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PaLynoLocy oF THE ReEp Brance MEMBER
oF THE. WOODBINE FORMATION (CENOMANIAN),
Bryan County, OKLAHOMA

Ricaaro W. HepLunp*

ABSTRACT

The Red Branch palynological assemblage includes 74 forms of spores and pollen
grains and 1 probable gymnospermous ovule, assigned to 45 genera and 71 species; 4
forms are unassigned. Twen{y-one species and one genus are described as new. 'The
palynomorph flora can be subdivided into five natural assemblages:

bt

Bryophyte-psilopsid-lycopsid-filicinean assemblage
Cycadalean-ginkgoalean assemblage

Coniferalean asserublage

Ephedralean assemblage

Angiosperm assemblage

e

Ttk co

The absence of marine palynomorphs in the Red Branch shales indicates a non-
marine depositional environment. The assemblage suggests a warm-temperate to
tropical climate during which the Red Branch sediments were deposited in numerous,
local, swampy basins along the Cenomanian ceastal plain. Upland floristic elements,
such as the conifers, were probably derived from cooler clevated areas to the north.
The closest palynologic correlation appears to be with the Cenomanian of Minnesota.

INTRODUCTION

The Woodbine Formation of Late Cre-

»us age has been the subject of numerous
paleontological studies, among which the
works of Berry (1922), Adkins and Lozo
(1951), Stephenson (1952), and MacNeal
(1958) are perhaps the more notable. Their
detailed investigations of megafossils have
added mueh to our knowledge of Woodbine
biostratigraphy and paleoecology, but to date,
no palynological studies dealing with the
Woodbine Formation have been published.

In 1960, Curtis reported the occurrence
of a coal-clay sequence in Bryan County,
Oklahoma, which he assigned to Bergquist’s
(1949) Red Branch Member of the Woodbine
Formation. A preliminary palynological in-
vestigation of some of Curtis’ samples reveal-
ed an abundant and well-preserved assemblage
of spores and pollen which, together with

*Pan American Petroleum Corporation, Tulsa, Olkla.

additional collections made by the author from
eight measured outcrop sections, constitute the
materials for this report.

A palynological investigation of the coals
and clays of the Red Branch Member was
begun during the summer of 1961. A total
of 74 forms of palynomorphs, of which 21 are
deseribed as new species, is presented in this
report. The probable biological affinities of
these fogsils have heen established wherever
possible in order to examine the ecological
implications by comparisons with modern
environments. In addition, the relationships
of this assemblage fo other palynological and
paleohotanical assemblages of the same rela-
tive age are discussed.

The writer is indebted to L. R. Wilson,
Research Professor of Geology at The Uni-
versity of Oklahoma, who directed the doc-
toral dissertation which is the foundation of
this report. Thanks are due Carl C. Branson,
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Director of the Oklahoma Geological Survey,
and B. 8. Venkatachala, Birbal Sahni Insti-
tute of Palaeobotany, for their valuable advice
during the progress of the work; to Karl R.
Newman and Donald W. Engelhardt, Pan
American Petroleum Corporation, for adviee
and critical reading of the manuseript; and
to Charles L. Rowett, University of Alaska,
for assistance in the field. Acknowledgment

is also extended to the many specialists and
authorities who have assisted In various
phases of this work. The Oklahoma Geologi-
cal Survey and the National Science Founda-
tion provided financial assistance, and the
National Science Foundation (Grant 6589)
made available necessary equipment and sup-
plies.



GEOLOGY

The Cenomanian Woodbine Formation is
the oldest Upper Cretaceous unit in the Guli
Coagtal Plain. It was named by Hill (1901)
for the village of Woodbine, Cooke County,
Texas. He originally subdivided the forma-
tion into two divisions: an upper fossiliferous
division which was called the ‘‘Lewisville
beds,”” and a lower unfossiliferous portion
which was designated the ‘‘Dexter beds.”’

A detailed map of the Woodbine Forma-
tion in Grayson and Cooke Counties, Texas,
was subsequently prepared by Bergquist
(1949). He subdivided the Woodbine Forma-
tion as follows:

Templeton (argillaceous) Member

Lewisville (arenaceous glauconitie)
Member

Red Branch (argillaceous) Member

Dexter (arénaceous) Member

Bergquist deseribed the Red Branch Member

as follows:
At its type locality near the Red Branch
community in northwestern Grayson
County, the Red Branch Member consists
of distinctive tuffaceous sandstone, car-
bonaceous shale, and lignite. KElsewhere
the Red Branch Member also includes
sandy shale and ferruginous sandstone,
the entire sequence being from 50 to &0
feet thick . . . . Downdip the beds be-
come increasingly marine . . . . The Red
Branch Member is thus probably recogniz-
able only in the Red River area.
He also noted the presence of leaf imprints
in the ferruginous sandstones of the Red
Branch Member, a type of fossil not found
in its outerops in Bryan County, Oklahoma.
The sediments here assigned to the Red
Branch Member have been found in Bryan
County as far east assee. 29, T. 78, R. 13 E,,
and as far west as sec. 16, T. 7 8., R. 10 E.
(text-fig. 1). No outerops of the Red Branch

Member were located west of seciion OPC

842, SW1, SW1, SW14 see. 16, T. 7 S, R.
10 BE. Curtis (1960) discovered coal float on
the west side of Coal Creek in SE14 see. 2,
T.8 8., R. 8 E., and in a stream bed in NE1j
NE14 NE1 see. 27, T. 7S, R. 8 E. He also
found black carbonaceous shale and purplish-
brown shale cropping out in NE14 NE4
NE14 see. 13, T. 7 S, R. 9 E. This evidence
suggests that the coals may extend into the
western part of Bryan County.

Bergquist (1949) and Curtis (1960)
reported thiat the entire sequence of tuffa-
ceous sandstone, ferruginous sandstone, car-
bonaceous shale, and coal does not occur any-
where in a single locality, an opinion here
coneurred with. In Bryan County, no tuff-
aceous sandstone was found in the sections
chosen for this study. Further, the ferrug-
inous sandstone is not traceable across the
eastern part of the county. When the meas-
ured sections of the Red Branch Member in
this area are compared, it can be seen that
none of the individual beds is traceable for
even a short distance. It is probable, there-
fore, that the sedimentary wunits within the
Red Branch Member are not continuous
throughout the area studied, but oceur in
lenticular patches.

Few other oceurrences of Cretaceous coals
are known in Oklahoma. Stephenson (1918)
reported a coal exposed on the south bank of
the Red River in the Woodbine Formation.
At the time that collections for the present
study were made, this exposure was under
water and consequently inaccessible for study.
This unit may be part of the Red Branch
Member. Davis (1960) reported the presence
of coal in the Upper Cretaceous of southern
MecCurtain County. Potter (1963) published
an emendation of the spore genus Arcellifes
from a coal in the Lower Cretaceous Omadi
Formation of Cimarron County, Oklahoma.



COLLECTIONS

Eight sections of the Red Branch Mem-
ber of the Woodbine Formation were mea-
sured and collected with the assistance of C.
L. Rowett during the summer of 1961 (text-
fig. 1). Segment samples, generally 2 inches
long, were collected vertically through the
coal seams. No definite underclays or roof
shales were found in any of the sections.
Samples were also collected of shales where
they appeared carbonaceous or sufficiently

RICGE RIIE

fresh for palynological investigations. Each
section was assigned an Oklahoma Palyno-
logical Collection (OPC) number, and each
sample was designated A, B, C, ete., from the
bottom of the section upward. Lithologic
descriptions of the sections are given in the
appendix. The unused portion of each
sample is stored in the palynological collec-
tions of the Oklahoma Geological Survey,
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SAMPLE PREPARATION AND STUDY

The sample-preparation methods employ-
ed in this study are essentially those used by
the Oklahoma Geological Survey. Ten grams
of each sample were placed in polyethylene
beakers and covered with 52-percent hydro-
fluoric acid for 24 hours. These samples
were washed in distilled water several times
to remove the excess acid. The damp residues
were mixed with an equal volume of dry
powdered potassium chlorate and covered
with concentrated nitric acid. Each sample
was allowed to stand for 4 to 6 hours and the
residues were again washed until free of acid.
They were then treated with a saturated
solution of potassium carbonate for 5 to 10
minutes, and the maceration progress of each
sample was checked carefully during this
time. The potassium carbonate was neutral-
ized and eventually removed by washing with
distilled water. Fossil palynomorphs were

stained with Safranin 0. Approximately
twenty slides of each sample were prepared
from a mechanically concentrated fossil prep-
aration using Clearcol as a mounting medium.
The unused portions of sample residues are
stored In an aqgueous medivm with a few
drops of acetic acid added as a preservative.
Each slide was studied by horizontal traverses
and the microfossils selected for photograph-
ing were ringed with black glass-marking ink.
Specimen notations used here refer to Okla-
homa palynological collection (OPC) section,
sample, slide, and ring numbers. The select-
ed specimens were photographed with a Leitz
Ortholux microscope and Orthomat camera
using 35-mm Adox KB-14 film. All speci-
mens 1llustrated in this report and the samples
from which they were obtained are in the
palynological collection of the Oklahoma
Geological Survey.
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DESCRIPTIVE PALYNOLOGY

The taxonomic system used in this paper
employs as a guide the works of R. Potonié
(1956, 1958, 1960). The probable natural
affinities of most of the palynomorphs de-
seribed in this paper are discussed in an
attempt to arrive at a near-natural grouping.

The relative abundance of each fossil
species, expressed in the text as rare, uncom-
mon, common, and abundant, is based upon

a count of 200 specimens from each sample.
The following scale is an approximate indiea-
tion of the percentages indieated by the above
terms. |

Rare less than 2.6 percent
Uncommon  2.6-5.5 percent
Common 5.6-9.8 percent
Abundant more than 9.9 percent

SPORAE DISPERSAE

‘Anteturma SPORITES H. Potonié, 1893

Fungus Spore Type A
PlL 1, fig. 1

Description. Spores inaperturate,
curring in clusters or as individuals; cell wall
0.5 micron thick, smooth, ovoid; over-all di-
mensions 15.0 to 21.0 microns.

Oceurrence. Uncommon. Fungus spore
type A oceurs in most levels of the Red
Branch sediments.

Tllustration.

oc-

Specimen OPC 843 F-5-2.

Fungus Spore Type B
Pl 1, fig. 2

Description. Spore chain two or more
septate, bilateral ; spores inaperturate, 3 to 4
in number; over-all length of chain 27.5 to
30.0 microns ; average spore diameter approxi-
mately 15.0 microns; spore walls 1.0 to 1.25
mierons thiek, smooth.

Occurrence. Rare, 'This spore type was
recovered from several levels in section OPC
843,

Affinity. This spore chain closely resem-
bles that of modern Brachysporium (Fungi
imperfecti). Brachysporium is saprophytic
on wood and bark.

Illustration. Specimen OPC 843 H-6-1.

Fungus Spore Type C
PL 1, fig. 3

Description. Spores circular to ovoid in

polar view; exine two-layered ; intexine thick,
smooth; exoexine thick, dark, smooth, en-
veloping intexine much as a cup ; in equatorial
view, exine cup-shaped and covered by an
operculum. Polar diameter of grain 25.0 to
32.5 microns; diameter of operculum 20.0 to
30.0 microns.

Occurrence. Spores referred to fungus
spore type C were not counted in the assem-
blage counts of the Red Branch sediments.

Affinity. Unknown.

Tllustration. Specimen OPC 845 I-2-1.

Turma Treres (Reinsch, 1881)
emend. R. Potonié and Kremp, 1954

Subturma AZzoNorrILETES Luber,

1935

Infraturma Laevieati (Bennie and
Kidston, 1886) emend. R. Potonié
and Kremp, 1954.

Genus DELTOIDOSPORA (Miner, 1935)
R. Potonié, 1956

Type species: Deltoidospora hallic Miner,
1935 (p. 618; pl. 24, figs. 7-8).

Deltoidospora hallii Miner, 1935
Pl 1, figs. 4a,b

Occurrence. Abundant. In levels A,
C, K, and D of seetion OPC 842 this species
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amounts to less than 2.0 percent of the total
assemblage count. In all other levels it is
well represented, occurring in greatest abun-
dance in sections OPC 822 and OPC 845.
This species is an important element of the
Red Branch flora.

Distribution. Deltoidospora hallii was
described from the Cretaceous Kootenal
Formation of Montana by Miner (1935).
Brenner (1963) reported it from the Creta-
ceous Potomac Group of Maryland. Deltoid-
ospora hallis was recovered from the Lower
Cretaceous of Canada by Singh (1964) and
from the Upper Cretaceous Vermejo Forma-
tion of Colorado by Clarke (1963). It has
been reported from the pre-Selma Cretaceous
of Alabama by Leopold and Pakiser (1964).

Affinsty. Miner (1935) reported Del-
toidospora hallit to be closely related to the
Mesozoic fern genera @leichenites, Gleichemi-
opsis, and Laccopteris. The spore is treated
here as 3 member of the family Gleicheniaceae.

Illustrations. Specimens OPC 845 F-3-3,
OPC 845 F-5-1.

Genus SPHAGNUMSPORITES Raatz, 1937

Type species: Sphagnumsporites stercoides
(R. Potonié and Venitz, 1934) R.
Potonié, 1956.

Sporites stereoides R. Potonié and Venitz
(p. 11; pl. 1, fig. 4).

Sphagrumsporites stereoides (R. Potonié
and Venitz, 1934) R. Potonié (p. 17).

1934

1956

Sphagnumsporites psilatus (Ross, 1949)
Couper, 1958
PL 1, fig. 5

1949 Twrilites psilatus Ross (p. 32; pl. 1, fig. 12).
1958 Sphagnumsporites psilatus (Ross, 1949)
Couper (p. 131; pl. 15, figs, 1-2).

Occurrence. Uncommon. Specimens re-
ferred to Sphagnumsporites psilatus occur in
varying abundance throughout most sections
of the Red Branch sediments. They are most
abundant in section OPC 844, where they
reach a maximum of 21.5 percent of the total
assemblage count of the lowermost coal.

Distribution. Ross (1949) deseribed this
fossil species from the Upper Cretaceous of
Sweden. Couper (1958) recovered specimens
of 8. psiladus from the Jurassic and Lower

Cretaceous of Britain. In 1961, Groot, Pen-
ny, and Groot reported this species from the
Upper Cretaceous Magothy Formation of
Maryland. Sphagnumsporites psilatus was
recovered from the Lower Cretaceous of Can-
ada by Singh (1964). Clarke (1963) report-
ed 8. cf. S. psilatus from the Upper Creta-
ceous Vermejo Formation of Colorado.
Affimity. Sphagnumsporites psilatus is
undoubtedly the spore of a Mesozoic Sphag-
nUM.
Hllustration. Specimen OPC 844 J-28-1.

Genus CYATHIDITES Couper, 1953

Type species: Cyathidites australis Couper,
1953 (p. 27; pl. 2, figs. 11-12).

Cyathidites australis Couper, 1953
PL 1, fig. 12

Occurrence. Uncommon. Cyathidites
austrelis has a restricted occurrence through-
out the Red Branch sediments, appearing in
25 of the 56 productive samples as a minor
element of the palynological assemblage. In
these samples it nowhere occurs in excess of
5.5 percent of the total assemblage count.

Distribution. Couper (1953, 1958) re-
ported Cyathidites australis from the Jurassie
and Lower Cretaceous of Britain and Austral-
asia. Dettmann (1963) recovered this spe-
cies from the Upper Mesozoic of southeastern
Australia. It was reported from the Lower
Cretaceous Mannville Group of Canada by
Singh (1964).

Affintty. The spores referred to here
as Cyathidites australis were reported by
Couper (1953) as having both cyatheaceous
and dicksoniaceous affinities.

Ilustration. Specimen OPC 843 E-2-3.

Cyathidites punctatus (Delcourt and
Sprumont, 1955)
Delcourt, Dettmann, and Hughes, 1963
PL 2, figs. 3a,b

1955 Concavisporites punciatus Delcourt and
Sprumont (p. 25; pl. 1, fig. 8; pl. 2, fig. 2).

1955 Concavisporites baldurnensis Delcourt and
Sprumont (p. 24; plL. 1, fig. 7).

1955 Cingulatisporites cavus Delcourt and
Sprumont (p. 38; fig. 8).

1963 Cyathidites punclaius (Delcourt and Spru-

mont, 1955) Deleourt, Dettmann, and Hughes
(p. 283 pl. 42, figs. 1-4).
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Occurrence. Uncommon. Cyathidites
punctatus nowhere exceeds 3.5 percent of the
total population count of any level. Gener-
ally, the species is most common and persis-
tent in measured sections OPC 842, OPC 843,
and OPC 844.

Distribution. This species was described
from the Wealden of Belgium (Delcourt and
Sprumont, 1955). Couper (1958) reported
it as Concavisporites punctatus from the Brit-
ish Wealden and Aptain. Dettmann (1963)
recovered this species from the Upper Meso-
zoic of southeastern Awustralia. Cyathidites
punctatus was reported by Brenner (1963)
from the Potomac Group of Maryland and by
Leopold and Pakiser (1964) from the pre-
Selma of Alabama. This species has been re-
ported from the Lower Cretaceous of Canada
by Pocock (1962) and by Singh (1964).

Affinity. Delcourt and Sprumont
(1955) suggested a gleicheniaceous affinity
for this species, but Couper (1958) believed
Concavisporites punctalus to be more closely
related to the families Cyatheaceae and Dick-
soniaceae. Bolkhovitina (1961) described a
closely similar form, Lygodium asper. Spores
referred to Cyathidites punctatus are most
likely related to the schizaeaceous genus Lygo-
diwnt, and are here treated as such.,

Hlustrations. Specimens OPC 843 H-4-1
and OPC 843 H-6-2b.

Cyathidites minor Couper, 1953
Pl 2, fig. 2

Qccurrence. Common. Fossil spores re-
ferred to Cyathidites minor were recovered
from most Red Branch samples. This species
is represented by 21.0 percent of the total as-
semblage in sample OPC 842 E.

Distribution. Couper (1953, 1958) has
reported this species from the Jurassic and
Lower Cretaceous of New Zealand and Eng-
land. Balme (1957) and Dettmann (1963)
recovered Cyathidites minor from the Upper
Mesozoic of Australia. In Canada, this spe-
cies has been reported from the Lower Creta-
ceous by Singh (1964) and from the Jurassie
through Upper Cretaceous by Pocock (1962).
Brenner (1963) recovered C. minor from the

Cretaccous Potomae Group of Maryland. It
has been reported from the Upper Cretaceous
Tuscaloosa Formation of the Atlantic Coast
by Groot, Penny, and Groot (1961).
Affinity.  Cyathidites minor was prob-
ably derived from a Mesozoic Lygodium, being
similar in shape and possessing a trilete ray
character similar to that of C. punctatus.
Illustration. Specimen OPC 845 I-14-1.

Genus CONCAVISPORITES Pflug, 1953

Type species: Concovisporites rugulatus
Pflug, 1953 (p. 49; pl. 1, figs. 22-23).

Concavisporites subgranulosus Couper, 1958
PL 1, fig. 10

Remarks. The Red Branch specimens of
this species are somewhat larger than those
reported by Couper (1958), the size range
being 42.5 to 50.0 microns. This difference
in size may be due in part to the fact that
Couper’s specimens were not well preserved.

