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ABSTRACT

PALYNOLOGY AND PALEOECOLOGY OF THE BUCK TONGUE
OF THE MANCOS SHALE (UPPER CRETACEOUS)

FROM EAST CENTRAL UTAH AND WESTERN COLORADO
By Evan J. Kidson

The sediments of the Buck tongue of the Mancos Shale were systemati-
cally collected from five localities along the Book Cliffs in east central
Utah apd western Colorado. The most westerly section is at Tuscher Wash
north of Green River, Utah and the most easterly section is at West Salt
Creek in Colorado about 70 miles east of Tuscher Wash., The line of sections
is normal to the trend of the old Upper Cretaceous shoreline in this area.

The samples were treated by standard palynologic techniques and
quantitative counts were made.

The fossil record of the Buck tongue is interpreted to represent a
transitional environment in and around the basin of deposition, but the
distant highlands (Wasatch Plateau) are thought to be relatively quiet.

The pollen and spore spectrum is very diverse and is dominated by representa-
tives of a floodplain environment which was evolving very rapidly. The
relative low frequency of the indigenous marine fossils is discussed and
possible explanations proposed.

The paleoecology of the basin of deposition is discussed with respect
to the transgressive-regressive cycle as well as the floodplain environment,
which i1s a dominant feature of the ancient landscape, and the upland source
area,

The time of the Buck tongue transgression is interpreted to be of

such short duration that no recognizable evolution of palynomorphs was observed.
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Data was collected on 224 species of palynomorphs from the middle
Campanian of the Book Cliffs and their possible botanical affinity,
patterns of distribution and morphologic characteristics are discussed.

The results of a factor analysis are presented with a discussion of

their interpretation.
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INTRODUCTION

Statement of problem

At the beginning of this study, a palynologic analysis of sediments
of the Upper Cretaceous Buck tongue of the Mancos Shale in the Book
Cliffs area of central Utah and Colorado (Fig. 1), the following goals
were set,

1. List of all identifiable organic-walled palynomorphs recovered

from the sediments.

2. Evaluate palynomorphs indigenous to the Buck tongue seas
(autochthonous palynomorphs), and those that were transported
from areas surrounding the Buck tongue seas (the land-derived,
allochthonous palynomorphs).

3. Determine the systematic position of these palynomorphs and
indicate their probable natural affinities.

4, Analyze the changes (both laterally and vertically) in the
samples studied:

a. To determine if computer-based florule zones can be estab-
lished between the various samples studied.

b. To determine recurrent cycles, if present, on the basis of
the compositional components of the samples.

c. To establish criteria to delineate the upper and lower
boundaries of the Buck tongue on the basis of the micro-
fossils found.

d. To establish, 1f possible, florule relationships that can

be used to delineate relative proximity to shorelines.



2
e. To establish time correlation between the various samples
of this study if possible.
f. To determine if any evolutionary changes can be delineated
in the species recovered from the samples studied.
5. To develop information on the paleoenvironment of the Buck

tongue seas and the surrounding area.

Study methods

The sediments of the Buck tongue of the Mancos Shale were systemati-
cally described and collected from five localities along the Book Cliffs
in western Colorado and eastern Utah. The samples were treated in the
laboratory to concentrate all organic-walled palynomorphs and the
concentrated residues were mounted on microscope slides for analysis
at high magnification. A factor analysis program was used to assist in

the interpretation of the data.

Previous work

Geologic.--The first geologic studies of the Book Cliffs were the
Hayden and Powell surveys of 1875 to 1877. Numerous minor studies have
been completed but the general geology of the Book Cliffs was not known
until Spieker and Reeside (1925), Clark (1928), Erdmann (1934), and
Fisher (1936), published their respective reports. Young (1955), in a
paper on sedimentary facies and intertonguing in the Book Cliffs des-
cribed in detail the contact between the Mancos Shale and the Mesaverde
Group along the entire length of the cliffs. Several studies on the
correlation, stratigraphy and paleontology of the Book Cliffs were

published by the Intermountain Association of Petroleum Geologists



3
(Peterson ed., 1966). The cyclic nature of the sedimentary sequences
of the Book Cliffs was first described by Spieker (1949), and later by
Young (1957). Fisher, Erdmann and Reeside (1960), published a com-
prehensive study on the Cretaceous and Tertiary formations of the Book
Cliffs, a reference which was used extensively during the collection
phase of this work. The Geological Society of America Coal Division
Field Trip Guidebook (Hamlin and Young, ed., 1966) contains several
papers dealing with various aspects of the Mancos Shale along the Book
Cliffs.

