other (the dorsal) blank. Also in the
grains of these two genera the subexineous thickenings of the pores possess
but little thickness and do not cause the pores to protrude noticeably above
the surface of the grain; instead, they possess greater lateral extension.
In the grains of most species of Juglans the subexineous thickenings do not
quite touch each other, but in those of Hicoria they not only touch but are
completely fused, forming a continuous sheet underlying the exine of the
whole of the ventral hemisphere and all but a small central area of the
dorsal hemisphere. On account of these two characters, the one-sided ar-
rangement of their pores and their broad flat subexineous thickenings sur-
rounding them, the grains of Hicoria and Juglans are easily recognizable.
Not so, however, with the grains of such other genera as Engelhardiia,
Pterocarya and Platycarya; their pores are arranged around the equator,
their subexineous thickenings are abrupt and their pores protrude as in the
grains of the Betulaceae which they resemble closely, and, to a lesser ex-
tent, some of the Urticaceae, such as Momisia; and indeed it is often diffi-
cult to distinguish the grains of these families one from the other except
through a knowledge of their specific characteristics. The grains of Plero-
carya range from about 27-36u in diameter. They are rather distinctive in
usually having five or six pores, rarely four, and almost never three. The
pores are narrowly elliptical in shape and arranged around the equator with
their major axes converging in pairs. They resemble the five-pored grains
of Alnus in almost all respects except that they lack the connecting bands
which characterize the grains of that genus. There is, however, not much
likelihood of confusing the grains of the two genera even if the bands do
not show, because the majority of Alnus grains are four-pored, while the
majority of Pterocarya are five- or six-pored.

The grains of Engelhardtia spicata are almost the same as those of some
of the Betulaceae, especially Corylus. In fact there is great danger of con-
fusing them. They are, however, about 19-22u in diameter, which is some-
what smaller than those of Corylus or other Betulaceae.

The grains of Platycarya are similar in form to those of Engelhardiia,
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but are smaller, measuring only 14y in diameter and their apertures are
narrow and almost slit-like. A further discussion of the grains of this family
in comparison with those of the Betulaceae will be found under that family.

Hicoria

In the oil shales are a large number of pollen grains which are undoubt-
edly those of Hicoria; they differ from living species only in their size. The
two fossil species which I have distinguished range from 31.2 to 3%u in
- diameter, while the grains of the living species which I have examined
ranged from 42 to 52u in diameter. The fossil grains were apparently lens-
shaped in life, though the specimens are greatly flattened dorsiventrally.
They have three pores confined to the ventral surface, and their exine is
smooth or slightly granular particularly around the pores.

The hickories are represented in the Green River flora by a single
known species, H. juglandiformis (Sternby) Knowlton, a species which also
occurs in the Miocene Latah and Florissant formations, and was ap-
parently wide-spread and abundant in Tertiary times. It is therefore quite
possible that one or the other of the two following fossil grains belongs to
that species, though by no means certain, for in Tertiary times the genus
was represented by a number of other species. For example there are re-
corded two in the Jackson Flora, one in the Claiborne (6), and Wilcox (10)
and two in the Tertiary of British Columbia (8). Any or all of these might
have been present in the Green River flora, though not yet recorded.
Furthermore it is quite possible that the two fossil grains described below
represent more than two natural species, for the forms of the various
living hickories are not usually distinguishable from each other.

Hicoria viridi-fluminipites sp. nov. (fig. 29). Oblately flattened and
rounded triangular in outline, 36-39y in diameter ; pores 3, near the equator of
the grain, circular or slightly elliptical with their long axes directed meridi-
onally, 2.3-3.4u long. Holotype: 5-17.5-45.0.

This grain is unquestionably that of a species of Hicoria. It matches in
all respects, except its smaller size, that of H. Myristicaeformis. Therefore
it dprobably represents a species which does not exist at the present time
but was related to the M/ yristicacformis group of hickories. It occurs in the
oil shales in great abundance and many of the grains are perfectly pre-
served. Its specific name refers to the fact that it is a characteristic form
of the Green River shales.

From the Miocene brown coals of Europe a similar form of grain is
described as Pollenites globiformis by Potonié (41), which may be the same
species.
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Hicoria juxtaporipites sp. nov. (fig. 30). Similar to the preceding, 31.2 in
diameter; pores circular, 2.3y in diameter, not close to the equator, closer to
each other and arranged in a triangle. Exine fine granular. Holotype: 5-13.1-
41.9,

A single grain of this species was found. It is less like any present day
species than is the preceding, but is included here because it undoubtedly
belongs to the family and is more like the grains of Hicoria than thése of
any other existing genus. A

Juglans nigripites sp. nov. (fig. 31). Grain apparently lens-shaped in life,
though the fossil is greatly flattened dorsiventrally in the plane of the section,
40y in diameter. Visible pores eleven, short elliptical, about 2.2u long, eight
of them are on or nearly on the equator and three on the ventral (lower) sur-
face, but none on the dorsal. Exine rather thick and slightly thicker around the
pores, texture finely and faintly granular. Holodype: 5-17.2-454.

A single specimen of this species was found. It is in a perfect state of
preservation and, owing to its transparency both sides are visible. It may,
however, have twelve instead of eleven pores. It belongs unquestionably to
Juglans. It cannot, however, be matched exactly with any living species of
which pollen is available. In size it compares favorably with J. regia 41.6u
in diameter, but the pores of the latter are circular and larger, 3.3x in
diameter, and fewer in number, 6-11, generally fewer than eleven. On the
other hand the pores of the fossil are more numerous than those of J.
cinerea (5-8). The fossil matches the grains of J. major, J. californica and
J. nigra about equally well, though it is too small for any one of these; their
sizes are about 34.2, 36.5 and 34 in diameter, respectively.