Occurrence. Rare. Specimens of Con-
cavisporites subgranulosus are restricted to
four levels of Red Branch shales and nowhere
amount to more than 1,5 percent of the total
assemblage count.

Distribution. Concavisporites subgran-
ulosus was described by Couper (1958) from
the lower Liassic and Middle Jurassic of Brit-
ain.

Affinity. Fossil spores referred to this
species eclosely resemble the spores of the
modern tree fern Cyathea dealbata, which oe-
curs in forests from sea level to 2,500 feet in
New Zealand (Harris, 1955).

Illustration. Specimen OPC 845 A-13-1.

Cencavisporites cf. C. jurienensis Balme, 1957
Pl 1, figs. 11a,b

Occurrence. Uncommon. Specimens of
Concavisporites cf. C. jurienensis are well
preserved and occur in five sections of the
Red Branch sediments. They nowhere make
up more than 5.0 percent of the total assem-
blage count of any level.

Distribution. Balme (1957) deseribed
this species from the Lower Jurassic of west-
ern Australia. Pflug (1953) described a
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simnilar form, Concavisporites rugulatus, from
the Paleocene of Hannover which differs from
Balme’s species in having strongly concave
sides. Concavisporites cf. C. jurienensis has
been reported as Concavisporites type E by
Saad (1963) from the Jurassic of the Sinai
region.

Affinaty.
cheniaceae.

Illustrations. - Specimens OPC 821 A-5-1
and OPC 821 A-1-1.

Probably related to the Glei-

Cencavisporites sp.
Pi 1, fie. O
Spores trilete. radial; lae-
surae long, extending to equator, bordered by
arcuate thickenings; equatorial contour tri-
lobate, sides strongly concave; spore wall
approximately 1.0 micron thick, smooth ; diam-
eter ranges from 15.0 to 17.5 microns.

Occurrence. Rare. Five specimens of
Concavisporites sp. were observed during
assemblage counts, and only one specimen was
properly oriented for study. For this rea-
son, Concavisporites sp. is not named In this
report.

Affinity. Not known.

Ilustration. Specimen OPC 844 K-21-6.

Deseription.

Genus MATONISPORITES Couper, 1958

Type species: Matonisporites phlebopteroides
Couper, 1958 (p. 140; pl. 20, figs. 15-17).

Matonisporites cf. M. equiexinus Ccuper,
1958
PlL 2. fig. 4

Occurrence. Uneommon. This species
was recovered from both the coals and shales
of the Red Branch Member. It occurs in
greatest abundance in section OPC 844 and
iy present in all other sections except OPC
822.

Distribution. Couper (1958) described
the species from the Jurassic and Lower Cre-
taceous of Britain.

Affinity. Couper has compared fossil
spores referred to Matonisporites equiexinus
to the spores of the modern fern Matonia
vectinate. His interpretation is not followed

in this paper because the fossil species more

closely resembles the spores of the modern

schizaeaceous ferns Amnemia and Lygodium.
Illustration. Specimen OPC 844 1-10-4.

Matonisporites impensus, new species
Pl. 2, figs. 1a,b

Description. Spores trilete, laesurae
reaching almost to the equator; commissures
raised and flanked by a distinet margo; equa-
torial contour rounded-triangular, sides in
all cases distinetly convex; wall of spores 4.5
to 5.0 microns thick, smooth.
ranges from 57.5 to 76.0 microns.

Holotype. Specimen OPC 845 1-14-2.
Over-all dimensions 756.0 by 71.5 by 69.5 mi-
crons.

Remarks. Matonisporites impensis, new
species, differs from Matonisporites equiexs-
nus Couper, 1958, in its larger size and thicker

Diameter

spore wall. The specific name refers to the
large size of this form.
Occurrence. Rare. This fossil species

was observed in sections OPC 824 and OPC
845,

Affimty. Matonisporites tmpensus, new
species, is similar to spores of the modern
fern genus Lygodium.

Illustrations. Specimens OPC 845 1-14-2
and OPC 845 F-1, 54.5 x 113.4.

Genus CALAMOSPORA Schopf, Wilson, and
Bentall, 1944
Type species: Calamospora hartungiana
Schopf, 1944, 4n Schopf, Wilson, and
Bentall (p. 51-52; fig. 1).

Calamespora cf. C. mesozoica Couper, 1958
Pl 2, fig. 5

Rare. Spores referred to
Calamospora cf. C. mesozoica occur in most
levels. This form is persistent, but in no case
amounts to more than 4.0 percent of the total
assemblage count of any level.

Distribution. Couper (1958) described
this species from the Lower and Middle Jur-
assic of Great Britain. Clarke (1963) report-
ed C. mesozoica from the Upper Cretaceous
Vermejo Formation of Colorado.

Occurrence.
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Affinity. Calamospora is a Paleozoic
genus in which is placed spores of probable
calamarian affinities (Schopf, Wilson, and
Bentall, 1944). Couper (1958) related Cala-
mospora mesozoica to Neocalamites nathorst
Erdtman.

Illustration. Specimen OPC 844 H-25-9.

Genus TODISPORITES Couper, 1958

Type species: Todisporites major Couper,
1958 (p. 134; pl. 16, fig. 6).

Todisporites minor Couper, 1958
Pl 2, fig. 6

Occurrence. Rare. Fossil spores referr-
ed to Todisporites minor were recovered from
most Red Branch samples, but in no case ex-
ceeded 1.0 percent of the total assemblage
count.

Distribution. Couper (1958) described
Todisporites minor from the Jurassic of Great
Britain. Pocock (1962) and Singh (1964)
reported it from the Jurassic and Lower
Cretaceous of Canada. Brenner (1963) found
this species in the Cretaceous Potomac Group
of Maryland. Clarke (1963) recovered T.
manor from the Upper Cretaceous Vermejo
Formation of Colorado.

Affinity. Todisporites minor is compa-
rable to the spores of the osmundaceous fern,
Todea.

Ilustration. Specimen OPC 844 {-21-3.

Infraturma Aricurart (Bennie and Kidston,
1886) emend. R. Potonié, 1956

Genus TRILITES (Cookson, 1947) Couper,
1953

Type species: Trilstes tuberculiformis Cook-
son, 1947 (p. 136; pl. 16, figs. 61, 62).

Trilites sp.

Pl 2, fig. 8
Description. Spores trilete, laesurae
long, reaching to equator; equatorial contour
rounded-triangular, sides straight to conecave;
spore wall 1.0 micron thick; proximal face
smooth and folded ; distal face with granules
projecting 1.0 micron above the surface and

about 1.0 micron apart, forming a negative
reticulum. Diameter ranges from 23.0 to 25.0
microns.

Occurrence. Rare. Only three speeci-
mens of this fossil spore were observed and,
although it is a distinetive type, it is not
named here.

Affinity. Probably filicalean.

Iustration. Specimen OPC 845 H-12-3.

Genus OSMUNDACIDITES Couper, 1953

Type species: Osmundacidites wellmanit
Couper, 1953 (p. 20, pl. 1, fig. 5).

Osmundacidites wellmanii Couper, 1953
PL 2, fig. 7

Occurrence. Uncommon. Fossil spores
referred to Osmundacidites wellmany are re-
stricted to certain sections of the Red Branch
sediments. They do not oceur in sections
OPC 821 and OPC 822 and are rare in section
OPC 845. In section OPC 824 this species
makes up between 1.0 and 3.0 percent of the
total assemblage count. It is most abundant
in sections OPC 842, OPC 843, and OPC 344.

Distribution. Couper (1953) reported
this species as ranging from the Jurassic fo
the Tiower Cretaceous. Dettmann (1963) re-
covered O. wellmanti from the Upper Mesozoic
of southeastern Awustralia. This species was
reported from the Lower Cretaceous of Cana-
da by Singh (1964) and from the Upper
Cretaceous Vermejo Formation of Colorado
by Clarke (1963). Osmundacidites wellmansi
Couper, 1953, is strikingly similar to Conos-
mundasporites Klaus, 1960, from the Alpine
Triassic.

Affinity. Spores referred to Osmunda-
cidites wellmanie Couper, 1953, closely re-
semble those of two modern osmundaceous
ferns, Todea and Leptopteris. The papillae
of Todea are longer than those of Leptopteris,
but otherwise these two modern spore genera
are morphologically similar. The ornamenta-
tion of Osmundacidites wellmanii 13 grada-
tional between large granules and true pa-
pillae, the papillate forms being the more
common.

Ilustration. Specimen OPC 844 J-2-2,
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Osmundacidites cf. 0. comaumensis
(Cookson, 1953) Cookson and Dettmann,

1958
Pl 2, fig. 9

1958 Trilites comaumensis Cookson (p. 470; pl. 2,
figs. 27, 28).

1956 Baculatisporites comaumensis  (Cookson,
1953) R. Potonié (p. 33).

1958 Osmundacidites  comaumensis {Cookson,
1953) Cookson and Dettmann, (p. 100-101).
Occurrence. Rare. Specimens of Os-

mundacidites cf. 0. comaumensis occur only
in three levels of the Red Branch sediments
in insignificant amounts.

Distribution. Cookson (1953) described
this species from the ‘‘Pre-tertiary’’ Comaum
clays of Awustralia. Cookson and Dettmann
(1958) recovered it from the Lower Creta-
ceous of Australia. Dettmann (1963) report-
ed 0. comaumensis from the Upper Mesozoic
of Australia.

Affinity. TFossil spores referred to Os-
mundacidites ef. 0. comaumensis resemble
those of the modern Osmundaceae.

Illustration. Specimen OPC 844 D-1-3.

Subturma PyroeorLoTriLETES R. Potonié, 1956

Genus BALMEISPORITES Cookson and

Dettmann, 1958
Type species: Balmeisporites holodictyus
Cookson and Dettmann, 1958 (p. 42; pl.

2, fig. 1).

Balmeisporites glenelgensis Cookson and
Dettmann, 1958
Pl 5, figs. 1a,b
Rare. This ‘‘large spore’’

rarely oceurs in the total assemblage count
of any level. Undoubtedly many specimens
of this species were lost during the gravita-
tional separation methods used in this study.

Distribution. Cookson and Dettmann
(1958) reported Balmeisporites glemelgensis
from the Upper Cretaceous sediments of Vie-
toria, Australia.

Affinsty. Not known.

Lllustrations. Specimens OPC 844 J-20-1
and OPC 843 I-4-1.

Occurrence.

Turma ZonaLes (Bennie and Kidston, 1886)
R. Potonié, 1956

Subturma AurrToTRILETES R. Potonié and

Kremp, 1954

Infraturma AwuricuraTi R. Potonié and
Kremp, 1954

Genus APPENDICISPORITES Weyland and
Krieger, 1953
Type species: Appendicisporites tricuspida-
tus Weyland and Greifeld; 1953 (p. 42;
pl. 11, fig. 54).

Remarks. The generic name was pro-
posed by Weyland and Krieger who designat-
ed Weyland and Greifeld’s species, A. tre-
cuspidatus, deseribed in the same publication,
as the type species.

Appendicisporites tricornitatus Weyland and
Greifeld, 1953
Pl 4, figs. 4ab

QOccurrence. Uncommon, Fossil spores
referred to Appendicisporites tricornitatus oc-
cur in percentages ranging from 0.5 to 12.5
percent of the total assemblage count.

Distribution. Weyland and Greifeld
(1953) described this species from the lower
Senonian of Germany. Delcourt and Spru-
mont (1955) reported A. tricormitatus from
the Wealden of Belgium. In 1958, Couper
recorded the fossil spore from the Wealden
and Aptian sediments of DBritain. Singh
(1964) reported it from the Lower Creta-
ceous Mannville Formation of Canada. Groot
and Penny (1960) and Brenner (1963) re-
covered this species from the Lower Creta-
ceous sediments of the Atlantic Coastal Plain.
Groot, Penny, and Groot (1961) extended
the range of A. fricornitatus to the Upper
Cretaceous in the same area. The species has
been reported from the Upper Cretaceous
Vermejo Formation of Colorado (Clarke,
1963). _

Affinity. These fossil spores are similar
to the spores of Anemia tomentosa.

Illustrations. Specimens OPC 843 H-6-2a
and OPC 844 K-6-2.
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Appendicisporites undosus, new species
Pl 4, figs. 2a,b

Description.  Spores trilete, laesurae ap-
proximately three-fourths radius of spore,
commissures indistinet; equatorial contour
rounded-triangular, sides convex: ornamenta-
tion consists of undulose ribs parallel to equa-
tor on proximal and distal faces; ribs extend
beyond equator in apical areas forming tap-
ering appendages with rounded ends approxi-
mately 6.0 microns wide and 6.0 to 10.0 mi-
crens long; ribs 4.0 microns to 6.0 microns
wide, approximately 2.0 microns apart. Di-
menstons range from 45.0 to 62.0 mierons.

Holotype. Specimen OPC 843 H.1.2.
Over-all dimensions 60.0 microns.

Occurrence. Uncommon. This species
was recovered from most Red Branch samples.

Affinity. This species is similar to the
spores of modern Anemaia.

lllustrations. Specimens OPC 843 H-1-2
and OPC 843 I-1, 56.6 x 120.

Spore Type A
PL 4, fig. 3 -

Description.  Spore trilete, radial; lae-
surae approximately three-fourths radius of
spore, simple, bordered by thin area where
sexine is absent; equatorial contour rounded-
triangular, sides convex; gpore wall smooth,
1.0 micron thick; apical areas with rounded
appendages approximately 8.0 microng long.
Diameter of spore 46.0 microns including ap-
pendages.

Occurrence. Rare. Omne specimen of
spore type A was recovered from sample OPC
843 A.

Affimity. Spore type A is probably re-
lated to the family Schizaeaceae.

Lllustration. Specimen OPC 843 A.2,
50.5 x 114.8.

Subturma ZonotriieTes Waltz, 1935

Infraturma Cincurat R. Potonié and Klaus,
1954

Genus CINGULATISPORITES Thomson, in
Thomson and Pflug, 1953
Type species: Cingulatisporites levispeciosus
Pflug, 1953, 4n Thomson and Pflug, 1953
(p. 58; pl. 1, fig. 16).

Cingulatisporites cf. C. levispeciosus Pflug,
1953
Pl 1, fig. 6

Occurremnce. Rare. Cingulatisporites cf.
C. levispeciosus in no case amounts to more
than 2.3 percent of the total assemblage count
of the seven levels in which it is found.

Distribution. Thomson and Pflug
(1953) reported this species from Hannover,
ranging from the Danian (?) to the Paleo-
cene. Clarke (1963) recorded an occurrence
of Cingulatisporites ctf. C. levispeciosus in
the Vermejo Formation of Colorado. In
1961, Pierce described a similar form from
the Upper Cretaceous of Minnesota, which he
named Cinguiriletes densocingulatus.

Affinity. Fossil spores referred to Cing-
ulatisporites cf. C. levispeciosus resemble the
spores of modern Sphagnum.

Ilustration. Specimen OPC 845 1-17-2,

Genus GLEICHENIIDITES (Ross, 1949)
Delcourt and Sprumont, 1955

Type species:  Gleichensidites senonicus
(Ross, 1949) Delcourt and Sprumont,
1955,

1949  Gleicheniidites senonicus Ross (p. 31; pl. 1,
figs, 3, 4).

lleicheniidites senonicus (Ross, 1949) Del-
court and Sprumont (p. 26).

1955

Gleicheniidites senonicus (Ross, 1949)
Delcourt and Sprumont, 1955
PL 1, fig. 7

Occurrence.  Uncommon. This species
was recovered from all samples of Red Branch
sediments.

Distribution. Ross (1949) described 6.
senonicus from the Cretaceous of Scania. Tt
has been reported from the Wealden by Del-
court and Sprumont (1955). Singh (1964)
recovered this species from the Liower Cre-
taceous Mannville Group of Canada. Gles-
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cheniicites senonicus was reported from the
Cretaceous Potomac Group of Maryland by
Brenner (1963). Pierce (1961) described
a similar form, Cingutriletes interruptus,
from the Upper Cretaceous of Minnesota.

Affinity.  Fossil spores referred to Gles-
cheniidites senonicus are similar to spores of
the family Gleicheniaceae.

Illustration. Specimen OPC 845 J-20,
60.9 x 114.9.

Gleicheniidites confossus, new species
Pl 1, figs. 8a-c

Description.  Spores trilete, laesurae
long, reaching to equator; kyrtome distinet,
equatorial contour triangular, sides straight
to coneave; spore wall 1.0 to 1.5 microns
thick, pitted; pits less than 1.0 micron wide.
Diameter ranges from 25.0 to 42.0 microns.

Holotype. Specimen OPC 843 E-24.
Over-all dimensions 32.4 by 33.5 microns.

Eemarks. This species differs from G@.
senonicus (Ross, 1949) Delcourt and Spru-
mont, 19585, in its typical pitted ornamenta-
tion. The specific name refers to the pitted
spore wall.

Occurrence. Abundant. Gleichenundites
confossus, new species, is a persistently abund-
ant fossil in the population counts of the Red
Branch sediments. It is most abundant in
section OPC 845, where it exceeds 66.0 per-
cent of the total assemblage count of one
level.

Affimty. Fossil spores referred to Gles-
chenvidites confossus are smaller than those of
most living species of Gleichenta but other-
wise vesemble them closely.

Illustrations, Specimens OPC 843 E-2-4,

OPC 843 H-7-1, and OPC 845 J-3,

44.1 x 113.1.

Genus CAMAROZONOSPORITES (R.
Potonié, 1956) Klaus, 1960

Type species: Camarozonosporites (Rota-

spora) cretaceus (Weyland and Krieger,
1953) R. Potonié, 1956.

Rotaspora cretacea Weyland and Krieger
(p. 12; pl. 3, fig. 27).

1953

cretaceus
R. Potonié

(Rotaspora)
1953)

1956  Camarozonosporites
{Weyland and Krieger,
(p. 65),

Remarks. An important generic char-
acteristic of Camarozonosporites is the thin-
ning of the distal exine at the ends of the
trilete laesurae along the equator.

Camarozonosporites rudis (Leschik, 1955)
Klaus, 1960
Pl. 3, figs. 3a,b

1955 TVerrucosisporites rudis Leschik (p. 15; pl.
1. fig. 18).
1960 Camarozonosporites rudis (Leschilk, 1955)

Klaus (p. 136; pl. 29, figs, 12, 14).

Occurrence. Uncommon. Spores refer-
red to Camarozonosporites rudis have restriet-
ed occurrences in the Red Branch sediments.
This species is most abundant in levels A, B,
and C of section OPC 844, where it amounts
to 11.8 percent of the total assemblage. In
all other levels in which this species occurs, it
amounts to less than 5.0 percent of the total
assemblage.

Distribution. Leschik (1955) described
this species from the Keuper of Switzerland.
Klaus (1960) has recorded C. rudis from the
Middle Keuper of the same area. It was re-
ported from the Upper Cretaceous of Colora-
do by Clarke (1963). In 1961, Pierce de-
scribed a similar species as Ruguirilefes rugo-
sus from the Upper Cretaceous of Minnesota.