Palynology.--Several workers have published reports dealing with
various aspects of Mesozoic or Mesozoic-Cenozoic palynology from the
Rocky Mountains. The earliest study is by Wodehouse (1933), on the
taxonomy and systematics of pollen from the Eocene Green River Formation,
Garfield County, Colorado. Miner (1935) and Wilson and Webster (1946)
reported on the palynology of some Cretaceous and Tertiary coals from
Montana. Radforth and Rouse (1954) studied the palynology of the Upper
Cretaceous Brazeau Formation of western Canada, and Rouse (1957, 1959),
reported on studies of Upper Cretaceous and Jurassic-Lower Cretaceous
formations from British Columbia. Sarmiento (1957) published range data,
assemblages, and distribution of a variety of Upper Cretaceous palyno-
morphs from the Rocky Mountain region. Singh (1964) and Norris (1967)
published studies on the Mannville Group microfossil flora of Alberta.
Anderson (1960), Stanley (1965), Norton and Hall (1967, 1969), and Oltz
(1969), reported on the palynology of rocks of the Cretaceous-Tertiary
boundary of New Mexico, North Dakota and Montana, respectively, and more

recently, Snead (1969) has published the results of his work across this
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boundary in Alberta. Gray, Patalski, and Schapiro (1966), Leffingwell
(1962) , Newman (1962, 1965), Tschudy (1961) and Leopold, in Dickinson,
Leopold and Marvin (1968), discussed palynomorph assemblages from various
Upper Cretaceous sediments.

Several unpublished studies have been completed and a number of
theses are currently in progress on sediments of Upper Cretaceous age
from the Rocky Mountain region.

Newman (1961, unpublished Ph.D. thesis) is the only other study that
has included rocks of the Buck tongue of the Mancos Shale, and his study

included only one sample from that stratigraphic unit.



GEOLOGY

Regional and structural setting

The Book Cliffs escarpment marks the southern boundary of the Uinta
Basin in Utah and the Piceance Basin in Colorado (Fig. 1). For the entire
length of the escarpment the dominant structural feature is the gently
northward dipping nature of the strata into the two basins which constitute
the northern margin of the Colorado Plateau, a region which has been
stable throughout much of geologic time. The major structural features
to the south of the Book Cliffs are the San Rafael Swell, Monument Upwarp
and the Uncompahgre Uplift. There are also some smaller anticlines and
domes and a minor amount of faulting. These features (except the
Uncompahgre Uplift) are thought to be Tertiary in age (Osmund, 1965).

The Roan Cliffs, which mark the southern erosional edge of the
northward-dipping Tertiary strata, form an irregular escarpment parallel-
ing the underlying Book Cliffs. Both Tertiary and Cretaceous rocks dip
generally northward into the Uinta Basin. To the south of the Book Cliffs
escarpment, beyond the Mancos Shale flats, older rocks (primarily Jurassic
and Triassic) form the surface though other Cretaceous strata are found
near the Henry and the La Sal Mountains and locally elsewhere.

The area is drained by the Colorado and the‘Green Rivers and their

tributaries.

Paleogeography

Early Cretaceous seas invaded the old Rocky Mountain Geosyncline and
by Albian time had migrated westward to the eastern edge of the Colorado
Plateau (Young, 1960). The seas apparently advanced to the west in
intermittent irregular pulses, and remained relatively stable between

5
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7
these pulses. Westward transgression of the sea reached its limit (near
the edge of the Mesocordilleran Geanticline) in Cenomanian time, where
it remained until the regressive phase started during the Early Campanian.

At the time of maximum marine transgression, the typical dark-gray
Mancos Shale was deposited as far as the Wasatch Plateau on the west.

The main source of sediments was the Sevier Arch in western Utah which
supplied sufficient clastic sediments to accumulate to over 12,000 feet
in the area occupied now by the Uinta Basin (Osmund, 1965).

A thin blanket of Late Cretaceous sediments over the top of the
Douglas Creek Arch in the east, indicates that this moderate tectonic
feature, which forms the eastern margin of the Uinta Basin, has remained
more positive than the subsiding basins on either side since the end of
Cretaceous times (Kopper, 1962). The Uncompahgre Uplift to the south
may have been positive through part of the Cretaceous period. This
Pennsylvanian remnant of the ancestral Rocky Mountains resulted in
thinner Upper Cretaceous strata than are found north and west of this
structure.

The eastward withdrawal of the Late Cretaceous sea from Utah, Colorado,
and Wyoming was interrupted by many partial readvances, as recorded by the
regressive-transgressive cycles of the Late Campanian and younger strata

of the area (Fig. 2).

Stratigraphy

General remarks.--The escarpment of the Book Cliffs in the area of

this study, exposes regionally a cross section of the sediments approxi-
mately normal to the ancient shorelines of the Cretaceous seas. The

intricate lateral intertounging of the Mancos Shale and Mesaverde sand-
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9
stones, which has been well-exposed by the erosional dissection of the
cliffs, indicates that Early Cretaceous seas invaded the Rocky Mountain
Geosyncline spreading westward over a basin that was subsiding in inter-
mittent pulses., Maximum westward transgression of the sea reached the
edge of the geanticline near the Utah-Nevada boundary. The shoreline
remained close to the old highland during early Campanian time; by middle
Campanian time eastward regression of the sea began with slowly recurring,
positive pulses.