Juglans is represented by five known species in the Green River flora,
but it is, at present impossible to state to which, if any of these, this fossil
grain belongs. Juglans is an ancient group, with a history dating back to
the Upper Cretaceous (3). In the Tertiary it was represented by many dif-
ferent species and is a conspicuous feature of most of the Tertiary floras,
particularly those of the more northerly and colder climates, as for exam-
ple the Siberian (33), Sakhalin Island (32), and Greenland floras; and in
America it occurs in the Denver (31), Wilcox (10) and Raton (36). In the
warmer floras it is represented by only a single species in the Claiborne and
is absent from the Jackson.

Engelhardtia corylipites sp. nov. (fig. 32). Oblately flattened, triangular
in outline, 21.1-23p in diameter; pores three at the angles, pore diagram as in
Corylus (fig. 38), with the rim slightly roughened inside. Exine smooth.
Holotype: 3-12.0-44.0.
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Only two specimens of this species were found. They match exactly the
grains of Engelhardiia, except for a slight difference in size (those of Engel-
hardtia spicata range from 19.4-21.6x) which is not significant. Neverthe-
less it is with some hesitation that these fossils are assigned to this genus,
because it is only their small size which distinguishes them from the grains
of the species of Momisia and Corylus which I have examined, so they may
match as closely some species of these or even other genera that I have not

Fig. 30, Hicoria juxtaporipites, ventral view; fig. 31, Juglans nigripites, optical sec-
tion. Three pores occurring on the ventral surface, which can be seen through the grain,
are dotted; fig. 32, Engelhardtia corylipites, optical section; fig. 33, Myricipites dubius
optical section; figs. 34, 35, Salix discoloripites, fig. 34, polar view, fig. 35, side view;
figs. 36-39 pore patterns as seen in optical section, of some aspidate grains; fig. 36,
“broad-knob” or Betule pattern; fig. 37, the Tarsus or Myrica pattern; fig. 38, the club-
shaped or Corylus pattern; fig. 39, the “unexpanded” or Carpinus pattern; fig. 40, Alnus
speciipites, drawn as if a part were removed, to show its appearance in optical section.

vet seen. Their specific name refers to the resemblance that these grains
bear to those of Corylus.

Engelhardtia has not previously been recorded from the Green River
formation, but it is to be expected there because it is represented in the
Florissant of Colorado (18), which is regarded as a Miocene derivative of
the Green River flora. It has also been recorded from the Eocene Wilcox
(10) and Jackson (6) floras.

‘ MYRICACEAE
Myricipites gen. nov.

Approximately spheroidal. Pores three, greatly protruding, of the tarsus
pattern (fig. 37). Texture smooth.
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Myricipites dubius sp. nov. (fig. 33). Grains 25.1p in diameter. Texture
of the present specimen wrinkled but probably smooth in life. Holotype:
25/8-13.2-49 4,

Only a single specimen of this species was found and it is badly shrunken
and wrinkled. My reason for assigning it to Myrica is based principally
upon the character of the thickenings surrounding the pores. In the present
specimen, however, this appearance may be due to its shrunken condition.

About eight species of Myrica have already been distinguished in the
Green River formation. It is one of the most abundant and widely dis-
tributed genera of the Tertiary, occurring in practically all of the floras of
that epoch. It was also present in the Upper Cretaceous period (3) and is
still widely distributed though greatly reduced in number of species.

SALICACEAE
Salix discoloripites sp. nov. (figs. 34, 35). Tricolpate and generally more
or less deeply three lobed, isodiametric, slightly elongate or oblately flattened,
according to the degree of expansion; 13.7-23.9u in diameter. Furrows long
and tapering, without internal marginal thickenings and without germ pores.
Exine thick and coarsely reticulate, with the network generally finer towards
the margins of the furrows and towards the poles. Holotype: 5-14.25-44.9,

These grains match exactly those of the two living species, S. discolor
and S. fragilis, with which I have compared them, and T know of no other
grains, other than those of willow, with which they could be compared,—
their lack of germ pore and furrow thickenings seems to be distinctive.
These grains are extremely numerous, possibly the most abundant of any
species in the shales. In view of the fact that the willows are primarily
insect pollinated and are not profuse pollen shedders, the large numbers of
their grains found in the shales attest to the enormous abundance of the
willows in the Green River epoch and their proximity to the place of de-
position. The suggestion naturally occurs that possibly these grains belong
to some species closely related to Saliz but which is wind pollinated, for
example Populus. In this connection, therefore it should be pointed out
that the pollen grains of Populus bear no resemblance to those of Salix
and could not possibly be confused with them. No grains of Populus were
found in the oil shales though the trees are enormously productive of
pollen and are believed to have flourished abundantly during the Green
River epoch. The grains of Populus are provided with only a thin, almost
fragmentary, exine, and I suspect that their absence from the Green River
shales is attributable to their fragile nature.

Four species of Salix have been recorded from the Green River forma-
tion (17, 27) and one from the Wind River Basin of Wyoming of Green
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River age (11); willows are also common in other floras of Tertiary age.
What appears to be the pollen of the same specics as the present one is
described by Potonié (40) as Pollenites fraudulentus Pot. from Focene
brown coal of Germany.