Affinity. Fossil spores assigned to C.
rudis resemble the spores of modern Lycopodi-
win, in partieular L. cernuum and L. caroli-
niannl,

Illustrations. Specimens OPC 824 H-1-1
and OPC 844 H-12-2.

Infraturma MurornaTI R. Potonié and

Kremp, 1954

Genus LYCOPODIACIDITES Couper, 1953

Type species: Lycopodiacidites bullerensis
Couper, 1953 (p. 26; pl. 1, fig. 9).
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Lycopodiacidites cf. L. kuepperi Klaus, 1960
Pl 3, figs. 4a.b

Occurrence. Rare. Lycopodiacidites cf.
L. keuwppert amounts to less than 1.0 percent
of the total assemblage count of five levels and
is present as a trace element in four other
levels.

Distribution. Xlaus (1960)
this species from the Alpine Triassic sedi-
ments. Clarke (1963) rveported L. cf. L.
kueppert from the Upper Cretaceous Vermejo
Formation of Colorado. Pierce (1961) de-
seribed a similar form, Rugutriletes regularts,
from the Upper Cretaceous of Minnesota.

Affinity. Couper (1953) proposed this
spore genus for the reception of fossil spores
with probable lyvcopodiaceous affinities which
cannot be more accurately placed. Lycopo-
diacidites cf. L. hkueppert is similar to the
spores of Lycopodium cernuim in sculptiure
pattern.

deseribed

Hlustration. Specimen OPC 844 IKX-12-1.

Lycopodiacidites arcuatus, new species
Pl 3, figs. 2a,b

Description.  Spores trilete, laesurae
long, approximately three-fourths radius of
spore, commissures raised; eguatorial contour
rounded to rounded-triangular, sides convex;
spore wall 1.5 to 2.0 mierons thick; proximal
face smooth, distal face rugulate with rugulae
extending proximally at the ends of the tri-
lete laesurae in an arcuate manner. Diameter
ranges from 42.5 to 52.5 miecrons.

Holotype. Specimen OPC 844 K-21-4.
Over-all dimensions 43.2 by 45.4 microns.

Remarks. The specific name is in refer-
ence to the arcuate proximal extension of the
rugulate ornamentation at the ends of the tri-

lete laesurae.

Occurrence. Tave. IT'ossil spores refer-
red to L. arcuatus ave restricted to five levels
of Red Branch sediments. They are nowhere
represented by more than 1.0 percent of the
total assemblage count of the five levels in
which they oceur.
Affinity. The

spores referred to this

species are probably the spores of fossil lyco-
pods. The ornamentation resembles that of
the spore of modern Lycopodiwm drummondi.

Mllustrations. Specimens OPC 844 K-11-5
and OPC 844 IX-21-4,

Genus CICATRICOSISPORITES R. Potonié
and Gelletich, 1933

Type species: Cicatricosisporites dorogensis
R. Potonié and Gelletich, 1933 (p. 522;
pl. 1, figs. 1-5).
1951b A ohriosporites dorogensis R. Potonié (p.
114 ; pl. 20, fig. 14).
Alohriosporites  australiensis
470 : pl. 2. figs. 31-834).
Cicatricosisporites ausitraliensis
1953) R. Potonié (p. 48).

1953 Cookson  (p.

1956 (Cookson,

Cicatricosisporites dorogensis R. Potonié and
Gelletich, 1933
Pl. 3, figs. 5a.h
Occurrence. Common. Spores referred
to Clicatricosisporites dorogensis are most
abundant in sections OPC 843 and OPC 844
and oceur in all other sections (except OPC
822) in amounts between 0.5 and 14.5 percent
of the total population count. The absence
of this spore type in section OPC 822 is per-
haps a result of weathering.

Distribution.  Potonié and Gelletich
(1933) deseribed C. dorogensis from the Up-
per Paleocene through the Kocene in the
Dorog basin of Hungary. R. Potonié (1934b)
found this form in the Focene sediments of
Geiseltal and in 1951 established its range in
Furope as being Upper Paleocene to Upper
Oligocene, Tn 1953, Thomson and Pflug re-
ported the spore type from the Paleocene
throngh the Oligocene. Delecourt and Spru-
mont (1955) recorded a Wealden occurrence
of C. doroyensis in Belgium. Couper (1958)
reported the species from the Purbeck, Weal-
den, and Aptian sediments of Britain. It has
been reported from the Upper Jurassic and
Lower Cretaceous of Canada by Pocock
(1962) and Singh (1964). Groot and Penny
(1960) and Brenner (1963) found this form
in the Liower Cretaceous of the Atlantic
Coastal Plain, and in 1961, Groot, Penny, and
Groot recovered it irom Upper Cretaceous
sediments in the same area. Clarke (1963)
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recorded the presence of this species in the
Upper Cretaceous Vermejo Formation of
Colorado.  TLeopold and Pakiser (1964) re-
ported (. dorogensis from the pre-Selma of
Alabama.

Affinity.  Clealricosisporites dovogensis
is a fossil spore with definite schizaeaceous
affinities. It closely resembles several species
of Mohria as illustrated by Bolkhovitina
(1959). Couper (1958) noted the similarity
of (. dorogensis to the Wealden species Ruf-
fordia goepperti (Dunk.) Seward and to the
Kocene species Anemia colwellensis Chandler.

Illustrations. Specimens OPC 843 H-6-1
and OPC 843 H-2-1.

Cicatricosisporites crassiterminatus, new
species
Pl 4, fies. 1a-c

Description.  Spores trilete, laesurae
long, reaching almost to equator, commissures
slightly raised; equatorial contour rounded-
triangular, sides straight to somewhat con-
cave; spore wall 2.0 to 3.0 microns thick,
thicker at the trilete apices: both proximal
and distal faces sculptured with slightly
raised ribs, branching at places, from 2.5 to
3.0 mierons wide and spaced from 1.0 to 2.0
microns apart. formine an irregularly ribbed

pattern. Diameter ranges from 37.5 to 60.0
mierons,
Holotype. Specimen OPC 843 A-5-2.

Over-all dimensions 56.2 microns.

Eemarks. The specific name refers to
the thickened exine at the trilete apices.

Occurrence. Rare. TFossil spores refer-
red to Cicatricosisporites crassiterminatus,
new species, nowhere amount to more than
2.0 percent of the total assemblage count of
any level.

Affinity. This fossil spore has schizaea-
ceous affinities, somewhat resembling the
spores of modern Anemia.

Illustrations. Specimens OPC 843 A-5-2,
OPC 843 A-3-2, and OPC 843 A-2-1.

Genus LYCOPODIUMSPORITES Thiergart,
1938

Type species: Lycopodiumsporites agathoe-
cus (R. Potonié, 1934) Thiergart, 1938.

1984  Nporites agathoccus R. Potonié (p. 43; pl
1, tiz, 253,

1938 Lycopodinmsporites agathorcns (R. Potonid,
1934) Thiergart (p. 293: pl. 220 figs. 9,
10).

Lycopodiumsporites crassimacerius, new

species

Pl. 3. figs. la-c

Description.  Spores trilete, radial; lae-
surae approximately three-fourths radius of
spore; commissures slightly raised and bor-
dered by a small margo which is not always
present; equatorial contour rounded-triangu-
lar, sides convex; spore wall 2.0 to 4.0 mi-
crons thick; proximal surface smooth; distal
surface sculptured with a polygonal reticu-
lum which extends onto proximal surface at
ends of trilete laesurae; muri of reticulum
4.0 to 5.0 microns high, 2.0 to 3.0 microns
wide, simple; lumina of reticulum 6.0 to 7.0
microns wide. Diameter of spore ranges from

45.0 to 67.5 microns.

Holotype. Specimen OPC 842
Diameter 62.6 by 63.7 microns.

Remarks. The specific name crassima-
cerius refers to the thick spore wall.

Occurrence. Uncommon. Spores refer-
red to Lycopodiumsporites crassimacerius,
new species, have been observed in 4 of the
61 productive Red Branch samples in amounts
less than 2.0 percent of the total assemblage
count. In two other levels, D and E of sec-
tion OPC 842, it amounts to more than 5.0
percent of the total assemblage count.

Distribution. Singh (1964) reported a
somewhat similar form, Lycopodiwmsporites
sp. 4, from the Aptian to middle Albian of
Alberta,

Affiity. This species probably has ly-
copodiaceous affinities, even though the an-
thor knows of no modern lycopods with such
a thick spore wall and coarse reticulum.

Hiustrations. Specimens OPC 842 E-4-2
and OPC 842 D-1-2,

£-4-2.

Turma MonNoreTEs Ibrahim, 1933

Subturma Azonomonoreres Luber, 1935
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Genus LAEVIGATOSPORITES (Ibrahim,
1933) emend. Schopf, Wilson, and Bentall,
1944

species: Laevigatosporites
(Tbrahim, 1932) Ibrahim, 1933.

Type vulgaris

Sporonites vulgaris Tbrahim in R. Potonié,
Ibrahim, and Loose (p. 448; pl. 15, fig. 16).

1932

1933 Laevigatosporites vulgeris (Ibrahim, 1932)
Ibrahim (p. 89-40; pl. 2, fig. 16; pl. 5,
figs. 37. 39).

1944  Taevigatosporites {(Ibrahim. 1983) Schopi,

Wilson, and Bentall (p. 36-37; pl. 1, figs.
H-ab).

Laevigatosporites ovatus Wilson and
Webster, 1946
Pl 5. figs. 2a.h

Occurrence. Uncommon. Laevigato-
sporites ovatus is consistently distributed in
all levels of the Red Branch sediments. It
has 2 maximum relative abundance of 4.5 per-
“cent in level G of OPC 824.

Distribution. Wilson and Webster
(1946) described this species from the Paleo-
cene Fort Union coal of Montana. It has
been reported from the Upper Mesozoic of
Australia by Dettmann (1963) and from the
Lower Cretaceous of Canada by Singh (1964).
Clarke (1963) recorded L. ovatus from the
Upper Cretaceous Vermejo Formation of
Colorado.

Affinaty. Laevigatosporites ovatus 1is
probably the spore of a fossil schizaeaceous
fern. It resembles the spores of the extant
genus Schizaea.

Illustrations. Specimens OPC 843 B-9-1
and OPC 845 F-1-3.

Laevigatosporites irroratus, new species
Pl 5, figs. 4a,b

Deseription. Spores bilateral, monolete;
normally bean-shaped in profile, oval in equa-
torial view; monolete mark simple, approxi-
mately one-half the diameter; spore wall thin,
1.0 to 1.5 microns, surface finely granulose.
The length ranges from 45.0 to 50.0 microns
and the width from 20.0 to 30.0 microns.

Holotype. Specimen OPC 842 E-10-2.
Over-all dimensions 47.5 by 22.5 microns.

Remarks. The specific name arroratus
refers to the granulose spore wall.

Occurrence. Rare.  Laevigatosporites

wroratus In no case amounts to more than
1.5 percent of the total assemblage count of
any level.

Affinity. TFossil spores referred to Lae-
vigatosporites wrroratus, new species, are simi-
lar to the spores of the modern genus Psilo-
tum,

Illustrations. Specimens OPC 842 E-10-2
and OPC 845 1-14, 48.4 x 117.6.

Laevigatosporites granaperturus, new species
Pl 5, fig. 5

Desceription.  Spores bilateral, monolete;
spherical to oval in profile and equatorial
views; monolete simple, approximately one-
half the diameter; spore wall thin, less than
1.0 micron, surface smooth except In area
surrounding monolete mark where it is granu-
lose. Diameter ranges from 20.0 to 34.6 mi-
erons.

Syntypes. Specimens OPC 843 H-1-1.
Three spores illustrated. Over-all dimensions
32.4 microns, 34.6 microns by 27.0 microns.

Remarks. The specific name refers to
the granulose ornamentation around the
monolete structure.

Occurrence. Rare. Specimens of Lae-
vigatosporites granaperturus, new species,
occur in 33 levels of Red Branch sediments.
This species in no case amounts to more than
3.0 percent of the total assemblage count of
any level.

Affinity. Not known.

Hlustration. Specimen OPC 843 H-1-1.

Laevigatosporites sp.
Pl 5, fig. 3

Description. Spores bilateral, monolete;
bean-shaped in profile, oval in equatorial view
(?); monolete mark simple, approximately
one-half the diameter; wall thin, 0.75 to 1.0
micron thick, surface smooth. The length
ranges from 20.0 to 25.0 microns and the
width from 15.0 to 20.0 mierons.

Occurrence. Rare.  Laevigatosporites
sp. was not encountered in the assemblage
count of any level, but several speeimens
were observed in level OPC 844 B.

Affinity. This fossil spore 1s perhaps
related to the family Polypodiaceae.
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Iustration. Specimen OPC 844 B-2-1.

Genus VERRUCATOSPORITES Pflug, 1952,
in Thomson and Pflug, 1953

Type species: Verrucatosporites alienus (1.
Potonié, 1931) Thomson and Pflug, 1953.

1931d Sporomnites alienuws R. Potonié (p. 356, fig.

1),
1953 Verrucatosporites alienus (R. Fofonié, 1931)
Thomson and Pflug (p. 59; pl. 3, fig. 47).

Verrucatosporites pseudoreticulatus, new
species
Pl 5, figs. 7a,b
Spores bilateral, monolete;
bean-shaped in profile, elongate in equatorial
view ; monolete simple, more than two-thirds
the diameter; spore wall 1.0 to 1.5 microns
thick with small, irregular verrucae forming
a pseudoreticulum. The length ranges from
50.0 to 60.0 microns and the width from 22.5
to 30.0 microns.
Holotype. Specimen OPC 844 H-24-1.
Over-all dimensions 55.1 by 27.0 microns.
Occurrence. Rare. This species occurs
in 14 levels in amounts in no case exceeding
2.0 percent of the total assemblage count.
Affinity. Verrucatosporites pseudoretic-
wlatus, new species, is probably the spore of
a Mesozoic Tmesipteris. It closely resembles
the spore of the modern Tmesipteris tannensis
in size, shape, and ornamentation.
Tlustrations. Specimens OPC 844 H-24-1
and OPC 844 H-25-2.

Description.

Verrucatosporites sp.
PL 5, fig. 8

Description. Spores bilateral, monolete;
bean-shaped in profile; monolete simple, ap-
proximately two-thirds the diameter; spore
wall 1.5 to 2.0 microns thick, covered with
warts, 1.0 micron high and 1.0 to 3.0 microns
wide, forming a weakly developed negative

reticulum. Diameter of illustrated specimen
60.0 by 30.0 microns.
Occurrence. Rare. Only two specimens

of Verrucatosporites sp. were encountered in
the Red Branch sediments.

Affinity. These fossil spores resemble
the spores of modern polypodiaceous genera,
such as Anarthopteris.

Illustration. Specimen OPC 824 D-7-2.

Genus SCHIZAEOISPORITES R. Potonié,
1951

Tvpe species: Schizaeoisporites eocaenicus
(Selling, 1944) R. Potonié, 1956.

193+ Sporites dorogensis R. Potonié (pl. 1, fig.
22).

1944  Schizeea ceocaenica Selling (p. 66: pl. 4,
fig. 44).

1956 Schizaeoisporites eoceenicus R. Potonié (p.
81; pl. 11, fig. 108).

Schizaeoisporites cf. S. phaseolus Delcourt
and Sprumont, 1955
PL 5, fig. 6

Occurrence. Rare. This species oceurs
in the Red Branch sediments only in levels
A and K af section OPC 844. It amounts to
1.0 percent of the total assemblage count in
fevel A. Level K yielded only one specimen.

Distribution. Delcourt and Sprumont
(1955) described this species from sediments
of Wealden age. Pocock (1962) and Singh
(1964) recovered S. phaseolus from the Lower
Cretaceous Mannville Group of Canada.

Affinity. Fossil spores referred to Schiz-
aeosporites cf. S. phaseolus have schizaeace-
ous affinities.

Ilustration. Specimen OPC 844 K-14-1.

Anteturma Porrenttes R. Potonié, 1951
Turma Saccites Erdtman, 1947

Subturma Monwosaccrtes (Chitaley, 1951)
Potonié and Kremp, 1954

Genus ARATRISPORITES Leschik, 1955

Type species: Aratrisporites parvispinosus
Leschik, 1955 (p. 38; pl. 5, fig. 4).

Aratrisporites monesaccatus, new species
Pl 6, figs. 4a-c
Description. Pollen grains monosaccate;
body and bladder of grains longer than broad ;
body oval in polar and equatorial views;
bladder oval in polar view and boat-shaped
in equatorial view; dehiscence mark shaped
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Hke a flattened figure eight, passing through
the central body as a thin suture, bifurcating
near the ends of the central body and blend-
ing in a looplike manner with the outer con-
tour of the bladder. Bladder attached both
proximally and distally, apparently free at
the ends; typical boat-shaped form perhaps
caused by the bladder’s being pulled against
the central body at the ends of the dehiscence
apparatus ; central body smooth to granulose;
bladder rugulose and infrareticulate, about
1.0 micron thick; the width of the central
body ranges from 12.5 to 17.5 microns and
the length from 22.5 to 27.5 microns; the
width of the bladder ranges from 17.5 to
37.5 microns and the length from 30.0 to 42.5
MICTrons.

Holotype. Specimen OPC 842 C(C-7-3.
Uentral body 23.7 by 12.9 miecrons; bladder
29.2 by 18.4 microns.

Remarks. Leschik (1955) referred to
the genus as an alete spore. Klaus (1960)
emended the original diagnosis and deseribed
the unusual looplike dehiscence mark, refer-
ring to Aratrisporites as a zonate monolete
microspore. In view of the infrareticulate
nature of the ‘‘zona,”’ Aratrisporites mono-
saccatus, new species, 18 here treated as a
monosaccate pollen grain.

Occurrence. Common to abundant. Ara-
trisporites monosaccatus, new species, 1s most
abundant in sections OPC 824, OPC 842, and
OPC 845.

Affinity. Aratrisporites monosaccatus,
new species, is treated here as a gymnosperm-
ous pollen grain of uncertain affinities.

Tllustrations. Specimens OPC 842 C-7-3
and OPC 842 C-7, 54 x 114.

Genus TSUGAEPOLLENITES R. Potonié
and Venitz, 1934

Type-species: Tsugaepollenites (Sporonstes)
igniculus (R. Potonié, 1931) R. Potonié
and Venitz, 1934.

1931 Sporonites igniculus R. Potonié (p. 556;
fig. 2). .

T;ugctepollenites (Sporonites) igniculus (R.
Potonié, 1931) R. Potonié and Venitz (p.

17: Pl 1, fig. 8).

1934

‘less than 0.5

Tsugaepollenites mexeosus, new species
Pl. 6. figs, 5a.b

Deseription.  Pollen grains monosaccate ;
equatorial contour cireular; exine of distal
surface thin and granulose over a more or
less central circular area (sulcus of bisaccate
grains) ; surrounding this circular area is a
well-developed equatorial fringe, or tectum,
composed of twisted tectate frills 2.0 to 2.5
microns high, 2.5 to 3.0 microns wide, and
micron hetween. Diameter
ranges from 50.0 to 50.8 microns.

Holotype. Specimen OPC 843 KE-8-6.
Diameter 50.8 microns.

Occurrence. Rare. Pollen grains refer-
red to Tsugaepollenites nexosus, new species,
oceur as 0.5 percent of the total assemblage
count of only levels A and C of OPC 843.
Both levels are within the same coal.

Affinity.  Tsugaepollenites nexosus, new
speeies, is morphologically similar to the
pollen grains of modern Tsuga.

INustrations. Specimens OPC 843 E-8-6
and OPC 843 E-8-5.

Subturma Disaccrtes Cookson, 1947

Genus PARVISACCITES Couper, 1958

Type species: Parvisaccites radiatus Couper,
1958 (p. 154; pl. 29, figs. 5-8; pl. 30,
figs. 1, 2).

Parvisaccites granisaccus, new species
Pl 6, ligs. 6a,h

Description.  Pollen grains bisaccate;
body of grain subspherical; bladders small
in eomparison to size of body; body and blad-
ders granular to finely mieroreticulate; exine
1.0 to 1.5 microns thick; distal furrow promi-
nent. Diameter of body ranges from 32.5 to
65.0 microns; length of bladders 15.0 to 30.0
microns; width of bladders 2.5 to 10.0 mi-
erons.

Holotype. Specimen OPC 821 D-14-1.
Diameter of body 39.0 to 43.2 microns; distal
furrow 15.1 by 9.7 microns; length of bladders
30.0 microns; width of bladders 10.0 microns.

Occurrence. Rare. Specimeéns referred
to Parvisaccites granisaccus, new species, oc-
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cur in three levels of coals and amount to 0.5
percent of the total assemblage count. This
specles was recovered as a trace element in
other levels.

Affenity.  Fossil pollen grains assigned
to Parvisaccites gramisaccus, new S§pecies,
somewhat resemble the grains of the gymno-
sperm Phyllocladus.

Hlustrations. Specimens OPC 821 D-14-1
and OPC 824 F-10, 51.9 x 119.1.

Parvisaccites sp.
Pl 6. fic. 7

Pollen grains bisaccate;
body of grain spherical; bladders small in
comparison to size of body ; body and bladders
oranular-verrucose, verrucae 1.0 to 1.5 microns
wide; exine 2.5 mierons thick; distal furrow
long, more than two-thirds the diameter of
the grain. Diameter of body 43.2 microns;
length of bladders 30.2 microns; width of
bladders 6.5 to 7.6 microns; distal furrow
37.8 microns long.

Occurrence. Rare. A single specimen
of this pollen type was encountered in level
OPC 824 E.

Affinity. Pollen grains assigned to Par-
visaccites sp. are probably coniferous.

Niustration. Specimen OPC 824 E-6-2.

Description.

Subturma Asierosacct { Erdtman, 1945)
emend. R. Potonié, 1958

Genus PICEAEPOLLENITES R. Potonié,
1931

Type species: Piceaepollenates alatus R. Po-
tonié, 1931b (p. 28; pl. 2).

Piceaepollenites ci. P. alatus R. Potonié, 1931
Pl 7, figs. 1la,b

Occurrence. Rare. Pollen grains refer-
red to this species occur in small percentages
in the Red Branch sediments. They are
present in 33 levels in amounts nowhere
greater than 2.0 percent of the total assem-
blage ecounts.

Distribution. R. Potonié (1931b, 1951a)
reported this fossil species from the Oligocene
and Miocene of Germany.

Affinity. Piceaepollenites cf. P. alatus
resembles the pollen grains of the modern
genus Picea.

Illustrations. Specimens OPC 843 H-1-3
and OPC 844 IK-21-1.

Genus ALISPORITES Daugherty, 1941
Type species: Alisporites opu Daugherty,
1941 (p. 98; pl. 34, fig. 2).

Alisporites bilateralis Rouse, 1959
PL 7, fig. 3

Occurrence. TRare. This species coes not
amount to more than 0.5 percent of the total
assemblage count of any level.

Distribution. Alisporites bilateralis was
described from the Lower Cretaceous Kooten-
ai Formation of British Columbia by Rouse
(1959). A similar form, Pleruchipollenites
thomasit, was described by Couper (1958)
from the Liassic of Europe. In 1963, Bren-
ner recorded Alisporites bilateralis from the
Potomac Group of Maryland.

Affintty.  Ablsporites bilateralis is prob-
ably related to the family Pinaceae.

Niustration. Specimen OPC 843 A-1-6.

Subturma Popocarromrrt R. Potonié,

Thomson, and Thiergart, 1950

Genus RUGUBIVESICULITES Pierce, 1961

Type species: Rugubivesiculites convolutus
Pierce, 1961 (p. 39-40; pl. 2, fig. 57).

Rugubivesiculites woodbinensis, new species
Pl 7, figs. 2a,b

Description.  Pollen grains bisaccate;
body of grain normally spherical; exine of
body and proximal cap coarsely reticulate to
rugulate; bladders ornamented with a finer
reticulation than the body; bladders attached
distally as in Podocarpus, but generally equal
to or not so long as the central body; no sig-
nificant germina) apparatus has been observ-
ed. Diameter of body 29.2 to 47.5 microns;
length of bladders 32.4 to 44.3 microns; width
of bladders 18.4 to 29.2 microns.

Holotype. Specimen OPC 844 J-26-1.
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Diameter of body 43.2 microns; length of
bladders 44.3 mierons, width 29.2 microns.

Occurrence. Rare. Specimens referred
to  Rugubivesiculites woodbinensis, new
species, in no case amount to more than 3.0
percent of the total assemblage count of any
of the 24 levels in which they occur.

Affinity. Rugubivesiculites woodbinen-
sis, new speecies, resembles the pollen of the
modern tropical to subtropical genus Daery-
dium. The character of the central body and
attachment of the bladders is similar to Podo-
carpus, even though the bladders of this fossil
form are not so large as those of the modern
genus. These characters suggest that Rugu-
bivesiculites woodbinensis, new specles, 1s more
closely related to the Podocarpaceae than the
Pinaceae.

Ilustrations. Specimens OPC 844 J-26-1
and OPC 843 I-1-1.

Turma ALrETES Ibrahim, 1933

Subturma Azowaretes (Luber, 1935)
R. Potonié and Kremp, 1954

Infraturma Psionaprtt Erdtman, 1947

Genus INAPERTUROCPOLLENITES (Pflug,
1952, ex Thomson and Pflug, 1953) emend.
R. Potonié, 1958

Type species: Inaperturopollenites (Pollen-
1tes magnus dubius) dubius (R. Potonié
and Venitz, 1934) Thomson and Pflug,
1953.

1934 Pollenites magnus dubius R. FPotonié and
Venitz (p. 17; pl. 2, fig. 21).
Inaperturopolienites (Pollenites magnus du-
bius) dubius (R. Potonié and Venitz, 1934)
Thomson and Pflug (p. 65;: pl. 4, fig. 89;
pl. 5, figs. 1-3).

1953

Inaperturopollenites cf. I. magnus
(R. Potonié, 1934) Thomson and Pflug, 1953

Pl 7, fig. 4
1931d Sporonites magnus R. Potonié (p. 556:
fig. 1).
1934b Pollenites (Sporonites) magnus (R. Po-
tonié, 1931) R. Potonié (p. 48; pl. 6, fig.
3).
1953 Inaperturopollewites magnus (R. Potonié,

1934) Thomson and Pflug (p. 64, 65; pl
4. figs. 83-88).

Occurrence. Rare. This species oceurs
in 11 levels of the Red Branch sediments. It
in no case amounts to more than 2.0 percent of
the total assemblage count in any of these
levels.

Distribution. R. Potonié (1931d, 1934b)
and Thomson and Pflug (1953) have reported
this species from the Tertiary of Germany.

Affinity. The fossil pollen grains re-
ported as Inaperturopollenites cf. I. magnus
are similar to grains of the modern tropical to
subtropical Araucariaceae.

Illustration. Specimen OPC 845 F-1-5.

Genus FOVEOINAPERTURITES Pierce,
1961
Type species: Foveotnaperturites foramenif-
erus Pierce, 1961 (p. 43; pl. 3, fig. 71).

Foveoinaperturites cf. F. forameniferus
Pierce, 1961
Pl 7, figs. 5a,b

Remarks. Pierce (1961) stated that no
difference is diseernible between Foveoinaper-
turites forameniferus Pierce and Pumnctati-
sporites quaesitus Kosanke, 1950. Kosanke'’s
species is most likely the detached operculum
from Vestispora as described by Wilson and
Venkatachala (1963). The author has ob-
served some of these opercula and they differ
from the Woodhine specimens here assigned
to Foveotnaperturites cf. F. forameniferus.
It is believed that Pierce’s illustrated speeci-
men is closely similar to the Woodbine form
and not related to Vestispora.

Occurrence. Rare. Fossil pollen grains re-
ferred to Foveoinaperturites cf. F. foramenaf-
crus occur in five coal levels in amounts in
no case greater than 1.5 percent of the total
assemblage count.

Distribution. Pierce (1961) deseribed
this species from the lower Upper Cretaceous
of Minnesota.

Affinity. Not known.

Illustrations. Specimens OPC 821 G-10-1
and OPC 822 B-18-1.

Genus TAXODIACEAEPOLLENITES
Kremp, 1949

Type species: Taxodiaceaepollenites (Polv-"
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lemites) hatus (R. Potonié, 1931) Kremp,
1949.

1931c¢  Pollenites hiatus R. Potonié (p. 5; fig. 27).

1933 Tazodinm hiatipites Wodehouse (p. 493;
fig. 17).
1940 Taxodiaceuepollenites (Pollenites) Niatus

(R. Potonié, 1931) Kremp (p. 59).

Taxodiaceaepollenites hiatus (R. Potonié,
1931) Kremp, 1949
PL 7, fig. 6

Occurrence. Uncommon. This species
normally amounts to less than 5.0 percent of
the total assemblage count of any level, but
is represented by 10.0 percent of level OPC
821 C.

Distribution. R. Potonié (1931e, 1934b,
1951a) reported Taxodiaceaepollenites hiatus
from the Eocene, Oligocene, and Mioecene of
Germany. Wodehouse (1933) described Tax-
odium hiatipites from the Eocene Green River
Formation of Utah and Colorado. In 1960,
Kedves recorded it as Inaperturopollenites
hiatus from the HEocene of the Dorog basin,
Hungary. Leopold and Pakiser (1964) re-
ported this species from the pre-Selma of
Alabama.

Affinity., Tazodiaceaepollenites hiatus
is the pollen of Taxodium.

Illustration. Specimen OPC 844 H-12-4.

Subturma ZonaLetes (Luber, 1935) emend.
R. Potonié, 1958

Genus SIMPLICESPORITES Leschik, 1955

Type species: Simplicesporites virgatus Lies-
chik, 1955 (p. 34; pl. 4, fig. 16).

Simplicesporites cf. S. virgatus Leschik, 1955

' PlL 8, fig. 1

Occurrence. Uncommon. Pollen grains
referred to Simplicesporites cf. S. virgatus
are uncommon in all but two measured see-
tions, OPC 844 and OPC 824. TIn level OPC
844 G it makes up 9.0 percent of the total
assemblage count.

Distribution. Leschik (1955) described
this species from the Upper Triassic of
Switzerland. ' '

Affimity. Gymnospermous?
Illustration. Specimen OPC 844 E-23-1.

Genus PERINOPOLLENITES Couper, 1958

Type species: Perinopollenites elatoides Cou-
per, 1958 (p. 152; pl. 27, figs. 9-11).

Perinopollenites cf. P. elatoides Couper, 1958
PL. 9 fig. 5

Occurrence. Uncommon, This fossil
species occurs in only eight levels of Red
Branch sediments. It in no case amounts to
more than 6.5 percent of the total assemblage
count of these levels.

Distribution. Couper (1958) described
this species from the Jurassic and Lower Cre-
taceous of England. It has been reported
from the Jurassic and Lower Cretaceous of
Canada by Pocock (1962) and Singh (1964).
Brenner (1963) recorded its occurrence in the
Cretaceous Potomac Group of Maryland.
Leopold and Pakiser (1964) reported this
species from the pre-Selma of Alabama.

Affinity. Couper (1958) stated that
this form probably belongs to the taxodiaceous
species Elatides williamsoni.

Ilustration. Specimen OPC 844 D-1-4.

Turma EuporLLeNttes Klaus, 1960

Subturma OrercuraTi Venkatachala and
Géczan, 1962

Genus CLASSOPOLLIS (Pflug, 1953)
emend. Pocock and Jansonius, 1961
Type species: Classopollis classoides (Pflug,
1953) emend. Pocock and Jansonius,
1961.

1953 Classopollis classoides Pflug (p. 91; plL 16,
figs, 29-31),

1961 Classopollis classoides (Pflug, 1953) Pocock
and Jansonius (p. 443-444: pl. 1, figs. 1-9).

Remarks. This genus was erected by
Pflug (1953) to accommodate ‘‘tricolporate
or tetracolporate pollen grains with a distinet
rimula, germinal aperture gaping.”’ Poeock
and Jansonius (1961) emended this original
and misleading diagnosis to include spherical
or ovoid distally monoporate pollen grains.
The grains are equatorially striated. These
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striations can be seen clearly in obliquely or
equaterially flattened grains, but appear as
broad punctae on the equator in polar view.
The proximal pole bears a nonfunctional re-
duced trilete scar and the distal pole bears
a circular line of weakness (see also Venkata-
chala and Géczan, 1964). This emendation is
regarded as valid in this paper.

Classopellis cf. €. obidesensis Groot and
Groot, 1962
Pl. 6, figs. lab

Occurrence. Rare. Classopolles cf. C.
obidosensis occurs in 18 levels and in no case
exceeds 1.0 percent of the total assemblage
count.

Distribution. Groot and Groot (1962)
cdescribed this species from the Aptian, Albian,
and Cenomanian sediments of Portugal.

Affimaty.  Classopollis has been assigned
to a number of genera of fossil plants. Hoer-
hammer (1933) referred Classopollis to the
Cheirolepidae, having reeovered this palyno-
morph from unattached male cones believed
to be related to this family. Kendall (1949)
assigned Classopollis to the genus Brachy-
phyllum. Couper (1958) found grains of
Classopollis closely associated with grains re-
ferrved to Pagiophyllum convivens. Reissing-
er (1950) and Rogalska (1954) have also
assigned Classopollis to Pagiophyllum, al-
though they have cited no supporting evidence
for their conclusions (Pocock and Jansonius,
1961).

Pocock and Jansonius (1961) stated that
Classopolles pollen was produced by an extinet
plant of gymnospermous affinities. Further,
this plant may have belonged to the genera
Cheirolepis, Brachyphyllum, or Pagiophyllum.
Because the genera Cheirolepis and Brachy-
phyllum are probably related and some species
of Pagiophyllum are difficult to distinguish
from Brachyphyllum, it is possible that some
species of all three genera produced Classo-
vollis-type pollen grains.

Illustrations. Specimens OPC 844 H-11-1
and OPC 844 J-24-1.

Turma Pricatss (Pricata Naumova, 1937,
.+ 1939) “emend. R. Potonié, 1960

Genus EUCOMMIIDITES
emend. Couper,

(Erdtman, 1948)
1958

Type species: FHucommudites troedssoni
Erdtman, 1948 (p. 267-268; text-figs.
5-10, 13-15).

Eucommiidites troedssonii Erdtman, 1948
Pl. 6, fie. 2

Occurrence. Rare. This species was re-
covered from 14 levels of the Red Branch
sediments, oceurring as 0.5 percent of the
total assemblage counts of 12 levels. In levels
A and B of section OPC 845 it amounts to
3.5 and 4.5 percent of the total assemblage
count respectively.

7 Distribution. Erdtman (1948) described
E. troedssonii from the Jurassic of Seania.
It has since been reported from the Wealden
(Deleourt and Sprumont, 1956, 1957, 1959),
the Lower Liassic (Pons, 1956), the Upper
Triassic (Scott, 1960), the Jurassic (Oszast,
1957), the Middle Jurassic (Hughes, 1961;
Couper, 1958), the Cretaceous (Rouse, 1959),
the Middle and Upper Jurassic and Wealden
(Couper, 1958), and the Jurassic and Creta-
ceous (Pocock, 1962; Singh, 1964). Pierce
(1961) reported a similar form (Psilatricol-
pites psilatus) from the Cenomanian of Min-
nesota. Brenmer (1963) recorded this species
from the Potomac Group of Maryland.

Affinity. A monosulecate pollen grain
related to the Chlamydospermales (2).
Illustration. Specimen OPC 845 I-3-7.

Eucommiidites sp.
PL o, fig. 3

Description. Pollen grain monosuleate,
sulcus extending almost the entire length of
grain, somewhat invaginated and bordered by
a ring furrow; ring furrow well developed
and tends to parallel equatorial contour of
grain; grain apparently symmetrical about
its long axis; exine 2.0 microns thick, tectate,
and somewhat folded. Diameter of single
specimen 39.0 by 50.0 microns.

Occurrence. Rare. A single specimen
of Fucommaiidites sp. was recovered from level
OPC 843 H and for this reason no attempt
18 made to erect a species.
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Affinaty. Monosulcate pollen grain of
possible gymnospermous affinity.

Ilustration. Specimen OPC 843 H-2-1.
Genus EPHEDRIPITES Bolkhovitina, 1953
Type species: Ephedripites mediolobatus

Bolkhovitina, 1953 (p. 60; pl. 9, fig. 15).

Ephedripites multicostatus Brenner, 1963
Pl 8, figs. 2a,b

Occurrence. Rare. Ephedripites multe-
costatus 1s a rare form, occurring in only
siv levels of the Red Branch sediments. It
1m ne case amounts to more than 1.5 percent
of the total assemblage count.

Distribution.  Brenner (1963) reported
this species from the Cretaceous Potomac
Group of Maryland. Leopold and Pakiser
(1964) recovered a closely similar form,
Ephedripites sp., from the pre-Selma of Ala-
bama.

Affimaty.  This species is probably the
pollen grain of Ephedra.

Illustrations. Specimens OPC 842 C-7-4
and OPC 821 B-2-1.

Ephedripites ambiguus,
Pl. 8, figs. 3a,b

new species

Description. Pollen graing polyplicate;
inner body (endexine) ovoid and 1.0 to 1.5
microns thick, surrounded by a thin fusiform
exine provided with numerous longitudinal
ribs 1.0 to 1.5 microns wide and 1.5 microns
apart: ribs disappear in extreme polar regions
of pollen grains. Dimensions of exine 15.0
to 21.6 microns by 32.5 to 37.5 microns; di-
mensions of central body (endexine) 15.0 to
21.6 microns by 20.0 microns.

Holotype. OPC 824 D-7-1. Exine 20.0
by 37.5 microns; central body 15.0 by 20.0
microns.

Occurrence. Rare., TFossil pollen grains
referred to Ephedripites ambiguus, new
species, oceur in eight levels of the Red
Branch sediments. This species in no case
amounts to more than 1.5 percent of the total
assemblage count.

Affinity. This pollen grain probably
has -affinities with Ephédra, although the

pollen graing of this modern genus in 1o case
show such a prominent ‘‘inner body.”’

Illwstrations. Specimens OPC 824 D-7-1
and OPC 824 D-3-1.