BETULACEAE

The grains of the living Betulaceae are smooth or only faintly granular,
spheroidal or more or less oblately flattened, 20-35u in diameter, provided
with three to seven germ pores which tend to be equally spaced around the
equator. In shape the germinal-apertures differ in the different species,
being circular, elliptical or slit shaped. When the apertures are elongate
they are meridionally oriented, or with their major axes converging in
pairs, if there are more than three. The most distinctive character of these
grains, however, is that their germ pores always protrude as rounded
domes, and give the grains when seen in polar view an angular outline.
This character I have called ‘aspidate’ owing to the resemblance of such
a protruding pore to a small circular shield or aspis. The dome-shaped pro-
trusions are due to a thickening of the intine underlying the region im-
mediately surrounding the pore, and frequently also to a lesser annular
thickening of the exine. '

All of these characters the grains of the Betulaceae share with those of
the Myricaceae, Myriophyllum among the Haloragidaceae, Platycaria,
Engelhardtia and Pterocarya among the Juglandaceae, and Momisia among
the Ulmaceae; and they closely resemble the grains of Broussonetia, Morus,
Humulus and Cannabis among the Urticaceae. In fact they represent a
form towards which the grains of many wind-pollinated species of diverse
origins tend to approach. This, together with a close intrafamily resem-
blance of the various genera makes the recognition of the pollen grains of
the Betulaceae always difficult and occasionally uncertain.

They can generally be distinguished, however, by certain minor charac-
ters which they possess individually. One such character is found in the
annular thickening of the exine surrounding the pore. When seen in optical
section with the pore at the plane of focus, the germinal aperture appears
. as a gap at which the walls on either side end with knob-like thickenings,
which vary in the different species.

Passing in review the grains of the members of the Betulaceae and those
of families with which it is possible to confuse them, four fairly well marked
types of pore pattern may be distinguished. These are (1) the broad-knob
or Betula pore pattern (fig. 36) in which the exine appears in optical section
to end at the pore in a broad and abrupt expansion, and the pores, as a
consequence of the thickening of the exine, are raised sharply above the
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surface of the grain. This pore pattern is characteristic of all species of
Betula, Myriophyllum and, with a slight modification towards the next
type, of Alnus. (2) the tarsus or Myrica pore pattern in which the wall
thickness suggests in appearance the shape of the terminal joint or tarsus
of the hind legs of some insects (fig. 37). This form in its fullest develop-
ment characterizes the grains of Myrica and Comptonia, and is somewhat
approached in those of Engelhardtia and Alnus (3), the club-shaped or
Corylus pore pattern (fig. 38) in which the exine is only slightly and gradu-
ally expanded at the pores; consequently in such grains the pores are only
slightly raised above the surface. This form characterizes the grains of
Corylus, Pterocarya, Platycarya and Momisia, and, with a certain tendency
towards the tarsus pattern, those of Ostrya (4), the unexpanded or Carpinus
pore pattern (fig. 39). In this the walls of the exine are not at all or only
very slightly expanded at the pores. It must be admitted the distinction
between this and the previous pore pattern is often vague. This pattern
characterizes the grain of Carpinus and, with a modification towards the
tarsus type, that of Engelhardtia. Fortunately we are further aided in the
identification of these two grains by the fact that that of Carpinus is the
largest while that of Engelhardiia is the smallest of all of the grains pos-
sessing this pore pattern.

Alnus speciipites sp. nov. (fig. 40). Lens-shaped. 20~30.4x in diameter;
pores 4 or 5, occasionally 3 or 6, arranged around the equator with the long
axes of their apertures which are elliptical converging in pairs. Exine smooth or
slightly roughened, greatly thickened in the region immediately surrounding
the pores causing them to protrude markedly (fig. 36) and giving the grain an
angular appearance. The exine is also thickened along linear bands following
geodetic curves between the pores. Holotype: 3-11.9-41.6.

These grains are common in the oil shales, and are among the most
conspicuous elements found, hence their specific name. They conform in
all respects to those of living species of Alnus. In size they show a greater
range of variation than I have encountered in the pollen of a single living
species, consequently it is likely that more than one natural species is in-
volved, but they are well within the size limits of the genus.

The presence of the connecting bands, when these are in evidence,
makes the recognition of these grains easy and their identification with
the genus Alnus certain. Similar bands, it is true, occur in the grains of
Planera, but these grains are entirely different in other respects. Without
the bands the grains of Aluus could scarcely be distinguished from those
of some species of Myriophyllum, Pterocarya, and of Car pinus Betula; con-
sequently grains of Alnus in which the bands are not in evidence, as is
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sometimes the case, might confuse the identification of these latter species
in any but perfectly preserved specimens.

Alnus pollen grains with both 4 and 5 pores, apparently identical in all
respects with those described above have been reported by Kirchheimer
(24, 25) from European brown coals. Also grains with 4-6 pores have been
reported by the same author but these are of a considerably smaller size
and are, therefore, of a different species but the connecting bands between
the pores are quite distinct, Kirchheimer points out that, though these
grains are smaller than any of Alnus with which he has compared them,
they are found in association with numerous fossil leaves and flowers which
have been identified as Alnus gracilis Ung., A. Kefersicini Gopp., 4. nos-
tratum Ung., which is strong evidence that they are truly alder grains,
Moreover these small grains of Kirshheimer’s appear to be the same as
Alni-pollenites verus Pot. described by Potonié (41) from Miocene brown
coal of Germany. Potonié (38) also describes, under the name of Pollenites
coryphaeus tetraexitum, grains from Miocene brown coal which correspond
to the present species but do not show the connecting bands.

No species of alder have yet been described from the Green River
formation but the alders have left their records in most of the larger Ter-
tiary deposits. They occur in the cold Siberian Tertiary (33). In the Ter-
tiary of B. C. they are represented by three species (8). In the Florissant
they are represented by two species (26). In the Miocene Latah formation
(9) they are represented by two species, including a staminate-catkin and a
pistillate cone (29), and in the Denver by two species (31). So it is not sur-
prising that alder pollen is found in the Green River shales and one can
predict with certainty that other parts of the plant will be found as the
shales are more extensively studied.