Turma Monocorpates Iversen and Troels-

Smith, 1950

Genus PUSTULIPOLLIS, new genus

Type species:
species.
Diagnosis. Pollen grains prolate, ovate

to subspherical; monocolpate; distal colpus
narrow {ca. 2.0 microns), expanded slightly
at polar ends, more than two-thirds the
length of the grain; exine thin, about 0.5 mi-
cron, ornamented with irregularly spaced
pustules 1.0 to 1.5 microns high and approxi-
mately 1.0 micron wide; exine commonly
folded and in some cases simulates more than
one colpus.

Remarks. Pustulipollis is somewhat simi-
lar to Pistillipollenites Rouse, but differs by
its ovate shape, single colpus, and shape of
ornamental elements. Pistillipollenites is
““cireular to broadly triangular, triporate
(tricolpate?)’’ and possesses club-shaped ele-
ments of ornamentation (Rouse, 1962).

Affinety. The botanical affinity of
Pustulipellis, new genus, is uncertain, but it
is more than likely angiospermous.

Pustulipollis ellipticus, new

Pustulipollis ellipticus, new species-
Pl. 8, figs. 8a,b

Description. Same as for the genus, the
length ranges from 15.0 to 18.4 miecrons and
the width from 8.6 to 14.0 microns. The ex-
ine of this pollen grain is commonly folded
in such a manner as to appear tricolpate.

Holotype. Specimen OPC 844 J-22-1.
Total dimensions, 16.2 by 13.0 microns.

Occurrence. Rare. Pustulipollis ellipti-
cus, new species, was recovered from five sec-
tions of Red Branch sediments. In section
OPC 844 this form ranges from 0.5 to 5.5
percent of the total assemblage count of all
levels. o

Ilustrations. Specimens OPC 844 J-22-1
and OPC 844 J-13-3.
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Subturma ReTecTiNes (Malavkina, 1949)
emend. R. Potonié, 1958

Genus MONOSULCITES Cookson, 1947, ex
Couper, 1953

Type species: Monosulcites minimus Cook-
son, 1947 (p. 135; pl. 15, figs. 47-50).

Monosulcites minimus Cookson, 1947
Pl 8, fig. 5

Occurrence. Rare. Monosulcites mini-
mars occurs in only six levels of Red Branch
sediments. It in no case amounts to more
than 2.0 percent of the total assemblage count.

Distribution. Cookson (1947) described
this species from Tertiary lignites of the Ker-
guelen archipelago. Groot, Penny, and Groot
(1961) reported it from the Upper Cretaceous
of the Atlantic Coastal Plain. In 1963, Clarke
recovered this species from the Upper Creta-
ceous Vermejo Formation of Colorado.

Affinity. Monosulcites minimus is simi-
lar to the pollen of Ginkgo biloba.

Illustration. Specimen OPC 821 D-15-1.

Monosulcites cf. M. carpentieri Delcourt and
Sprumont, 1955
PlL 8, fig. 4

Occurrence. Rare. Fossil pollen grains
referred to Monosulcites cf. M. carpentiersi oc-
cur in 17 levels of the Red Branch sediments.
They in no case exceed 2.0 percent of the total
assemblage count.

Distribution. Delcourt and Sprumont
(1955) described this species from the Weal-
den of Belgium. Clarke (1963) reported it
as a rare element in the Upper Cretaceous
Vermejo Formation of Colorado.

Affinity. This species is similar to the
pollen of Cycas, although it is larger than
that of most modern species. Couper (1958)
compared a closely similar species, Monosul-
cites subgranulosus Couper, 1958, with the
pollen of the Bennettitales.

Hlustration. Spectmen OPC 844 K-7-6.

Monosulcites inspissatus, new species
' Pl 8, figs. 6a,b

Deseription. Pollen grains monocolpate ;

bilaterally symmetrical; grains elongate and
oval ; colpus extends almost the entire length
of the grain, bordered by two folds about 2.0
microns wide ; exine thin, less than 1.0 micron,
smooth. Dimensions range from 12.5 to 15.0
microns in length and from 7.5 to 12.5 microns
in width.

Holotype. Specimen OPC 844 (-6-2.
Over-all dimensions 15.0 by 8.6 microns.

Occurrence. TUncommon. Monosulcites
mspissatus, new species, is a persistent form
in the Red Branch sediments. It occurs in
amounts as great as 9.0 percent of the total
assemblage count.

Affinmity. This fossil pollen grain is
guestionably bennettitalean or ecycadalean
with closer resemblance to the pollen of Zamia.

Illustrations. Specimens OPC 844 G-6-2
and OPC 844 G-6, 45.56 x 121.2.

Monosulcites sp.
Pl 8, fig. 7

Description. Pollen grain monocolpate ;
bilaterally symmetrieal; grain elongate ellip-
tical; colpus extends almost entire length of
grain, bordered by two folds approximately
6.0 microns wide; exine about 0.5 micron
wide, punctate. Dimensions of single speci-
men 22.0 by 36.0 microns.

Occurrence. Rare. A single specimen
of Monosulcites sp. was recovered from section
OPC 824. |

Affinity. This fossil pollen grain is
probably monocotyledonous.

Illustration. Specimen OPC 824 FA4,
46.8 x 127.

Genus LILIACIDITES Couper, 1953

Type species: Liliacidites kastangensis Cou-
per, 1953 (p. 56; pl. 7, fig. 97).

Liliacidites cf. L. variegatus Couper, 1953
Pi. 8, fig. 9

Occurrence. Uncommon. Fossil pollen
grains referred to Laliacidites cf. L. variega-
tus were recovered from six sections of Red
Branch sediments., This species in no case
amounts to more than 6.0 percent of the total
assemblage count of any level. .

Distribution.  Couper'.(1953). described:
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this species from the Upper Cretaceous to the
Lower Oligocene in New Zealand. Groot,
Penny, and Groot (1961) found L. variegatus
in the Turonian and Lower Senonian sedi-
ments of the Atlantic Coastal Plain. In 1961,
Pierce reported a similar form, Refimonocol-
pites fragilis Pierce from the Cenomanian of
Minnesota.

Affinity. Couper (1953) proposed this
renus for the reception of fossil pollen grains
of ITiliaceous affinities that cannot be more
accurately placed.

Hlustration. Specimen OPC 824 F-10-2.

Liliacidites dividuus (Pierce, 1961) Brenner,

1963
Pl 8. fig. 10

Retimonocolpites
pl. 3. fig. 87).
1963 Liliacidites dividuus (Pierce, 1961) Brenner
(p. 93-94: pl. 40, figs. 7-10).

1941 dividuus Pierce (p. 47;

Remarks. This species is commonly en-
countered partly or entirely without the tee-
tate sexine,

Occurrence. Rare. Liliacidites dividuus
occurs In most levels, but in none exceeds 3.5
percent of the total assemblage count.

Distribution. Pierce (1961) described
this species from the lower Upper Cretaceous
of Minnesota. In 1963 Brenner reported it
from the Cretaceous Potomac Group of Mary-
land.

Affinity. Probably monocotyledonous.

Ilustration. Specimen OPC 845 J-3-1.

Subturma Monoprtycues (Naumova, 1937)
emend. R. Potonié, 1958

Genus PALMAEPOLLENITES R. Potonié,
1951

Type species: Palmaepollenttes tranquillus
(R. Potonié, 1934) R. Potonié, 1951,

1934b  Pollenites tranguillus R. Potonié (p. 51;
pl. 1, figs. 8, 8).
1951b  Palmaepollenites tronguillus (R. Potonié,

1934) R. Potonié (pl. 20; figs. 31, 31a).

Palmaepollenites cf. P. tranquillus (R. Po-
tonié, 1934) R. Potonié, 1951
Pl. 8, figs. 11a,b

Occurrence. Uneommon. Specimens of

Palmaepollenites ef. P. tranquillus were re-
covered from all levels of the Red Branch
sediments. The percentage of this form
ranges from 0.5 to 8.0 percent of the fotal
assemblage count.

Distribution. Potonié (1934b) described
this species from the Eocene of Germany. It
has been reported from the early Tertiary by
Miirriger and Pflug (1951) and from the
Middle Eocene by Thomson and Pflug (1953).

Affinity. TFossil pollen grains referred
to Palmaepollenites cf. P. tranquillus resemble
the pollen grains of modern palms.

Illustrations. Specimens OPC 845 F-1-7
and OPC 845 F-18-3.

Palmaepollenites minusculus, new species
PL 9, figs. la.b

Description. Pollen grains monocolpate;
bilaterally symmetrical; grains ovate; colpus
extending entire length of grain; exine thin,
0.5 to 1.0 mieron, infragranular; width ranges
from 10.0 to 15.0 microns and length from
12.0 to 17.5 microns.

Holotype. Specimen OPC 844 K-7-la.
Diameter 12.0 by 15.0 microns.

Occurrence. Uncommon. Palmaepollen-
ites minusculus, new species, oceurs in most
samples in percentages ranging from 0.5 to
9.0 percent.

Affinity. Pollen grains assigned to this
species closely resemble the grains of living
representatives of Sabal, a modern swamp
plant.

Tllustrations. Specimens OPC 844 K-T-1a
and OPC 844 K-7-1b.

Subturma TripTyCcHES (TRIPTYCHA

Naumova, 1937, 1939) R. Potonié, 1960

Genus TRICOLPITES Cookson, 1947 ex
Couper, 1953

Type species: Tricolpites reticulatus Cook-
son, 1947 (p. 134; pl. 15, fig. 45).

Tricolpites cf. T. reticulatus Cookson, 1947
PL 9, figs. 3a-d
Occurrence. Common. Specimens of

Tricolpites ef. T. reticuletus amount to as
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much as 38.5 percent of the total assemblage
count of level OPC 821 ¥. 1In all other levels
the percentages range from 0.5 to 35.0 per-
cent.

Distribution.  Cookson (1947) described
this species from the Tertiary of Kerguelen.
Pierce (1961) described a closely similar
form, Retitricolpites minutus from the Ceno-
manian of Minnesota. Clarke (19463) record-
ed this species from the Upper Cretaceous
Vermejo Formation of Colorado.

Affinity. This form genus was proposed
to accommodate tricolpate angiospermous pol-
len grains of uncertain affinities. Tricolpites
ef. T. reticulatus probably was derived from
a plant with salicaceons affinities.

Tlustrations. Specimens OPC 844 J-13.1,
OPC 844 K-11-4, OPC 844 J-22-.2, and OPC
845 1-19-3.

Tricolpites erugatus, new species
Pl 9, figs. 2a,h

Deseription.  Pollen grains tricolpate;
prolate; colpi extending the entire length of
the grain; exine smooth to microgranulose,
0.5 to 0.75 micron thick; over-all dimensions
15.0 to 17.5 mierons by 9.0 to 15.0 microns.

Holotype. Specimen OPC 845 F-1-4.
Over-all dimensions 13.0 by 17.3 microns.

Gccurrence. Uncommon. Pollen grains
referred to Tricolpites erugatus, new species,
occur in most levels of the Red Branch sedi-
ments. They amount to 0.5 to 33.5 percent
of the total assemblage count. This species
Is most abundant in sections OPC 821, OPC
844, and OPC 845,

Affinity.  Angiospermous pollen orains.

Lllustrations. Specimens OPC 845 IM-1-4
and OPC 845 D-19, 29.5 x 118.6.

Subturma Poryprycues (Poryprycia

Naumova, 1937, 1939) R. Potonié, 1958

Genus STEPHANQOCOLPITES (van der
Hammen, 1954, 1956) R. Potonié, 1956

Type species: Stephanocolpites costatus van
der Hammen, 1954 (p. 92; pl. 7).

ERUGATUS

Stephanocolpites tectorius, new species
Pl. 9, figs. 8a,b

Description. Pollen grains polycolpate;
prolate; colpi broad, long, but not reaching
the polar ends of the grains; grains elongate;
exine thin, 2.0 to 2.5 microns thick, tectate,
appearing mieroreticulate on the surface.
Over-all dimensions 65.0 to 82.5 microns long,
25.0 to 43.2 microns wide.

Holotype. Specimen OPC 843 I-1-5.
Over-all dimensions 81.0 by 42.0 microns.

Occurrence. Rare. Fossil pollen grains
referred to Stephanocolpites tectorius, new
species, occur in only six levels of Red Branch
sediments. They in no case amount to more
than 2.0 percent of the total assemblage count.

Affinity. Angiospermous pollen grains.

Illustrations. Specimens OPC 843 I-1-5
and OPC 843 I-1-4.

Subturma PTYCHOTRIPORINES
(Prycuorrirorina Naumova, 1937, 1939)

R. Potonié, 1960
Infraturma Prorati Erdtman, 1943

Genus TRICOLPOROPOLLENITES Pflug,
1952, ex Thomson and Pflug, 1953

Type species: Tricolporopollenites dolium
(R. Potonié, 1931) Thomson and Pflug,

1953.

1931b  Pollenites dolivm R, Potonié (p. 25:; pl. 1).

1933  Twricolporopollenites dolium (R. Potonié,
1931) Thomson ‘and Pflug (p. 98; pl. 12,
figs. 114-117).

Remarks. R. Potomié (1960, p. 101)
stated that T'ricolporopollenites is synony-
mous with Rhoipites Wodehouse, 1933. This
transfer would leave no valid form genus for
fossil tricolporate pollen grains of unknown
affinities, and therefore the transfer is not
recognized by the author.

Tricolporopollenites aliquantulus, new
species
Pl. 9, figs. 4ab
Deseription. Pollen graing tricolporate;
prolate; colpi long, extending almost the en-
tire length of the grain; ora round, approxi-
mately 1.0 micron; exine thin, 0.5 to 1.0 mi-
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cron, smooth to infragranular. Over-all
dimensions 10.0 to 11.5 microns wide by 12.0
to 15.5 microns long.

Holotype. Specimen OPC 844 H-25-11.
Over-all dimensions 10.8 by 15.1 microns.

Occurrence. Uncommon. Pollen grains
referved to Twicolporopolienites aliguantulus,
new species, are consistent in the Red Branch
sediments, occurring in both the coals and
shales. This species In no case amounts to
more than 8.0 percent of the total assemblage
count.

Affinity.  Angiospermous pollen grains.

Ilustrations. Specimens OPC 844 H-25-
11 and OPC 824 D-10-1.

Turma Poroses (Porosa Naumova, 1937,
1939) emend. R. Potonié, 1960

Subturma TriroriNes (TriporiNa Naumova,
1937) emend. R. Potonié, 1960
Genus PISTILLIPOLLENITES Rouse,

Tvpe species: Pistillipollenites mcgregoii
Rouse, 1962 (p. 206; pl. 1, figs. 8-12).

1962

Pistillipollenites mcgregorii Rouse, 1962
PL 9. fig. 6

Occuirence. Rare. This species Is rep-
resented only in the assemblage count of
levels A, B, and C of section OPC 844,

Distribution. TRouse (1962) described
this form from the Eocene (?) of British
Columbia.

Affinity. Rouse (1962) reported the
similarity of this species with the pollen
orains of the modern monotypic genus Hus-

byanthus, a member of the family Gentiana-
ceae.

Illustration. Specimen OPC 844 G-17-1.

Subturma PoryporiNes (POLYPORINA
Naumova, 1937, 1939) emend. R. Potonié,
1960

Infraturma PeriporiTI (PERIPORITES
van der Hammen, 1956) emend. R. Potonié,

1960

Genus LIQUIDAMBARPOLLENITES Raatz,
1937

Type speeies: Liquidambarpollenites (Pol-
lenites) stigmosus (R. Potonié, 1931)
Raatz, 1937.

1981  Pollenites stignmosus R, Potonié (p. 329,
pl. 2, fig. 1).
1937  Liquidambarpolicnites stigmosus major

Raatz (p. 17: pl. 1. fig. 26).

Ligquidambarpollenites sp.
PL 9, fig. 7

Deseription. Pollen grains polyporate;
outline circular; exine smooth, 1.5 microns
thick: pores 29 to 30 in number, round, 2.0
microns in diameter; grains about 25.0 mi-
crons in diameter.

Oceurrence. Rare. Pollen grains refer-
red to Liquidambarpollenites sp. are searee Imn,
the flora of the Red Branch. Only four
specimens were encountered and may possibly
be laboratory or field contaminants.

Affinity. These grains are similar to
the pollen of Ligurdambar.

Tliustration. Specimen OPC 845 I-3-1.
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SPORAE INCERTAE SEDIS

Genus SCHIZOSPORIS Cookson and
Dettmann, 1959
Type species: Schizosporis reticulatus Cook-

son and Dettmann, 1959 (p. 213-214;

pl. 1, figs. 1-4).

Eemarks. Cookson and Dettmann (1959)
erected the genus Schizosporis to accommodate
medium to large microspores with an equator-
1al line or furrow along which a separation
into two approximately equal parts takes
place.

Schizesporis reticulatus Cookson and
Dettmann, 1959
Pl 10, fig. 3

Occurrence. TRare. This species oceurs
mn only two levels, OPC 844 X, a coal, and
OPC 845 A, a shale. It amounts to 0.5 per-
cent of the total assemblage count of these
two levels.

Distribution. Cookson and Dettmann
(1959) deseribed this species from the Lower
to Upper Cretaceous (Neocomian-Aptian to
*Cenomanian) of Australia. Pocock (1962)
and Singh (1964) reported it from the Lower
Cretaceous of Canada. Brenner (1963) re-
corded its occurrence in the Cretaceous Poto-
mac Group of Maryland.

Affinity. Not known.

Hlustration. Specimen OPC 844 K-13-1.

Schizosporis spriggi Cookson and Dettmann,

1959
Pl. 10, fig. 5
Occurrence. Rare. Fossils referred to

Schizosporis spriggi are rare, occurring in
two levels of the Red Branch sediments in
minor percentages of the total assemblage
count. They occur in three other levels as
trace elements,

Distributton. The known stratigraphic
distribution of this form is Albian and ?Ceno-
manian {Cookson and Dettmann, 1959).

Affinity. Not known.
Hiustration. Specimen OPC 821 H-1-1.

Schizosporis parvus Cookson and Dettmann,
1959
Pl. 10, fig. 2

Occurrence. Rarve. Schizosporis parvus
makes up 0.5 to 5.0 percent of the total
assemblage count of most levels.

Distribution. Cookson and Dettmann
(1959) deseribed this species from the Albian
and ?Cenomanian sediments of Awustralia.
Singh (1964) reported it from the Lower
Cretaceous Mannville Group of Canada.
Clarke (1963) recovered this species from the
Upper Cretaceous Vermejo Formation of
Colorado.

Affinity. Venkatachala and Baltes
(1962a, 1962b) referred similar pollen to the
Magnoliaceae. Some of their specimens show
a distinct monosuleate furrow on the proxi-
mal side.

Illustration. Specimen OPC 844 J-2-3.

Schizosporis majusculus, new species
Pl 10, figs. 1la,b

Description. Palynomorph large; ellipti-
cal in equatorial view; splitting equatorially
into two narrow, elongate, boat-shaped sec-
tions; exine 3.0 to 4.0 mierons thick, smooth.
Equatorial diameter 47.5 to 130.0 mierons;
polar diameter 1425 to 207.5 microns.

Holotype. Specimen OPC 844 (3-9-1.
Over-all dimensions 147.5 by 48.6 microns.

Occurrence. Rare. Palynomorphs re-
ferred to Schizosporis majusculus, new
species, in no case exceed 2.5 percent of the
total assemblage count.