Betula claripites sp. nov. (fig. 41). Apparently spheroidal or oblately
flattened in life. 22.8-29.6u in diameter; pores three, protruding owing to the
thickening of the exine surrounding them, pore pattern corresponding to the
Betula type (fig. 36), apertures approximately circular; aspides faintly visi-
ble; texture smooth. Holotype: 4-8.8-65.1.

“These grains match perfectly those of living species of Betula, coming
“perhaps closest to B. lenta, and are not likely to be confused with any other
member of the family. Only two grains were found which certainly belong
to this species and a third, imperfectly preserved, which probably does.
Their rounded shape and sharply protruding pores make them rather con-
spicuous objects, and it is to this fact that the specific name refers, but
they are much less abundant than the pollen of C arpinus or Alnus.
The leaf of a single species of birch (Betula eocenica R. W. Brn.) has
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been recorded from the Green River formation (17), but, unless a stami-
nate cone bearing recognizable grains is found, it is unsafe to assume that
the pollen is of the same species. Similar grains but somewhat smaller, so
undoubtedly of another species, have been described from Tertiary brown
coals (24).

Betula has a wide distribution in Tertiary formations. It is found in the
cold Siberian Tertiary (33), and in most of the principal Tertiary floras
of America except those of the southeast regions which were too warm (6).

42 43
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Fig. 41, Betula claripites, polar view, drawn as if a part were removed, to show its
appearance in optical section; fig. 42, Carpinus ancipites, optical section, polar view;
fig. 43, Momipites coryloides, polar view drawn as if a part were removed, to show its
appearance in optical section; fig. 44, Adlanthipites Berryi. Side view, drawn as if a
part were cut away, to show the inwardly projecting rims of the furrow and germ pore;
fig. 45, Rhoipites Bradleyi, side view, in optical section except a small part at the upper
end which is shown in surface view; fig. 46, Talisiipites Fischeri, polar view showing a
small part of one side in optical section; fig. 47, Vitipites dubius, polar view of surface,
a small part on one side shown in optical section; fig. 48, Tilia crassipites, polar view of
surface on the left and optical section on right.

Tt is represented in the Florissant (26), in the Latah Miocene (9, 29),in the
tertiary of B. C. (8), and in the Denver and associated formations (27).
The presence of Betula and Alnus in the Green River flora suggest a rather
cool and humid climate.

Carpinus ancipites sp. nov. (fig. 42). In life apparently oblately flattened
angular in outline, 27.4-44.5u in diameter. Pores 3 or 4, their apertures
elliptical; when three, meridionally arranged; when four, on the equator with
their major axes converging in pairs; very slightly or not at all protruding,
and the exine surrounding them scarcely or not at all thickened; pore pattern
as in the Carpinus type (fig. 39). Texture smooth. Holotype: 4-19.1-72.1.



1933] WODEHOUSE ! TERTIARY POLLEN-—II 511

These grains match exactly the two species of Carpinus which I have
examined, but in size they have a greater range of variation. They are
rather numerous in the shales, but much less so than Momipites which they
resemble closely. The specific name is derived from Lat. anceps, ambiguous,
on account of the difficulty of distinguishing them from this latter species.

Carpinus has not hitherto been recorded from the Green River forma-
tion, though it was much more abundant, both in species and individuals,
during Tertiary times than it is at present, and it is represented in most
of the principal Tertiary floras of America except those of the southwest
of which the climate was too warm for the Betulaceae.

ULMACEAE
Momipites gen. nov.

Grains spheroidal or oblately flattened and somewhat triangular in out-
line. Pores three on the equator with their apertures broadly elliptical and
meridionally oriented, only slightly protruding above the surface, and with
the exine immediately surrounding them slightly thickened, corresponding to
the Corylus pattern (fig. 38). Texture smooth.

Momipites coryloides sp. nov. (fig. 43). Oblately flattened and triangular
in outline, 21~33.1u in diameter. Holotype: 5-10.9-52.7.

These grains are numerous in the oil shales and many of them are so
perfectly preserved that the outlines of the subexineous thickenings which
surrounded their germ pores in life can be clearly seen. Nevertheless their
identification with Momisia is not entirely certain for they are scarcely
distinguishable from the grains of Corylus. They likewise match Engel-
hardtia spicata in all respects except their larger size. But by actual com-
parison they seem to match most closely the grains of Momisia, especially
M. iguanacea, accordingly they are tentatively referred to this genus.

Neither Momisia, Engelhardtia, nor Corylus have been recorded from
the Green River formation, but all three are common genera of North
American Tertiary deposits. Engelhardtia occurs in the Jackson, Wilcox
and Florissant floras, which latter is in part probably a Miocene derivative
of the Eocene Green River flora. Corylus is known to occur in the Tertiary
of British Columbia (8). Momisia occurs in the Clairborne and Jackson
floras (6). Though Momisia has not been recorded as such from the Green
River formation, Celtis debequensis R. W. Brn. has, and since Momisia is
regarded by many botanists as a section of the genus Celiis, I feel that
there is at least a possibility that the pollen, here designated as Momipites
coryloides, may be that of Celtis debequensis.

It is unfortunate that the identification of this pollen cannot be deter-
mined with greater certainty because, occurring in the enormous quantity
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that it does in the oil shales, it must have come from one of the dominant
members of the Green River flora. If it turns out to belong to Momisia or
Engelhardtia it points to southern connections of the Green River flora,
but if it turns out to belong to Corylus it points to the northern connection
of this flora.

Similar pollen grains are described from Eocene brown coal of Germany
by Kirchheimer (24). He suggests that such a form might belong to some
member of the Betulaceae, especially Corylus, but, he states, it is also =
closely approached by the grains of Ostrye and Myrica. I do not feel that
there is any danger of confusing the present species from the Green River
formation with either of these two latter genera.

SIMARUBACEAE
Ailanthipites gen. nov.

Generally ellipsoidal, but somewhat various in shape according to the de-
gree of their expansion, tricolpate with furrows long, reaching almost from
pole to pole, furrow rim and pore rim conspicuous, projecting deeply inward.
Exine reticulate-pitted with the pits elongate and linearly arranged forming a
sort of thumb-print pattern.

Ailanthipites Berryi sp. nov. (fig. 44). Grains 20~25.1x broad and 26-30u
long. Holotype: 36-19.8-61.5.

These grains match perfectly those of Azlanthus glandulosa, and it is
with a fair degree of confidence that they are assigned to that genus. The
only other form of grain I know which they resemble is that of Spondias
Mombin (46), but the grains of the latter are much larger—34-39u broad
and 43-50u long—which makes it extremely unlikely that these fossils
belong to that genus. They are obviously insect borne yet they occur in the
shales in large numbers. Therefore, they belong to a plant which grew
abundantly near the place of deposition.

Ailanthus is represented in the Green River flora by the fossil species
A. longi-petiolata Lesquereux. There is, therefore, at least a possibility
that these grains belong to that species. “The Chinese tree of heaven
(Ailanthus) is found fossil in the late Miocene lake beds at Florissant,
Colorado and at other places and times in North America, but has not
been native for hundreds of thousands of years, yet it has become effec-
tively naturalized in the last few centuries since it was introduced by man.”
The specific name is given in honor of Edward W. Berry from whose work
the quotation is taken, and who has contributed perhaps more than any
other single investigator to our knowledge of Tertiary floras.
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ANACARDIACEAE
Rhoipites gen. nov.

Ellipsoidal, tricolpate, with furrows long and pointed. Furrow and pore
thickenings conspicuous, projecting deeply inwards. Exine rather finely
reticulate-pitted.

Rhoipites Bradleyi sp. nov. (fig. 45). Grains 25X 35pu. Holotype: 36-
19.6-61.8. At this reading are four grains of this species. The holotype is the
one illustrated.

This species matches perfectly with the grain of Rhus typhina. It is,
however, of a generalized type which makes the evidence of matching
alone, somewhat uncertain. It is rather abundant in the shales, and since
it has the appearance of being primarily insect pollinated the plant which
produced it must have lived in great abundance and close to the place of
deposition.

Rhus is represented in the Green River flora by five species, and from
the same family have been recorded one species of Schmalizia and one of
Anacardites. Rhus is also known from the Raton (36), Animas (28) and
Latah (9, 29) formations. Consequently the finding of Rhus pollen in the
Green River oil shales is to be expected. The specific name of the present
species is given in honor of W. H. Bradley in recognition of his studies of
the Green River formation.

SAPINDACEAE
Talisiipites gen. nov.

Oblately flattened, triangular in polar view, tricolpate, with furrows long,
narrow and shallow, each enclosing a small germ pore. Pores aspidate, sur-
rounded by a subexineous thickening similar to those of the grains of the
Betulaceae. Exine thin and rather finely granular, more evidently so near the
pores.

Talisiipites Fischeri sp. nov. (fig. 46). Grains 28.5u in diameter. Holotype:
3-10-44.5.

These grains are rather common, four were examined in detail. They
match perfectly Talisia depressa (46). Since this is rather a unique type
in its combination of aspidate pores with long tapering furrows, one that
I have not encountered elsewhere, it is with a fair degree of confidence
that it is assigned to the genus Talisia. The specific name of these grains
is given in honor of Hugo Fischer whose inaugural dissertation, dated
Breslau 1890, has become a classic in pollen literature.

A species of this family, Thouinia (Talisia) eocenica R. W. Brn., is



514 BULLETIN OF THE TORREY CLUB IVOL. 60

represented in the Green River formation and it is indeed possible that the
grains described here belong to that species. What appears to be the same
species is described by Potonié (40) as Pollenites vestibulum from Focene
brown coal of Germany.

VITACEAE
Vitipites gen. nov.
Oblately flattened, hexagonal in polar view, rather small, tricolpate with
furrows sharply defined, long and tapering. Exine finely and faintly pitted.

Vitipites dubius sp. nov. (fig. 47). Grains about 22.8u broad. Holotype:
4-8.5-66.3.

A single specimen of this species was found. It matches exactly with the
pollen grain of Vitis vinifera. Nevertheless since it is of a rather generalized
type its identification with the genus Vitis is not entirely certain.

Vitis has not hitherto been recorded from the Green River formation,
but is known to occur in its derivative flora, the Miocene Florissant. It has
also been recorded from the Denver, Vermejo and Raton formations (31)
s0 it is to be expected in that of the Green River. An allied species, Parthe-
nocissus fertiaria (Lesquereux) Knowlton has been recorded from this
formation (27), but the pollen grains of the living species of these two
genera are quite distinct and not likely to be confused.

TILIACEAE
Tilia

Grains of the living species, T. americana, are lens-shaped, 35.3-37.6u
in diameter, always with three germ pores arranged around the equator
and deeply sunken in very short pit-like germinal furrows, with exine
rather thick and finely reticulate-pitted.

Among the present fossil material are found four distinct forms which
answer more or less closely to this description.

The other members of the Tiliaceae, Triumfetta and Grewia, which are
believed to have been widely represented in Eocene time, have pollen
grains entirely different. Those of both Triumfeita and Grewia are ellip-
soidal, 43-54u long and about 2/3 as broad, with long tapering furrows
reaching almost from pole to pole, and with coarsely reticulate exine. I did
not find them represented in the oil shales, nor is there any possibility that
any of the fossil material here included under T7lia can belong to either of
these genera.