Affinity. Probably related to the Mag-
noliaceae.
Tllustrations. Specimens OPC 844 (G-9-1

and OPC 842 D-3-1.
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PLANTAE INCERTAE SEDIS

Genus SPERMATITES Miner, 1935

Remarks. Miner (1935), who designated
no type species for this genus, stated that,
although no spores were found associated with
Spermatites, they resembled sporangia. He
further postulated that this genus might be
a primitive seed, with the orifice situated in
the micropyle and the thickened basal portion
representing the chalaza.

Hughes (1961) referred to Spermatites
as a gymnospermous ovule and found pollen
erains of Eucommiidites delcourtit in the mi-
cropylar canal. He eliminated the possibility
of Spermatites being related to the Cycadales,
Ginkgoales, or Coniferales upon the basis of
the absence of any megaspore cutiele in Eu-
commatdites. The Chlamydospermales have
a conspicuous pollen chamber formed just

prior to pollination, and a single true integu-
ment greatly elongated as a micropylar tube.
The genus Spermatites is therefore treated as
a gymnospermous ovule belonging to a Meso-
zoic Chlamydospermae.

Spermatites cf. S. nanus Miner, 1935
Pl 10, fig. 4
Occurrence. Rare. ‘‘Seeds’ referred
to this speeies occur in seven levels of Red
Branch sediments. At no level do they
amount to more than 0.5 percent of the total
assemblage.

Distribution. Miner (1935) described
this form from Cretaceous coals of Greenland.
Affinity.
Illustration.

Gymuospermous ovule.
Specimen OPC 845 A-4-1.
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PALEOECOLOGICAL CONSIDERATIONS

The probable environmental conditions
existing in Bryan County during the time of
deposition of ithe Red Branch sediments can
be reconstructed from an ecological study of
the modern plants to which the Cenomanian
palynomorphs have been related. In order
to arrive at a logical environmental inter-
pretation it is assumed that the fossil species
identified and deseribed in this paper repre-
sent the total microfossil assemblage of the
Red Branch coals and clays. Good preserva-
tion of the spores and pollen together with
the large numbers recovered from relatively
small amounts of sediment help substantiate
this view. Comparisons of these fossil paly-
nomorphs with modern taxa are based solely
upon morphologic similarities. It is assumed
that the plants from which the fossil paly-
nomorphs were derived occupied the same
ecological niches as their modern equivalents.
A phylogenetic grouping of taxa represented
in the Red Branch palynologic assemblage and
the ecology of these groups is discussed below.

Fungi Imperfecti
Fungus spores types A, B, and C.
These fungal spores occur in most levels
of the Red Branch sediments and are
considered to have been saprophytic on
angiospermous plants.

Bryophyta
SPHAGNALES
Sphagnumsporites psilatus
Cingulatisporites cf. C. levispeciosus
The Sphagnales are a cosmopolitan
group, associated with bogs or ponds
which have low pH conditions.

Pteridophyta
PsiLopsma
PsinoTALEs.
Laevigatosporites wrroratus
Verrucatosporites pseudoreticulatus
The Psilotales, today represented by
Psilotum and Twmesipteris, are ereet or

pendulous herbaceous epiphytes. Psilo-
tum exténds from the tropies northward
to South Carolina and is also found in
Hawaill. Tmesipteris is found in tropical
to warm-temperate forests in Australia,
New Zealand, and Polynesia as a pendul-
ous epiphyte.

Lycoprsmpa

LiYCOPODIALES
Lycopodiacidites arcuatus
Lycopodiacidites cf. L. kueppert
Lycopodiumsporites crassimacerius
Camarozonosporites rudis

The Lyecopodiales are a cosmopolitan

group occurring everywhere except in

most arid areas. They are abundant in
tropical and subtropical forests as epi-
phytes and ocecur as terrestrial inhabi-
tants in temperate and arctic regions.

SPHENOPSIDA

EQUISETALES
Calamospora cf. C. mesozoica

The Eguisetales are represented by one
living genus, FEquiselum, which occurs
throughout the world except Australia
and New Zealand. Most species of Equs-
setum oceur in the tropics and subtropics,
but some are found in the temperate re-
gions of North America.

PrEROPSIDA

FILICALES
OSMUNDACEAE
Osmundacidites wellmanat
Osmundacidites cf. O. comaumensis
Todwsporites minor
The Osmundaceae are terrestrial to
subaquatic plants consisting of three
genera. Osmunda is a swamp plant
of cosmopolitan distribution. Todea
and Leptopteris are found in Australia.
SCHIZAEACEAE
Matonisporites tmpensus
Matonmisporites ef. M. equiexinus
Cyathidites punclatus
Cyathidites minor
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Cicatricosisporites dorogensis

Cicatricosisporites crassiterminatus

Appendicisporites undosus

Appendicisporites tricornitatus

Schizaeotsporites cf. S. phaseolus

Spore type A
The family Schizaeaceae is represented
by four genera of terrestrial ferns of
diverse habit. Lygodium is a twining
fern found mainly in tropieal and sub-
tropical regions. Mohria occurs in the
tropics and in southern Africa. An-
emig consists of approximately 80
species which are mostly restricted to
tropical and subtropical regions, but
two species are indigenous to the south-
ern United States. Schizaea is mostly
tropical and subtropical, but 8. pusilla
occurs from New Jersey northward to
Ontario.
GLEICHENIACEAE

Rleicheniidites confossus

Gleichenndites senonicus

Deltoidospora hallis
This family is mostly tropical but ex-
tends into warm-temperate regions
along the coast of the southern United
States.
CYATHEACEAE

Cyathidites australis

Concavisporites subgranulosus
The Cyatheaceae are tree-ferns restriet-
ed in distribution to tropical and sub-
tropical montane forests. Some forms
extend into warm-temperate regions.
PoOLYPODIACEAE

Lacvigatosporites ovatus

Laevigatosporites sp.

Verrucatosporites sp.
The Polypodiaceae is the largest family
of ferns, consisting of approximately
7,000 species. It has a cosmopolitan
distribution occurring from the tropics
to the aretic and antarctic. This
family is most abundant in forests and
humid areas.

Sporae Incertae Sedis

Concavisporites cf. C. jurienensis
Concavisporites sp.

Balmeisporites glenelgensis
Laevigatosporites granaperiurus
Triletes sp.

Spermatophyta
GYMNOSPERMAE

CYCADALES
Monosulcites ef, M. carpentiers
Monosulcites inspissatus
This family of nine genera is confined to
tropical and subtropical regions. Cycas
occurs today from Awustralia to southern
Japan and Madagascar. Zamaa is distrib-
uted from Chile to Florida.
GINKGOALES
Monosulcites minimus
The Ginkgoales consist of one living
species, Ginkgo biloba, which once had a
wide global distribution. Today it is
a relict group restricted to cultivated
areas.
CONIFERALES
PINACEAE
Piceaepollenites cf. P. alatus
Alisporites bilateralis
Tsugaepollenttes nerosus
A family of woody plants, the Pinaceae
consists of nine genera which are most
common in temperate regions of the
northern hemisphere. Picea is found
in high altitudes in Eurasia and North
America. Tsuga is endemic to alpine
and north-temperate regions as far
south as North Carolina.
PODOCARPACEAR
Rugubivesiculites woodbinensis
Parvisaccites granisaccus
Parvisaccites sp.
The podocarps are large trees restrieted
to the southern hemisphere. Podocar-
pus oceurs in eastern Asia and southern
hemisphere temperate and tropical re-
gions. Dacrydium is restricted to Ma-
laya, Tasmania, New Zealand, and
South America.
ARAUCARIACEAE
Inaperturopollemites cf. 1. magnus
Araucara is found today in South Am-
erica, Awustralia, New Zealand, and
other portions of Australasia.
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TAXODIACEAE

Tazxodiaceaepollenites hiatus

Perinopollenites cf. P. elatoides
Tazodium occurs in North America
from Delaware to Mexico, and extends
westward to Texas. It is primarily a
temperate to subtropiecal genus which
grows in or near water.

(G NETALES

EPHEDRACEAE
Ephedripites ambiguus
Ephedripites multicostatus
A monogeneric family represented by
the genus Ephedre has cosmopolitan
distributior in arid regions of tropical
and subtropical areas in both the north-
ern and southern hemispheres.

GYMNOSPERMAE INCERTAE SEDIS

Aratrisporites monosaccatus
Swmplicesporites ef. 8. virgatus
Eucommiidites troedssonit
Lucommiidites sp.

Classopollis ef. C. obidosensis
Spermatites ef. 8. nanus (seed)

ANGIOSPERMAE

DICOTYLEDONAE

MAGNOLIACEAE

Schizosporis parvus

Schizosporis majusculus
This family consists of ten genera
found in temperate regions of eastern
Asia, eastern North America, and as
far south as Brazil. Magnolia is most-
ly Asiatic in distribution and lives in
humid areas of the southern United
States.
HAMAMELIDACEAE

Liguidambarpollenites sp.
Liquidambar is native to the Mediter-
ranean region, Asia, and North Ameri-
ca. It is found in swamps of the
southeastern United States.
RHIZOPHORACEAE

Tricolporopollenites aliquaniulus
The Rhizophoraceae are shrubs and
trees, mostly found on tropical shores.
Rhizophora in the United States is re-
stricted to muddy shores and the Flori-
da everglades.

SALICACEAE
Tricolpites cf. T. reticulatus
This family contains plants which ex-
hibit a ecosmopolitan distribution.
DIcOTYLEDONAE INCERTAE SEDIS
Stephanocolpites tectorius
Tricolpites erugatus
Pistillipollenites megregorii

MONOCOTYLEDONAE
LILIACEAE
Leliacidites of. L. variegatus
Liliacidites dividuus
This family has cosmopolitan distribu-
tion. The fossil pollen referred to this
family are liliaceous, but cannot be
more closely assigned.
PaLMAE
Palmaepollenites minusculus
Palmaepollenites c¢f. P. tranquillus
The Palmae are a large family of tropi-
cal and subtropical woody plants.
Sabal occurs in the United States from
the coast of North Carolina southwest-
ward along the Gulf Coastal Plain into
southeastern Texas.
MoNOCOTYLEDONAE INCERTAE SEDIS
Pustulipollis ellipticus
Monosulcites sp.

Palynomorphs Incertae Sedis

Schizosporis spriggi

Schizosporis reticulatus

Foveoinaperturites ef. F. foramenif-
erus

Spores referred to the Bryophyta are
present throughout all samples, although they
are not well represented. Modern Sphagnum
is endemic to swamps and bogs and normally
indicates acidic soil and water conditions,

The Psilopsida, Lycopsida, and Sphenop-
sida are rare spore types in the Red Branch
sediments. These three groups are most com-
mon in tropical to temperate forests.

Fossil filicinean spores belonging to the
families Gleicheniaceae and Schizaeaceae were
recovered in great abundance both from the
coals and the shales. Some recent representa-
tives of these families are found today living
in or near swamps and marshes. The Os-
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mundaceae are rare to uncommon, but indicate
swampy environmental conditions. The Cy-
atheaceae are primarily tropical montane in-
habitants. The rare occurrences of cyath-
eaceous spores are perhaps a result of the
great distances of the parent plants from the
sites of Red Branch deposition. The presence
of polypodiaceous fern spores apparently has
no ecological significance because this group
1s cosmopolitan in distribution,

The gymnospermous grains, with the ex-
ception of Aratrisporites monosaccatus, are
not well represented in the total assemblage
count of any level. Representatives of the
Coniferales are basically temperate upland
plants, a fact that indicates dispersion and
transportation over long distances. Taxodium
has a temperate to subtropical distribution
and lives in or near water. The Cycadales
and Gnetales are restricted to tropiecal and
subtropical forests. Their rare occurrences in
the Red Branch sediments may indicate that
they were transported some distance before
being deposited or that their parent plants
grew in the neighborhood of the swamps as
rare elements or remnants in the flora.

An abundant angiosperm flora was re-
covered from the Red Branch sediments.
Magnolia is distributed throughout bhumid
areas of warm-temperate regions. The Pal-
mae and Liliaceae are known to occur today
near or in swamp communities in warm-tem-
perate or subtropical to tropical regions.
Rhaizophora (mangrove) and Liguidambar are
found in coastal swamps and along the shores
of the southeastern United States. Angio-
spermous form genera described in this paper,
such as Tricolpites and Stephanocolpites, are
locally abundant, but cannot be assigned with
certainty to modern genera. Their abun-
dance, however, suggests that they were not
transported long distances before deposition
but were nearshore vegetational representa-
tives.

An analysis of the floral components of
the Florida coastal swamp communities (Har-
per, 1910, 1914) shows common elements be-
tween the fossil assemblage studied here and
these swamps. Teichmiiller and Thomson’s

(1958) synopsis of swamp vegetation also in-
cludes a similar discussion. The following
taxa found in the Red Branch sediments are
indicative of a warm-temperate swampy de-
positional site: |

Osmunda

Lygodium

Polypodiaceae

Tazodium

Magnolia

Liquidamb ar

Rhizophora

Sabal (referred to here as Palmaepol-

lemites minusculus, new species)

Fossil spores referred to the Lycopodia-
ceae, Gleicheniaceae, Schizaeaceae, Cyathea-
ceae, Psilotales, and Equisetales are known
to oceur today near or in swamp communi-
ties in warm-temperate or subtropical to tropi-
cal regions. The cycads and some representa-
tives of the palms are restricted to tropical
and subtropical forests and swamps.

The spore-pollen flora in all the studied
outerop sections appears to be the same with-
out any major fluctuations. This flora can
be subdivided into five palynomorph assem-
blages:

1. The bryophyte - psilopsid - lycopsid -
filicinean assemblage, with the fern families
Gleicheniaceae and Schizaeaceae dominant.

2. The cycadalean-ginkgoalean assem-
blage, containing representatives of Cycas,
Zamia, and Ginkgo.

3. The coniferalean assemblage, repre-
sented by pollen related to the Pinaceae,
Podocarpaceae, Araucariaceae, and Taxodia-
ceae.

4. The ephedralean assemblage, repre-
sented by two species of Ephedra.

5. The angiosperm assemblage, includ-~
ing both monocotyledons and dicotyledons.

The Red Branch palynomorph flora is
basically a pteridophyte-angiosperm assem-
blage. The same species occur throughout all
the measured sections with variations in the
percentages of each species. This fact sug-
gests that the Red Branch sediments in Bryan

fjaanePl e urgiue pagisodop axom  Lyunoy)
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short span of time. No marine palynomorphs
(such as hystrichosphaerids or dinoflagellate
c¢ysts) were recovered from the shales, the
éntire microfossil assemblage consisting of
spores and pollen. This evidence indicates a
nonmarine depositional environment,

The palynological assemblage, together
with the evidence of known plant community
ecology, would indicate a warm-temperate to
tropical elimate in Bryan County during the
time of Red Branch deposition. The pre-
dominance of ferns and angiosperms in coals
and clays which are not mappable from one
outerop section to the next further suggests
that there were numerous, local, swampy de-
positional basins which supported their own

local floras. These basins were most likely
along the coastal plain or on major drainage
flood plains.

The cycads and conifers are rare elements
in the assemblage. With the possible excep-
tion of Taxodium, the parent plants were
probably living in the more elevated areas to
the north, including the Arbuckle and the
Quachita Mountains. The rare occurrences
of these forms suggests relatively long dis-
tances of transportation.

Ephedra oceurs sparsely in the Red
Branch flora. At present this genus is re-
stricted to arid regions and probably was de-
rived from outside the coastal plain environ-
ment in Red Branch time.
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PALYNOLOGICAL COMPARISONS

Studies dealing with the palynology of
lowermost Upper Cretaceous deposits in the
Western Hemisphere are few and show only
generalized relationships to the Red Branch
materials. These studies include the works
of Groot and Penny (1960), Groot, Penny,
and Qroot (1961), Pierce (1961), and Leopold
and Pakiser (1964). Palynological literature
on the younger Upper Cretaceous includes
papers by Ames (1950), Radforth and Rouse
(1954), Rouse (1959), Anderson (1960), and
Clarke (1963). These latter works desecribe
palynological assemblages consisting of large
numbers of morphologically advanced pollen
types, such as tricolpate and triporate grains.
Some of the spores and gymnospermous pollen
types described in these works, however, were
recovered from the Red Branch materials.

Groot and Penny (1960) and Groot,
Penny, and Groot (1961) have deseribed the
palynology of the Cenomanian deposits of the
Atlantic Coastal Plain. The palynomorphs
common to both the Red Branch and their
material include:

Sphagnumsporites psilatus
Cyathidites minor
Appendicisporites tricornitatus
Cicatricosisporites dorogensis
Tsugaepollenites (different species)
Monosulcites minimus

Liliacidites variegatus
Taxodiaceaepollenites hiatus
tricolpate grains

tricolporate grains

Little similarity between the assemblages
described by Groot and Penny (1960) and
Groot, Penny, and Groot (1961) and the
palynomorph association recovered from the
Red Branch sediments is apparent. Groot,
Penny, and Groot (1961) reported an abund-
ant variety of tricolpate and tricolporate
orains and a large number of triporate taxa
referrable to Turomipollis, Plicapollis, Lat:-
pollis, Sporopollis, Vacuopollis, and Trudo-

pollis, all of which are significantly absent in
the Red Branch materials.

Leopold and Pakiser’s (1964) work on
pre-Selma Upper Cretaceous sediments in
western Alabama recorded spores and pollen
similar to those recovered by Groot and Penny
(1960) and Groot, Penny, and Groot (1961)
from the eastern Atlantic Coast. They re-
ported a large number of triporate pollen
species, such as Basopollis, Sporopollis, T'ri-
atriopollenites, Triorites, Minorpollis, Con-
clavipollis, and Latipollis. Also reported was
a number of oblate tricolporate species, none
of which is present in the Red Branch assem-
blage. Common elements to hoth the Ala-
bama and Oklahoma materials include:

Deltoidospora hallv
Cyathidites puncialus
Creatricosisporites dorogensis
Schizaeoisporites
Taxodiaceaepollenites hiatus
Ephedripites

Classopollis (different species)
Liliacidites

Parvisaceites

Perinopollenites elatoides

Little other similarity is apparent be-
tween Leopold and Pakiser’s assemblage and
the Red Branch palynomorph assemblage.
The triporate grains mentioned above have,
in part, been listed as characteristic genera of
Cenomanian deposits in Europe by Krutzsch
(1957) and are present both in Alabama and
on the Atlantic Coastal Plain. It is possible
that the parent plants of these grains were
not ecologically suited for climatic conditions
existing during Red Branch time, or that the
Red Branch is older than the strata studied.

The Minnestota Cenomanian assemblage
of Pierce (1961) consists of spore and pollen
types similar to those recovered from the Red
Branch materials. Unfortunately, Pierce’s
system of taxonomy makes a valid comparison
difficult. For convenience, his taxa are con-
verted to suit the taxonomic practice adopted
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in this paper. The fossil genera and species
common to both assemblages are:

Deltoidospora

Cingulatisporites cf. C. levispeciosus

Gleicheniidites senonicus

Camarozonosporites rudis

Lycopodiacidites cf. L. kuepperi

Cicatricosisporites

Appendicisporites

Eucommauidites

Foveomaperturites forameniferus

Tsugaepollenites

Piceaepollenites

Rugubivesiculites

Parvisaccites

Monosulcites spp.

Liliacidites vartegatus

Laliacidites dividuus

Tricolpites cf. T. reticulatus

Ephedripites

Tricolporopollenites

It should be noted that neither the Min-

nesota nor the Red Branch assemblages con-
tain triporate pollen grains. The triporate
types were common elements in the Upper
Cretaceous sediments studied by Groot, Pen-
ny, and Groot (1961) and Leopold and Paki-
ser (1964). Pierce (1961) also reported a
large number of bisaccate pollen species from
the Minnesota Cenomanian. These forms are
rare in all levels of the Red Branch sediments,
which are interpreted as having been deposit-

ed along a tropical to warm-temperate coastal
plain. Pierce’s materials were perhaps de-
rived from several climax communities living
in or near the site of deposition, among which
was undoubtedly a temperate coniferous for-
est. |

Published works on Lower Cretaceous
palynological assemblages in North America
include papers by Pocock (1962), Singh
(1964) and Brenner (1963). Spores and
gymnospermous pollen graing with long strat-
igraphic ranges are common to the Red
Branch materials and the Canadian Lower
Cretaceous Mannville Group materials studied
by Pocock (1962) and Singh (1964). Angio-
spermous pollen grains are absent in the
Canadian assemblages. Brenner (1963) de-
seribed the palynomorphs from uppermost
Lower (?) Cretaceous (Albian) sediments of
the Maryland ecoastal plain. Many of his
species were also recovered from the Red
Branch sediments. He also reported eight
species of angiospermous tricolpate pollen
grains. The angiospermous pollen would sug-
gest that this assemblage represents a flora
which appeared before Cenomanian time be-
cause of optimum environmental conditions.
Other authors have reported undisputed an-
giospermous pollen grains from sediments as
old as Albian (Bolkhovitina, 1953; Couper,
1960).
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COMPARISON OF PLANT MEGAFOSSILS AND MICROFOSSILS

The spore and pollen flora recovered from
the Red Branch Member of the Woodbine
TFormation is basically a pteridophyte-angio-
sperm assemblage consisting of 75 taxa. Of
these, 3 are fungal spores, 2 are bryophytes,
98 are pteridophytes, 5 are spores of uncertain
affinity, 20 are gymnosperms, 8 are dicotyle-
donous angiosperms, and 6 are monocotyle-
donous angiosperms. Palynomorphs of un-
certain affinities are represented by 3 taxa.

Berry (1922) described a collection of
plant megafossils from the Woodbine Forma-
tion at Arthurs Bluff, Lamar County, Texas,
as consisting of 43 species, of which 41 were
angiosperms and 2 were gymnosperms. This
flora was recovered from the ‘‘Dexter beds’
of Hill (1901), which is the equivalent of the
Lewisville Member of the Woodbine Forma-
tion. The Lewisville Member immediately
overlies the Red Branch Member in north-
central Texas. No fungal material, bryo-
phytes, or pteridophytes were present in
Berry’s assemblage, most likely owing to the
depositional environment of the ‘‘Dexter
beds.”” Of Berry’s 32 genera, only 4 appear
in common with the microfloral elements of
the Red Branch sediments.

1. Podozamites, a cycad, is possibly the
parent plant of such pollen grains as Mono-
sulcites inspissatus, new species, which is here
interpreted as being the pollen of a Mesozoic
Zamia.

2. Brachyphyllum has been interpreted
by Pocock and Jansonius (1961) as an organ
of one of the possible parent plants which
produced Classopollis-type pollen.

3. Magnolia is probably represented by
Schizosporis parvus and Schizosporis majus-
culus.

4. Sghkz, or a plant producing similar

pollen grains, may be represented by T'ricol-
pites ef. T. reteculatus.

Berry (1922) recorded five species com-
mon to the Woodbine and the European Ceno-
manian, with three species ‘‘tentatively recog-
nized at this horizon.”” He also recorded two
species which occur in the European Turon-
ian. In comparing the character of his flora
to the floras deseribed from the Tuscaloosa
and Magothy Formations of the Coastal Plain,
he considered the Woodbine assemblage to be
Turonian rather than Cenomanian in age.
Berry’s Turonian age determination of the
Woodbine is based upon three species common
to Texas and Europe.

MacNeal (1958) studied the plant mega-
fossils from the Woodbine Formation of Den-
ton County, Texas, and recorded a total of
82 species. In addition to the four genera
reported by Berry (1922), MacNeal recovered
representatives from three other families,
spores and pollen of which are represented in
the Red Branch assemblage. His total flora
consists of temperate to subtropical elements
which were deposited in fresh or brackish
water along the seacoast.

1. Osmundaceae—This family is repre-
sented by the spore genera Osmundacidites
and Todites.

2. Polypodiaceae—Spores referred to
Laevigatosporites and Verrucalosporites bave
affinities with this fern family.

3. Araucariaceae—Inaperturopollenstes
ef. I. magnus may have affinities with this
family.

MacNeal concluded that the Woodbine
flora is definitely Cenomanian, being closely
related to that of the Dakota Group and show-
ing some relationships to the Raritan and
Magothy Formations of the east coast of the
United States.
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The Red Branch Member of the Wood-
bine Formation in Bryan County, Oklahoma,
contains spores and pollen grains similar to
those recovered by Pierce (1961) from the
‘‘Dakota formation’’ of Minnesota. Both of
these assemblages contain morphologically
similar palynomorph types, but Pierce re-
ported a larger number of coniferous species.
R. W. Brown (4n Stephenson, 1952, p. 35)
studied fossil leaf collections from two Red
Branch localities in Grayson and Cooke
Counties, Texas, and found no coniferous re-
mains. He noted the similarity of the other
plant fossils to those of the so-called ‘‘Dakota
sandstone’’ in Kansas.

Little similarity exists between the Red
Branch palynomorph assemblage and those
described by Groot, Penny, and Groot (1961)
and Leopold and Pakiser (1964). Their
assemblages from Cenomanian sediments con-
tained large numbers of tricolporate and tri-
porate grains not found in the Red Branch
material.

Woodbine plant magafossils were describ-
ed in detail by Berry (1922) from the Liewis-
ville Member at Arthurs Bluff, Llamar Coun-
tv, Texas, and by MacNeal (1958) from Den-
ton County, Texas. Berry advocated the
correlation of the Texas Woodbine with the
European Turonian and Atlantic Coastal
Plain Magothy Formation upon the basis of
three species of plant remains. MacNeal
doubted the significance of these three long-
ranging forms and interpreted his assemblage
of 82 species as being definitely Cenomanian
In age.

Paleozoological evidence further substan-
tiates a Cenomanian age for the Woodbine
Formation in Texas. Adkins and Yozo
(1951) presented a provisional revised zona-
tion of the Woodbine and overlying Hagle
Ford ‘‘groups.”” In this work they subdi-
vided the Woodbine into five zones based upon
ammonites and stated that the ‘“Woodbine
covers only the equivalents of about two

western European Cenomanian zones.,”” The
overlying Eagle Ford ‘‘group’’ was consider-
ed by them to be in part Cenomanian, and in
part Turonian.

In 1952, Stephenson deseribed and illus-
trated invertebrate fossils from 230 Woodbine
localities in Texas. His fauna consisted of
281 species, among which was Ostrea solenisca
Meek, the only invertebrate megafossil recov-
ered by the author from the Red Branch sedi-
ments of Bryan County, Oklahoma. Adkins
and Lozo (1951) have also reported this
species from the Texas Woodbine. Stephen-
son compared his assemblage with faunas re-
ported from equivalent units in areas within
and outside the United States and accepted
the ‘“traditional’’ assignment of this forma-
tion to the Cenomanian.

The assignment of coal-clay sequences in
Bryan County, Oklahoma, to the Red Branch
Member of the Woodbine Formation was
made by N. M. Curtis, Jr., in 1960. The
assignment was made upon the basis of strati-
graphie position and lithologiec characteristics.
The author is in agreement with this assign-
ment as it is compared with Bergquist’s
(1949) description of the Red Branch Mem-
ber. Tossil leaves were not found in the
measured sections described in this paper, but
carbonaceous plant fragments were abundant
in many of the clays. It was, therefore, jm-
possible to compare the palynomorphs with
1dentifiable megascopic plant remains. It is
probable that the palynologic assemblage re-
covered from the Red Branch sediments repre-
sents but a small fraction of the flora which
was living during Woodbine time. Silts and
clays from other members of the Woodbine
Formation in Oklahoma might yield angio-
spermous palynomorph assemblages which
could be more closely related to the assem-
blages of MacNeal (1958), Groot, Penny, and
Groot (1961), and Leopold and Pakiser
(1964).
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RED BRANCH PALYNOMORPHS
Prates 1-10

Species

Alisporites bilateralis
Appendicisporites tricornitatus
Appendicisporites undosus
Aratrisporites monosaccatus
Balmeisporites glenelgensis
Calamospora ef. C. mesozoica
Camarozonosporites rudis
Cicatricosisporites crassiterminatus
Cicatricosisporites dorogensis
Cingulatisporites cf. C. levispeciosus
Classopollis ef. C. obidosensis
Concavisporites ef. C. jurienensis
Concavisporites subgranulosus
Concavisporites sp.

Cyathidites australis

Cyathidites minor

Cyathidites punctatus
Deltoidospora hallii

Ephedripites ambiguus
Ephedripites multicostatus
Eucommiidites troedssonii
Euwcommiidites sp.

Foveoinaperturites cf. F. forameniferus

Fungus spore type A

Fungus spore type B

Fungus spore type C
Gleicheniidites confossus
Gleicheniidites senonicus
Inaperturopollenites cf. I. magnus
Laevigatosporites granaperturus
Laevigatosporites irroratus
Laevigatosporites ovatus
Laevigatosporites sp.
Liliacidites dividuus

Liliacidites cf. L. variegatus
Liquidambarpollenites sp.
Lycopodiacidites arcuatus
Lycopodiacidites cf. L. kuepper:

Plate
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Species
Lycopodiumsporites crassymacernts
Matomisporites cf. M. eqUIETINUS
Matonisporites 1mpensus
Monosulcites ef. M. carpentiert
Monosulcites inspissatus
Monosulcites minimus
Monosuleites sp.
Osmundacidites cf. 0. comaumensis
Osmundacidites wellmany
Palmaepollenites minusculus
Palmaepollenites cf. P. tranquillus
Parvisaccites granisaccus
Parvisaccites sp.
Perinopollenites cf. P. elatoides
Piceaepollenites ef. P. alatus
Pistillipollenites megregoric
Pustulipollis ellipticus
Rugubivesiculites woodbinensis
Schizaeoisporites ef. S. phaseolus
Schizosporis majusculus
Schizosporis parvus
Schizosporis reticulatus
Schizosporis sprigge
Simplicesporites cf. 8. virgatus
Spermatites cf. 8. nanus
Sphagnumsporites psilatus
Spore type A
Stephanocolpites tectorius
Taxodiaceaepollenites hiatus
Todisporites minor
Tricolpites erugatus
Tricolpites cf. T. reticulatus
Tricolporopollenites aliquantulus
Trilites sp.
Tsugaepollenites nexosus
Verrucatosporites pseudoreticulatus
V errucatosporites sp.
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Plate 1

Fungus spore type A
OPC 843 F-5-2; 20.5 microns, 18.4 microns, 16.2

microns
Fungus spore type B
OPC 843 H-6-1; 27.5 microns by 15 microns
Fungus spore type C
OPC 845 I-2-1; 20 microns by 25 microns
Deltoidospora hallii Miner, 1935
a. OPC 845 F-5-1; 31.3 microns by 32.4
miecrons ,
b. OPC 845 F-3-3; 32.4 microns by 34.6
microns

Sphagnumsporites psilatus (Ross, 1949) Couper, 1958
OPC 844 J-28-1; 28.1 microns

Cingulatisporites ¢f. C. levispeciosus Pflug, 1953
OPC 845 I-17-2; 35 microns

Gleicheniidites senonicus (Ross, 1949) Delcourt and
Sprumont, 1955
OPC 845 J-20, 60.9 x 114.9; 29 microns

Gleicheniidites confossus, new species
a. OPC 843 H-7-1; 35 microns
b. Holotype OPC 843 E-2-4; 32.4 microns by
33.5 microns
c. OPC 845 J-3, 44.1 x 113.1; 42 microns

Concavisporites sp.

OPC 844 K-21-6; 16.2 microns by 17.3 microns
Concavisporites subgranulosus Couper, 1958

OPC 845 A-13-1; 42.5 microns by 45 microns
Concavisporites ef. C. jurienensis Balme, 1957

a. OPC 821 A-1-1; 26 microns by 27 microns

b. OPC 821 A-5-1; 22.5 microns by 27 microns

Cyathidites australis Couper, 1953
OPC 843 E-2-3; 55.1 microns by 59.4 microns
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Plate 2

Matonisporites impensus, new species
a. OPC 845 F-1, 54.5 x 113.4; 75 microns by
76 microns
b. Holotype OPC 845 I-14-2; 69.5 microns by
71.5 microns by 75 microns
Cyathidites minor Couper, 1953
OPC 845 1-14-1; 37.4 microns
Cyathidites punctatus (Delcourt and Sprumeont, 1955)
Delcourt, Dettmann, and Hughes, 1963
a. OPC 843 H-4-1; 57.5 microns
b. OPC 843 H-6-2b; 51 microns by 52 microns
by 56 microns

Matonisporites c¢f. M. equiexinus Couper, 1958

OPC 844 1-10-4; 48 microns
Calamospora ¢f. C. mesozoica Couper, 1958

OPC 844 H-25-9; 43.2 microns
Todisporites minor Couper, 1958

OPC 844 K-21-3; 24 microns by 26 microns
Osmundacidites wellmanii Couper, 1953

OPC 844 J-2-2; 46.4 microns
Trilites sp.

OPC 845 H-12-3; 25 microns
Osmundacidites ef. O. comaumensis (Cookson, 1953)
Cookson and Dettmann, 1958

OPC 844 D-1-3; 37.8 microns

Page
13

12

11

13
13
14
14
14

15

49
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1.

Plate 3.
Page

Lycopodiumsporites crassimacerius, new species 19
a, b. Holotype OPC 842 E-4-2; 62.6 microns '
by 63.7 microns; proximal (a) and
distal (b) foci
c. OPC 842 D-1-2; 61 microns
Lycopodiacidites arcuatus, new species 18
a. OPC 844 K-11-5; 45.5 microns by 47.5
microns by 48.7 microns
b. Holotype OPC 844 K-21-4; 43.2 microns .
by 45.4 microns

Camarozonosporites rudis (Leschik, 1955) Klaus, 1960 17
a. OPC 824 E-1-1; 43.2 microns
b. OPC 844 H-12-2; 40 microns by 47 microns

Lycopodiacidites cf. L. kuepperi Klaus, 1960 18
OPC 844 K-12-1; 42.1 microns; distal (a) and
proximal (b) foci

Cicatricosisporites dorogensis R. Potonié and Gelletich, 18
1933
a. OPC 843 H-6-1; 43.2 microns by 45.6 microns
b. OPC 843 H-2-1; 63.7 microns
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Plate 4

Cicatricosisporites crassiterminatus, new species
a. Holotype OPC 843 A-5-2; 56.2 microns
b. OPC 843 A-3-2; 54 microns by 59 microns
¢. OPC 843 A-2-1; 52 microns by 53 microns

Appendicisporites undosus, new species
a. Holotype OPC 843 H-1-2; 61.6 microns by
62.6 microns
b. OPC 843 I-1, 56.6 x 120; 55 microns by 58
microns by 61 microns
Spore type A
OPC 843 A-2, 50.5 x 114.8; 46 microns
Appendicisporites tricornitatus Weyland and Greifeld,
1953
a. OPC 843 H-6-2a; 48.6 microns by 50.8
microns
b. OPC 844 K-6-2; 60 microns

Page
19

16

16

15

51
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Plate 5

Balmeisporites glenelgensis Cookson and Dettmann,
1958
a. OPC 843 I-4-1; 187.5 microns
b. OPC 844 J-20-1; 187.5 microns
Laevigatosporites ovatus Wilson and Webster, 1946
a. 'OPC 845 F-1-3; 25 microns by 46 microns
b. OPC 843 E-9-1; 29.2 microns by 37.8 microns
Laevigatosporites sp.
OPC 844 B-2-1; 15 microns by 20 microns
Laevigatosporites irroratus, new species
a. Holotype OPC 842 E-10-2; 22.5 microns by
47.5 microns
b. OPC 845 I-14, 484 x 117.6; 24 microns by
48 microns

Laevigatosporites granaperturus, new species
Syntypes OPC 843 H-1-1; 32.4 microns, 27
microns, 34.6 microns

Page

15

20

20

26

20

Schizaeoisporites ef. S. phaseolus Delcourt and Sprumont, 21

1955
OPC 844 K-14-1; 37.5 microns by 52.4 microns
Verrucatosporites pseudoreticulatus, new species
a. Holotype OPC 844 H-24-1; 27 microns by
55.1 microns
b. OPC 844 H-25-2; 26 microns by 58.5 microns

Verrucatosporites sp.
OPC 824 D-7-2; 30 microns by 60 microns

21

21
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Plate 6

Classopollis ef. C. obidosensis Groot and Groot, 1962
a. OPC 844 H-11-1; 23.7 microns by 25 microns
b. OPC 844 J-24-1; 25 microns

Eucommiidites troedssonii Erdtman, 1948

OPC 845 I-3-7; 17.3 microns by 26 microns
Eucommiidites sp.

OPC 843 H-2-1; 39 microns by 50 microns

Aratrisporites monosaccatus, new species
a,b. Holotype OPC 842 C-7-3; 29.2 microns
c. OPC 842 C-7, 54 x 114; 25 microns by 37
microns

Tsugaepollenites nexosus, new species
a. Holotype OPC 843 E-8-6; 50.8 microns
b. OPC 843 E-8-5; 50 microns
Parvisaccites granisaccus, new species
a. Holotype OPC 821 D-14-1; 39 microns by
43.2 microns
b. OPC 824 F-10, 51.9 x 119.1; 34 microns

Parvisaccites sp.
OPC 824 E-6-2; 43.2 microns

Page
26

26
26

21

22

22

23

63
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Plate 7

Piceaepollenites cf. P. alatus R. Potenié, 1931
a. OPC 843 H-1-3; 36.7 microns by 77.8 microns
b. OPC 844 K-21-1; 70.2 mierons
Rugubivesiculites woodbinensis, new species
a. Holotype OPC 844 J-26-1; 75.6 microns
b. OPC 843 I-1-1; 51 microns by 66 microns
Alisporites bilateralis Rouse, 1959
OPC 843 A-1-6; 49 microns by 65 microns
Inaperturopollenites ¢f. I. magnus (R. Potonié, 1934)
Thomson and Pflug, 1953
OPC 845 F-1-5; 55 microns by 67 microns
Foveoinaperturites cf. F. forameniferus Pierce, 1961
a. OPC 821 G-10-1; 43.2 microns by 46.4
microns
b. OPC 822 B-18-1; 37.8 microns by 43.2
microns
Taxodiaceaepollenites hiatus (R. Potonié, 1931)
Kremp, 1949
OPC 844 H-12-4; 30 microns

Page
23

23

23

24

25
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11.