Tiilia has not hitherto been recorded from the Green River formation,
and the family is, up to the present, represented in that formation only by
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a single species of Grewiopsis. But Tilic was rather wide spread in the
Tertiary period. It is recorded from the Eocene Jackson and Raton floras
(36) and from the Miocene Latah (9) and Florissant (18, 26) floras, so it is
to be expected in that of the Green River.

Two species of Tilia pollen, Tiliae-pollenites instructus Pot., and T.-p.
indubitabilis Pot. which may be the same as T'. crassipifes among the fol-
lowing, have been described from the European brown coals by Potonié
(39), but he states that they are granular whereas the following are reticu-

53 54

Fig. 49, Tilia vescipites, polar view of surface, but with a small part shown in
optical section; fig. 50, T'ilia ietraforaminipites, polar view, the left of the figure in
optical section, the right in surface view; fig. 51, Myriophyllum ambiguipites, polar
view shown partly in optical section and partly in surface view; fig. 52, Ericipites longi-
sulcatus, a tetrad of united grains; fig. 53, Ericipites brevisulcatus, a tetrad of united
grains; fig. 54, Caprifoliipites viridi-fluminis, side view.

late-pitted as are those of the living 7. americana. Kirchheimer (24), also
describes and illustrates a species of Tilia pollen from the Tertiary brown
coal of Germany, but it is apparently not the same as any of those de-
scribed below for it is 31.2-40.3p in diameter and is stated to be granular.

. Tilia crassipites sp. nov. (fig. 48). Grains apparently lens-shaped or at
least somewhat oblately flattened in life, though the present specimen is com-
pletely flattened in the plane of the section and somewhat distorted, 43.3
X 36.5u. Pores three, sunken in deep pits. Exine thick and coarsely reticulate.
Holotype: 4-8.6-65.2.

This fossil bears a marked resemblance to the grain of Tilia americana
but differs in its larger size and more coarsely reticulate surface. It is to
this character that the specific name refers.
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Tilia vescipites sp. nov. (fig. 49). Similar to the preceding, but 27.4u in
diameter and with exine finely reticulate-pitted. It is to the fineness of the
texture that the specific name refers. Holotype: 5-10.8-48.9.

This fossil matches exactly the grain of T'. americana except for its
size which is about 10u in diameter less.

Tilia tetraforaminipites sp. nov. (fig. 50). Similar to the preceding, ex-
cept that the exine is more finely pitted, and there are four instead of three
pores, 28.5u in diameter. Holotype: 6—16.1-62 4.

Three specimens of this species were found but only one is well enough
preserved to permit its recognition with certainty. This species matches
almost exactly the grain of Tilia americana, except in its possession of four
pores. Though the pollen of the living Tlia americana appears to be al-
ways three pored, that is no reason why other species should not have four
pores in all or some of their grains, because the number of germ pores pos-
sessed by a pollen grain, whether three, four, six or even higher numbers,
may be a specific, generic or family character, or merely a matter of indi-
vidual variation.

HALORAGIDACEAE

Myriophyllum ambiguipites sp. nov. (fig. 51). Oblately flattened and de-
cidedly angular in outline 21.6u in diameter. Pores four, abruptly protruding
above the surface of the grain and surrounded by a greatly thickened ring of
the exine, of the Befula pore pattern (fig. 36) with apertures slit-shaped and
converging in pairs. Exine slightly granular, particularly around the pores.
Holotype: 3—11.9-41.0.

Only a single specimen of this species was found. It matches exactly
with the grains of Myriophyllum spicatum L. and I believe that the rather
extreme and abrupt thickening of the exine surrounding the pores is dis-
tinctive. To some extent this fossil species resembles the grain of Alnus,
but lacks the connecting bands of the latter. It also resembles the four-
pored grains of Compionia, but the germinal apertures of these are never
slit-shaped, being instead, circular or broadly elliptical.

Myriophyllum has not been recorded from the Green River formation,
nor, so far as I am aware, elsewhere in the Tertiary.

Ericipites gen. nov.

Grains in tetrahedral tetrads, generally tightly appressed. Exine rather
thin, smooth or somewhat granular. Furrows of each grain of the tetrad three,
of various length in the different species; each contiguous and continuous
with one of the furrows of each of its three neighbors across the suture between
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their contact faces. Pores three, enclosed by the furrows, those of adjacent
furrows close to and facing each other across the suture.

Among the living species of Ericaceae the pollen grains of the majority
answer this description. But those of the Clethraceae and Monotropaceae
which are frequently, though probably mistakenly, included in the family,
are always single. Among the true Ericaceae the grains of many species,
as for example those of Rhododendron, Kalmia and some species of Erica
are provided with extremely slender ‘vicin’ threads which cause them to
become tangled together in large numbers as they leave their anthers.
There is much of a sameness of pollen form throughout most of the family,
but such characters as the size of the grains, the length and breadth of the
furrows, and the texture of the exine can sometimes be used to distinguish
the different genera from each other. Even among living species, however,
these distinctions are vague and difficult of interpretation, consequently
the present fossil genus is established to receive all fossil pollen which is
known to belong to the family Ericaceae, exclusive of the Clethraceae
and Monotropaceae, which are in reality almost unrelated to the true
Ericaceae.

A single species of Ericaceae, Andromeda delicatulo Lesquereux has
been previously recorded from the Green River formation (27), and the
genusis also found represented in the Florissant beds (18) and Raton for-
mation (36), but neither of the two fossil species recorded here match the
grains of living species of Andromeda. Pollen of several kinds of Ericaceae
are recorded from Tertiary brown coals of Europe (24, 41).