Plate 8

Simplicesporites cf. S. virgatus Leschik, 1955
OPC 844 E-23-1; 29 microns by 38.9 microns
Ephedripites multicostatus Brenner, 1963
a. OPC 842 C-7-4; 14 microns by 35.1 microns
b. OPC 821 B-2-1; 20 microns by 46 microns
Ephedripites ambiguus, new species
a. OPC 824 D-3-1; 17 microns by 36 microns
b. Holotype OPC 824 D-7-1; 20 microns by
37.5 microns

Monosulcites ¢f. M. carpentieri Delcourt and
Sprumont, 1955 |
OPC 844 K-7-6; 29.2 microns by 66 microns
Monosulcites minimus Cookson, 1947
OPC 821 D-15-1; 18.4 microns by 38 microns
Monosulcites inspissatus, new species
a. Holotype OPC 844 G-6-2; 8.6 microns by
15 microns
b. OPC 844 G-6, 45.5 x 121.2; 11 microns by 14
microns
Monosulcites sp.
OPC 824 F-4, 46.8 x 127; 22 microns by 36
microns
Pustulipollis ellipticus, new genus, new species
a. OPC 844 J-13-3; 13 microns by 18.4 microns
b. Holotype OPC 844 J-22-1; 13 microns by
16.2 microns
Liliacidites ¢f. L. variegatus Couper, 1953
OPC 824 F-10-2; 17.5 microns by 27.5 microns
Liliacidites dividuus (Pierce, 1961) Brenner, 1963
OPC 845 J-3-1; 33.5 microns by 36.7 microns
Palmaepollenites cf. P. tranquillus (R. Potonié, 1934)
R. Potonié, 1951
a. OPC 845 F-1-7; 21.6 microns by 29.2
microns
b. OPC 845 F-18-3; 24.8 microns by 31.3
microns

Page
25

27

27

28

28

28

28

27

28

29

29

95
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Plate 9
Page

1. Palmaepollenites minusculus, new species ' 29
a. Holotype OPC 844 K-7-1a; 12 microns by
15 microns :
b. OPC 844 K-7-1b; 12 microns by 16 microns
2. Tricolpites erugatus, new species 30
a. Holotype OPC 845 F-1-4; 13 microns by 17.3
microns
b. OPC 845 D-19, 29.5 x 118.6; 15 microns
3. Tricolpites ef, T. reticulatus Cookson, 1947 29
O¥YC 844 J-13-1; 20.5 microns by 27 microns
CPC 844 K-11-4; 25 microns
OPC 845 D-19-3; 25 microns by 32.5 microns
OPC 844 J-22-2; 20.5 microns by 23.8
microns
4. Tricolporopollenites aliquantulus, new species 30
a. Holotype OPC 844 H-25-11; 10.8 microns
by 15.1 microns
b. OPC 824 D-10-1; 10.8 microns by 11.1
microns
5. Perinopollenites cf. P, elatoides Couper, 1958 25
OFPC 844 D-1-4; 32.4 microns by 37.8 microns
6. Pistillipollenites megregorii Rouse, 1962 31
OPC 844 G-17-1; 17.5 microns
7. Liquidambarpolienites sp. 2l
OPC 845 I-3-1; 27.5 microns
8. Stephanocolpites tectorius, new species 30
a. OPC 843 I-1-4; 36.7 microns by 70 microns
b. Holotype OPC 843 I-1-5; 42 microns by 81
microns

e
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Plate 10

Schizosporis majusculus, new species

a. Holotype OPC 844 G-9-1; 48.6 microns by
147.5 microns

b. OPC 842 D-3-1; 79 microns by 199.5 microns
Schizosporis parvus Cookson and Dettmann, 1959

OPC 844 J-2-3; 31 microns by 66 microns
Schizosporis reticulatus Cookson and Dettmann, 1959

OPC 844 K-13-1; 120 microns by 130 microns
Spermatites ef. S. nanus Miner, 1935

OPC 845 A-4-1; 261.6 microns by 501.4 microns

Schizosporis spriggi Cookson and Dettmann, 1959
OPC 821 H-1-1; 80 microns

Page
32

32
32
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32
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APPENDIX

MEASURED SECTIONS AND SAMPLES

OPC 821
SW1; SWi4 SEY) see. 21, T. 7S.,R. 12 E.

East bank of Sulphur Creek, cliff exposed
along creek and extending north to south.

THICKNESS

SAMPLE (S) LITHOLOGY (INCHES)
Shale, blue clayey; yellow sili-
stone lenses 24.0
I Coal, black, blocky; selenite
crystals 2.0
Shale, purple, carbonaceous;
yellow siltstone lenses 8.0
Shale, blue; grading downward
into purple shale 20.0

F-H Coal, black; yellow silt spots 6.0
Shale, purple, carbonaceous:
yellow siltstone lenses and
resin 26.0
Siltstone, yellow, carbonaceous 10.0
Shale, blue, clayey; grading
downward to purple 3.0
C-E Coal, black. blocky 5.0
Shale, purple, carbonacenus;
with Iayers of selenite
crystals 26.0
Siltstone, yellow, ferruginous:
interbedded with blue
clayey shale and bands of
selenite crystals 31.0
Shale. purple, clavey; with
interbedded lenses of sand-
stone. siltstone, and selenite
crystals. Mostly covered. 78.0
Sandstone. brown, massive: and
siltstone, vellow, inter-
bedded ; jointed with
selenite crystals 2.0
B Coal. black. blocky: in brown
mudstone 0.75
Mudstone, brown 24.0
A Coal. black. blocky 2.0
Shale., bluish-gray, clavey 10.0
Siltstone, yellow, ferruginous:
selenite crystals 41.0
Siltstone. vellow. fine-grained,
resistant : hlack iron stains
and selenite crystals in
joints 26.0
Shale. grav. silty: iron staing
in jfoints 114.0

THICKNESS
SAMPLE () LITHOLOGY {INCHES)
Sandstone, yellow, blocky,
resistant 30.0
Siltstone, blue 1.5
Sandstone, yellow, resistant 3.0
Siltstone, blue; shale, blue; and
sandstone, yellow; inter-
bedded with l4-inch pyrite
concretions 45.0
Total 538.25
OPC 822

SW1 NW1 NW% sec. 22, T. 7 S., R. 11 E.

Roadcut approximately 100 feet north of
hilltop, facing eastward.

THICKNESS

SAMPIE (5) (INCHES)

LITHOLOGY

Sandstone, brown, massive,
resistant ; with ferruginous

nodules and stains 60.0
L Shale, brown, weathered; and
sandstone, brown, inter-
layered 42.0
K Shale, purple, blocky,
irregularly layered; some
carbonaceous material 9.0
H-J Coal, black, dull: vellow
oxidized spotting 5.0
C-G Shale, purple, carbonaceous;
vellow oxidized lenses;
selenite crystals 29.0
B Coal, black. dull 3.0
A Shale, purple, carbonaceous;
yvellow oxidized lenses;
selenite crystals 70
Total 155.0
OPC 823

NE NEV NE1 sec. 25, T. 7 S., R. 11 E.

West side of roadeut at section corner.

THICKNESS

SAMPLE (5) LITHOLOGY (INCHES)
I Shale, blue-gray, weathered;

with yellow silt lenses 3.0
F-H Coal, black, weathered 8.0
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THICKNESS

SAMPLE (S} LITHCQLOGY (INCHES)
A-I Shale, purple, carbonaceous,
clayey; 1%-inch yellow silt
lenses 34.0
Total 43.0
OPC 824

SEly SW1j sec. 16, T. 7 S., R. 10 E.
Exposed in west bank of creek, 0.2 mile
north of east-west section-line road and 200
feet west of north-south road.

THICKNESS

SAMPLE (S) LITHOLOGY (INCRES)
M-O Shale, brown, carbonaceous,
weathered 14.0
G-L Shale, purple, carbonaceous;
with 14-inch coal 10.0
inches from base 27.0
D-F Coal, black, shaley, oxidized 6.0
A-C Shale, purple-gray, carbonaceous 16.0
Total 63.0

OPC 842
SWv SW1; SW1) sec, 16, T. 7 S., R, 10 E.

Exposed in east bank of creek, approxi-
mately 360 feet north of the southwest corner
of section 16, and approximately 50 feet east
of section line.

THICKNESS

SAMPLE (S) LITHOLOGY {INCHES)
H Coal, brown, oxidized 2.0
Shale, white, chalky 1.0
G Coal, brown, stratified, soft,
weathered 4.0
Shale, purple, carbonaceous 48.0
F Coal, black, blocky, weathered 2.0
E Shale, black, carbonaceous:
with 14-inch coal 3 inches
from base 6.0
D Coal, black, blocky 2.0
C Shale, purplish-gray, carbonaceous,
selenite ecrystals 15.5
B Coal. black, blocky; selenite
crystals 290
A* Shale, black, carbonaceous 41.0
Total 12356

#from upper 2 inches.

SECTIONS

OPC 843
NWYy NEl; SWZ; sec. 23, T. 7 S, R. 11 E.

Exposed on east bank of creek, approxi-
mately 0.25 mile east of west edge of section
23.

THICKNESS

SAMPLE (5) LITHOLOGY (INCHES)
Shale, purple; interbedded with
yellow silt 10.0
Siltstone, yellow, resistant 12.0
H I Coal, black, blocky 4.0
Shale, purple, carbonaceous 42.0
E-G Coal, black, blocky 6.0
Clay; blue at base to white 24.0
D Shale: purple at base, grading
upward to black, carbon-
aceous shale with carbon-
ized plant fragments. Coal
(14-inch) about 1 foot from
top of unit 48.0
Clay, blue; sand, red; and silt,
buff; interbedded; with
local iron stains and
ferruginous concretions 76.0
Sandstone, brown, massive,
resistant, ferruginous 3.0
Clay, blue-gray and buff; silt
interbedded 48.0
A-C Coal, black, layered; with
numerous plant fibers 6.0
Clay; blue-green at base,
grading upward to purple 15.0
Sandstone, gray-green: with
Ostrea solenisca scattered
in lower 24 inches and
abundant in a 2-inch zone
24 inches from base of unit 34.0
Total 328.0

OPC 844
NW1; SEY; see. 24, T. 7 S., R. 12 E.

Exposed in eastward-facing bluff, about
30 feet high.

THICKNESS

SAMPLE (5) LITHOLOGY (INCHES)
Shale, black, carbonaceous 22.0
D-K Coal, black, blocky, layered 17.0
Shale, black, carbonaceous;
with selenite crystals 120.0
A-C Coal, black; and carbonaceous
shale 5o
Shale, gray, carbonaceous 128.0
Total 202.0
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OPC 845
NEY; sec. 28, T.7S.,R. 12 E. NW¥% NWj

Exposed in cliff on east bank of Sulphur
Creek approximately 0.5 mile east of section-
line road.

THICKNESS

SAMPLE(S) LITHOLOGY {INCHES)
Sandstone, brownish-red 144.0
Covered interval 36.0
Shale, blue-gray, silty, carbon-

aceous; yellow oxidation

spots 12.0
Shale, purple, carbonaceous;

vellow oxidation spots;

contains thin coal lenses 12.0

J-N Coal, black, blocky; yellow

THICKNESS

SAMPLE(S) LITHOLOGY (INCHES)

oxidation spots; selenite

crystals 10.0
I Shale, black, carbonaceous;

yellow oxidation spots 10.0
I'-H Coal, black, blocky 6.0
B Shale, black; carbonaceous in

upper part with 4-inch

coal; grades downward

into blue-gray shale 14.0
B-D Coal, black, blocky 6.0
A Shale, black; carbonaceous in

upper part; grading down-

ward into blue, silty shale 36.0

Total 286.0
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INDEX

(Italic number indicates main reference)

Abietosacci 23

Adkins, W. S., cited 5, 42
Africa 35

Alabama 11, 12, 19, 25, 27, 39
Alaska, University of 6

Alberta 19

Albian sediments 19, 26, 32, 40
Aletes 24-25

Alisporites 23

A. bilateralis 23, 35, b4

A. opir 23

Alpine sediments 14, 18

Ames, H. T., cited 39
Anarthopteris 21

Anderson, R. Y., cited 39
Anemia 13, 16, 19, 35

A. colwellensis 19

A. tomentosa 15

Angiospermae 36

Apiculati 14-15
Appendicisporites 15-16, 40

A. tricornitatus 15, 35, 39, 51

A. tricuspidatus 15

A. undosus, n. sp. 16, 35, 51
Aptian sediments 12, 15, 18, 19, 26, 32
Aratrisporites 21-22

A. monosaccatus, n. sp. 21-28, 36, 37, 53
A. parvispinosus 21

Araucaria 35

Araucariaceae 24, 35, 37, 41
Arbuckle Mountains 38
Arcellites T

Arthurs Bluff 41, 42

Asia 35, 36

Atlantic Coastal Plain 15, 18, 28, 29, 89,41, 42
Auriculati 15-16

Auritotriletes 15-16

Australasia 11, 35

Australia 11, 12, 14, 15, 20, 32, 34, 35
Azonaletes 24-25
Azonomonoletes 19-21
Azonotriletes 10-15
Baculatisporites comaumensis 15
Balme, B. E., cited 12
Balmeisporites 15

B. glenelgensis 15, 35, 52

B. holodictyus 15

Baltes, N., cited 32

Basopollis 39

Belgium 11, 15, 18, 23

Bennettitales 28

Bentall, Ray, cited 13, 14, 20

Bergquist, H. R., cited 5, 7, 42

Berry, E. W., cited 5, 41, 42

Birbal Sahni Institute of Palacobotany 6

Bolkhovitina, N. A., cited 12, 19, 27, 40

Brachyphyllum 26, 41

Brachysporium 10

Branson, Carl C. 5

Brazil 36

Brenner, G. J., cited 11, 12, 14, 15, 17, 18,
23, 25, 26, 27, 29, 32, 40

Britain 11, 12, 13, 14, 15, 18

British Columbia 23, 31

Brown, R. W., cited 42

Bryan County 5, 7, 34, 37, 38, 42

Bryophyta 34, 36

Calamospora 13-14

C. hartungiana 13

C. mesozoica 13, 14, 34

C. cf. C. mesozoica 13-14, 49

Camarozonosporites 17

C. (Rotaspora) cretaceus 17

C. rudis 17, 34, 40, 50

Canada 11, 12, 14, 15, 16, 18, 20, 21, 25, 32

Cenomanian sediments 7, 26, 29, 30, 32, 34,
39, 40, 41, 42

Cheirolepidae 26

Cheirolepis 26

Chile 35

Chlamydospermae 33

Chlamydospermales 26, 33

Cicatricosisporites 18-19, 40

C. qustraliensts 18

C. crassiterminatus, n. sp. 19, 35, 51

C. dorogensis 18-19, 35, 39, 50

Cimarron County 7

Cingulati 16-18

Cingulatisporites 16

C. cavus 11
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C. levispeciosus 16, 34, 40

C. ef. C. levispeciosus 16, 48

Cingutriletes densocingulatus 16

C. interruptus 17

Clarke, R. T, cited 11, 13, 14, 15, 16, 17, 18,
20, 28, 30, 32, 39

Classopollis 25-26, 39, 41

C. classoides 25

C. cf. C. obidosensis 26, 36, 53

clay 5, 8

coal 5, 7

Coal Creek 7

Colorado 11, 13, 14, 15, 16, 17, 18, 19, 20, 25,
28, 30, 32

Comaum clays 15

Concavisporites 12-13

baldurnensis 11

cf. C. jurienensis 12-13, 35, 48

punctatus 12

rugulatus 12, 13

subgranulosus 12, 35, 48

. sp. 13, 35, 48

. type E 13

Conclavipollis 39

Coniferales 33, 35, 37

conifers 38

Conosmundasporites 14

Cooke County (Tex.) 7, 42

Cookson, 1. C,, cited 14, 15, 18, 28, 29, 30, 32

Couper, R. A, cited 11, 12, 13, 14, 15, 17, 18,
19, 22, 23, 25, 26, 28, 29

Cretaceous 5, 6, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 39, 40

Curtis, N. M., Jr., cited 5, 7, 42

Cyathea dealbate 12

Cyatheaceae 12, 35, 37

Cyathidites 11-12

C. australis 11, 35, 48

C. minor 12, 34, 39, 49

C. punctatus 11-12, 34, 39, 49

Cycadales 33, 35, 37

eycads 38

Cycas 28, 35, 37

Dacrydium 24, 35

Dakota Group 41, 42

.Danian 16

Daugherty, L. H,, cited 23

Davis, L. V., cited 7

QR

SR

Delaware 36

Delcourt, A. F., cited 11, 12, 15, 16, 17, 18,
21, 26, 28

Deltoidospora 10-11, 40

D. hallii 10-11, 85, 39, 48

Denton County (Tex.) 41, 42

Dettmann, M. E., cited 11, 12, 14, 15, 20, 32

Dexter Member (Woodbine Fm.) 7, 41

Dicksoniaceae 12

Dicotyledonae 36

dinoflagellate cysts 38

Disaccites 22-23

Dorog basin 18, 25

Eagle Ford ‘“group’’ 42

Elatides williamsons 25

Engelhardt, Donald W. 6

England 12, 25

Eocene 18, 19, 25, 29, 31

Ephedra 27, 36, 37, 38

Ephedraceae 36

Ephedripites 27, 89, 40

E. ambiguus, n. sp. 27, 36, 55

E. mediolobatus 27

L. multicostatus 27, 36, 55

E. sp. 27

Equisetales 34, 37

Equisetum 34

Erdtman, G., cited 26

Eucommiidites 26-27, 33, 40

E. delcourti 33

E. troedssonii 26, 36, 53

E. sp. 26-27, 36, 53

Eupollenites 25-26

Eurasia 35 -

Europe 18, 28, 39, 41

Filicales 34

Florida 35, 36, 37

Fort Union eoal 20

Foveoinaperturites 24

F. forameniferus 24, 40

F.cf. F. forameniferus 24, 36, 54

Fungi imperfecti 34

fungus spores, types A, B, C 10, 48

Geiseltal 18

(telletich, Johann, cited 18

Gentianaceae 31

Germany 15, 23, 24, 25, 29

Ginkgo 37

G. biloba 28, 35
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Giinkgoales 33, 35
Gleichenia 17
Gleicheniaceae 11, 13, 17, 35, 36, 37
Gleicheniidites 16-17
G. confossus, n. sp. 17, 35, 48
(. senonicus 16-17, 35, 40, 48
Gleicheniopsis 11
Gleichenites 11
Gnetales 36, 37
Goczan, F., cited 26
Grayson County (Tex.) 7, 42
Green River Formation (Utah, Colo.) 25
Greenland 33
Greifeld, G., cited 15
Groot, C. R., cited 11, 12, 15, 18, 26, 28, 29,
39, 40, 42
Groot, J. J., cited 11, 12, 15, 18, 26, 28, 29,
39, 40, 42
Gulf Coastal Plain 7, 36
Gymnospermae 35
Hamamelidaceae 36
Hammen, Th. van der, cited 30
Hannover (Germany) 13, 16
Harper, R. M., cited 37
Harris, W. F., cited 12
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