Ericipites longisulcatus sp. nov. (fig. 52). Tetrads 36-45.6u broad. Exine
mostly smooth but faintly roughened in some regions. Furrows long and
slender, tapering to their distal ends; the presence of pores enclosed by each
is indicated by a slight bulge near its proximal end. Holotype: 4-19.8-70.1.

Only two specimens of this species were found, and they are in actual
contact with each other. The faintly granular appearance of some parts
of the exine suggests that in life these grains were granular throughout, as
are those of most living Ericaceae. No vicin threads were observed, but
the fact that the only two specimens that were found are in contact with
each other is strong evidence that they arrived at their place of entomb-
ment tangled together by such threads. In the grains of Andromeda, the
only member of the Ericaceae so far recorded from the Green River forma-
tion, such threads are lacking; furthermore the furrows of the grains of
Andromeda are much broader and shorter than those of the present fossil
species, consequently it cannot be Andromeda. In thisand other characters
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the present fossil species resembles more closely the grains of some species
of Erica. ‘

Ericipites brevisulcatus sp. nov. (fig. 53). Tetrads 45.64 broad. Exine
smooth. Furrows short, Holotype: 8-5.5-62.8.

A single specimen of this species was found, and it is in so poor a state
of preservation that no details further than its general resemblance to the
Ericaceae could be seen. As far as these observations go it corresponds with -
Calluna vulgaris Salish. ' :

CAPRIFOLIACEARE

Caprifoliipites gen. nov.

Grains very small, among the smallest found in the oil shales, ellipsoidal,
tricolpate with furrows long and pointed, with conspicuous internally pro-
jecting furrow rims and pore rims. Exine coarsely reticulate.

Caprifoliipites viridi-fuminis sp. nov. (fig. 54). Grains 11.4-17 .1 broad
and 16.5-22.8y long. Holotype: 36-7.3-60.7.

These beautiful little grains are among the most abundant species in
the shales, and since they are nearly always perfectly preserved they form
one of the most conspicuous and characteristic elements of the shales,
hence their specific name. In form they match almost perfectly with the
grains of Viburnum, but in their small size they compare more favorably
with the very similar grains of Sambucus. Unfortunately, however, these
fossil grains represent a generalized type, so that their assignment to the
Caprifoliaceae is little more than a guess, though I believe it has a fair
degree of probability.

The Caprifoliaceae are not represented in the Green River flora but are
found in the Miocene Florissant of Colorado. Viburnum was an exceed-
ingly widespread and characteristic genus of Tertiary times occurring in
the Vermejo, Raton, Denver, Animas, Wilcox and Latah formations, so it
is to be expected in the Green River flora.

SUMMARY AND CONCLUSIONS

From the oil shales of the Eocene Green River have been described
forty-three species of fossil pollen, in thirty-four genera. All, except one,
are assignable to living genera or families. One species is an abietineous
grain belonging to an extinct genus. There still remain in the material
examined possibly twice as many more pollen species awaiting identifica-
tion.

The list of families and genera of plants that have been found to be
represented in this material by pollen is shown inTable I. Of these, twenty-
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nine species (21 genera) are new to the Green River flora, while only eight-
een species, in thirteen genera, are of genera already represented in the
Green River flora. This disagreement between the fossil pollen record and
the fossil record of other parts of plants, is apparently due, in part at least,
to the greater mobility of pollen. Twenty-nine of the pollen species were
probably wind borne, and most of these are of plants which do not grow
in or near water, so had little chance, except through their pollen, of ever
being represented in the oil shales, which were laid down in water. A
further study of the unidentified pollen in the material is likely to only
increase this disagreement, because the examination of the material was
prefaced by a study of the pollen of the living representatives of the Green
River flora, making their recognition fairly certain if encountered.

On the whole the flora, as indicated by the pollen record, was decidedly
less tropical in nature than that already recorded from the Green River
formation. This appears to have been due to the fact that the two records
are not entirely contemporaneous. In a private communication upon this
subject Dr. Bradley states, “On the basis of the varves or annual layers in
certain beds of the Green River formation, I have estimated that the
leaf-bearing horizons were deposited at least one million years later than
most of the pollen-bearing oil shales which you have been studying. The
basis for estimating this time interval is given in another paper of mine,
Professional Paper 158, in which I also discuss some aspects of the Green
River climate. According to this estimate the time interval between the
pollen beds and the greater part of the known Green River flora is amply
long for a rather distinct climatic change. In as much as some of the lower-
most beds in the Green River formation also contain a flora which is nearly
if not quite identical with that obtained from the uppermost beds, it seems
that the oil shale was formed during low stages of the lake under consider-
ably drier conditions than those prevailing either during the lower part of
the Green River epoch or during the latest phases of it. This idea is further
strengthened by the fact that salt crystal molds are commonly associated
with the oil shale beds.”

That the pollen beds were deposited during a period of extreme aridity
is confirmed by the finding of the pollen of Ephedra which is a desert plant.
Nevertheless the bulk of the pollen at exactly the same level was contrib-
uted by trees of a forest type similar to that of the northern and middle
Atlantic states of the present time, demanding conditions entirely different
from those congenial to Ephedra.

With such evidences at hand one can hardly refrain from hazarding
a reconstruction of the ancient Green River lake and the conditions sur-
rounding it. The lake must have lain in a hot desert valley, and have
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been fed by streams flowing into it from regions where there was heavier
rainfall. The lake was shallow and muddy, possibly consisting of a succes-
sion of small ponds, as suggested by Brown (17), for in the water grew
pondweeds (Potamogeton), water milfoils (Myriophyllum), and along its
margins arrow arum (Peltandra). Immediately surrounding the lake must
have been extensive marshy areas in which grew cypress (Taxodium), the
water pine (Glypiostrobus), some heaths, and quantities of willows (Salix),
and in less marshy regions a few palms and cycads amid the usual under-

brush, including such shrubs as the marsh elders or possibly viburnums,

and sumacs, and the usual tangle of vines as the wild grapes (Vitis) and
cat-briars (Swilax). Here also grew Myrica. Its pollen is of such a charac-
ter that it could have been carried from the hills several miles away, but
the presence of eight species already recorded by abundant material of
leaves and stems in the shales, suggests that the pollen came from species
which grew in or near the water.

All of these and the numerous other plants whose substance went to
make up the beds must have derived their moisture from the lake itself,
for the presence of Ephedra pollen in the shales indicates that the region
was surrounded by arid conditions not very far away, just as certainly as
the presence of salt crystal molds indicates that from time to time the lake
partly dried up. But the mountains surrounding the lake must have been
well watered, a condition which prevails in much of the arid regions of the
southwestern part of the United States today. At the higher altitudes
flourished a mesophytic forest, dominated by pines, firs, spruces, with a
sprinkling of hemlock, possibly Cedrus and one or more species of conifer
unknown to us. That this rich coniferous forest flourished a long way from
the lake is attested by the fact that it has hitherto only been represented
in the lacustrine deposits by a single winged seed and a small twig. Inter-
mingled with these, but in considerably lesser.numbers, were hickories,
walnuts and Engelhardtia, with birches and basswood barely able to main-
tain a foothold, and here and there a tulip tree or magnolia. Leading down
from these well watered mountains were small canyons in which grew
“hickets of alder and ironwood (Carpinus). That these did not grow near
tae lake itself is suggested by the absence, so far discovered, of their leaves
etc. in the shales.

Something should be said of the pollen which was not found, though,
of course, anything said on this score may be contradicted by further
studies. Herbaceous plants, apart from a few aquatics are not represented.

\n¢ among the aquatics, Typha and Sparganium were not found. Had
reft plants existed their pollen would very likely have been found for it is
ced in large quantities and is of such a character that it is not likely
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to be overlooked. Grasses are not represented but this may have been due
to the inability of their pollen to be preserved in the shales in recognizable
form, though it has frequently been recorded from Post-pleistocene de-
posits. The salt bushes (4 triplex), a genus of wind pollinated plants, abun-
dant in the region at the present time, are not represented by pollen in the
shales, nor are any other members of the Chenopodiaceae to which they
belong, nor the allied family, Amaranthaceae. But the most significant of
all is the entire absence of the great herbaceous family Compositae. Their
pollen is among the most easily recognized, and is of such a character that
it could scarcely have failed to be preserved, if present. The pollen of the
entomophilous members of the group, it is true, might never have reached
the lake, but it is scarcely possible that the anemophilous ragweeds or their
allies could have flourished within miles of the lake and not have 1€t their
record in the shales by their pollen. Nor do we find represented the great
anemophilous genus of the Compositae, the sagebrushes, which are abun-
dant throughout the region at the present time. Both of these groups, in at
least some of their species, delight in the conditions under which Ephedra
flourishes, and if they had been present their pollen would have had a much
better chance than that of Epkedra of reaching the lake, owing to the
smaller size of their grains and more prolific production. Therefore we are
forced to concludethat neither the ragweeds and their allies, nor the sage-
brushes were represented in the flora of the Green River Epoch. In this
connection it should be remembered that the Green River formation was
laid down early in the Eocene period. Therefore the absence from it of
terrestrial herbs is entirely in keeping with the thesis put forward by E.W.
Sinnott, that the herbaceous type was developed in temperate regions
during Eocene time in response to a progressive refrigeration. At this
period terrestrial types were only beginning to be developed.

In closing I wish to thank Dr. E. D. Merrill and the staff of the New
York Botanical Garden for the use of the herbarium, without which many
of the identifications achieved would have been impossible. I am also in-
.. debted to Dr. E. W. Berry for much of the literature on Tertiary floras and
" for valuable suggestions. But especially am I indebted to the late Dr.
Arthur Hollick with whom discussions of the various Tertiary floras were a
frequent source of inspiration and encouragement.

THE ArLINGTON CHEMICAL Co.,
YonkEers, N. Y.
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TABLE 12
List of families and genera represented in the Green River 0il shales
:'ég E ig E
LT wn & @
IEH AN | EE | Fe | 5
0 = A BT R = & 120 &l =1
Bl AE|E85] gk E| 8F | BEE| Ex
Cycadaceae Myricaceae .
Cycas 1 0 w? Myrica 1 8 w
Dioon 1 0 W? || Salicaceae
Coniferae Salix W-I
Abietineae Betulaceae
Pinus 3 1 W Alnus W
Picea 1 1 W Betula w
Abies 1 0 W Carpinus W
Cedrus i 0| w Ulmaceae
1 (Abietipites) 1 0 W Momisia W
& Tsuga 1 0 W Simarubaceae
Taxodineae Ailanthus I
Taxodium 1 0 W Anacardiacea
Glyptostrobus | 1 0 W Rhus I
Cunninghamia | 1 0 W Sapindaceae
Gnetaceae Talisia ?
Ephedra i 0 Vitaceae
Najadaceae Vitis ?
Potamogeton 1 0 I? Tiliaceae
Arecaceae Tilia
" (Arecipites) 2 4 w? Haloragidaceae
“.raceae Myriophyllum
> Peltandra 1 0 1 Ericaceae
vLiliaceae (Ericipites)
Smilax 3 0 I Caprifoliaceae
Magnoliaceae Sambucus
Liriodendron i 0 I
! Juglandaceae
Hicoria 2 1 W
Juglans i 5 w
Engelhardtia 1 0 w

® This list should be compared with the list of the families and genera of the known Green
River flora, compiled from Knowlton and Brown, and which has been published in the first article
o. the present series (46).
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