Young (1966) recognizes five distinct environmental belts present in
the sediments of this area at anf given time during Late Cretaceous
sedimentation: a) narrow piedmont; b) inland floodplain; c) coastal
swamps and marshes; d) mainland beach; e) wide lagoon bordered on the
seaward side by a broad barrier beach or by barrier islands. During
regression these belts migrated eastward across the old basin. Renewed
uplift of the old highland in conjunction with reduced basinal sub-
sidence, or perhaps positive basin movement, are thought to be the causes
of the large scale regression of the seas.

A noticeable feature of the sandstone tongues, that extend generally
eastward into the shales, is that the upper contact of these attenuated
sandstone wedges is always well-defined and, where it is exposed, appears
as an unconformable contact. The lower contact, by contrast, is a complex
gradational sequence with many thin interfingering sandstone-shale units
which make it difficult to define the upper boundary of the shale units.
The eastward extension of the sandstones reflect either orogenic movement
in the west, basinal uplift or additional clastics being brought in by

shifting or new distributary channels or combinations of these conditions
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to spread thin sandstone units over the muddy bottoms of the.Mancos seas.
These complexly interfingered contacts suggest a slow, pulsating, with-
drawal of the shale lithotope. The well-defined upper contact of the
Castlegate Sandstone, which marks the base of the Buck tongue trans-
gression, can be interpreted as a rapid cut off in source of clastics
spreading out onto the floors of the basin or possibly a rapid rise in
sea level which would smooth out the upper contact of the sand-shale
interface.

The natural cross section, approximately normal to the Late Cretaceous
shoreline, was provided by Late Tertiary and Quaternary erosional dis-
section of the Cretaceous sediments. Particularly well-exposed are the
eastward littoral marine sandstones that are separated by westward-
pointing marine tongues of the Mancos Shale, such as the Buck tongue.
Spieker (1949) and Young (1955) have correctly interpreted these shale-
sandstone interfaces as diachronous units.

Mancos Shale.--The Mancos Shale is defined as consisting of all
strata from the top of the Dakota Sandstone to the base of the lowest
sandstone unit of the Mesaverde Group. Cross (1899) first applied the
name Mancos to exposures of shale near the town of Mancos in southwestern
Colorado. Its use has since been extended to the thick shale, usually
in part Coloradoan stage and in part of Montanan, which is exposed over
a large region south of the Uinta Mountains and west of the Rocky Mountains.

The Mancos Shale is a well-marked lithologic unit. It appears as
a drab, slightly bluish-gray marine shale with some thin lenses of cal-
careous sandstone, limestone and a few concretionary beds. The surface

thickness of the formation is between 3,450 and 4,120 feet in Colorado;
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thicknesses in excess of 5,000 feet have been reported for localized
areas., The freshly exposed shale looks clayey but feels slightly gritty
to the teeth yet is fine grained enough to be practically impervious to
wetting by rain. Veinlets of gypsum and calcite are common and patches
of white 'alkali' are often present on the surface of the outcrop. The
top of the Mancos Shale rises about 2,700 feet stratigraphically between
Castlegate, Utah and Palisade, Colorado (Spieker, 1949), a distance of
135 miles. Near Helper, Utah, it is middle Campanian, and near Palisade,
Colorado, it is late Campanian at its upper contact (Young, 1966).

Buck tongue of the Mancos Shale.--A westward-thinning tongue of the

Mancos Shale designated by Fisher (1936) as the Buck tongue, from the name
of a canyon (T. 19 S., R. 23 E.), overlies the Castlegate Sandstone from
the Beckwith Plateau (north of Green River, Utah) to a point west of the
Colorado-Utah line. Farther west it feathers out into the predominantly
sandy facies of the lower part of the Price River Formation and is not
separable from it; Young (1966) has been able to identify the Buck tongue
as far west as north of the Beckwith Plateau near Woodside, Utah. The
thickness of the Buck tongue increases eastward from about 100 feet in
the southern part of the Beckwith Plateau to 360 feet in Colorado. With
the disappearance of the underlying Castlegate interval farther east, it
merges with the Mancos Shale.

Lithologically the Buck tongue cannot be distinguished from the Mancos
Shale. The Mancos Shale commonly contains invertebrate fossils and remains
of vertebrates. Thin ash or bentonite zones are common. These features
are not found in the shale of the Buck tongue. Its upper contact is

gradational into the overlying Sego Sandstone, but its lower contact with
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the Castlegate sandstone is sharp with no evidence of any intertonguing.
Fisher, et al. (1960) found that fossil-bearing limestones in the Buck
tongue of the Mancos Shale has yielded a marine fauna most comparable to
that of the Gregory member of the Pierre Shale to the east.

Areal extent of the Buck tongue.--The areal extent of the Buck tongue

of the Mancos Shale is not fully known but it is reported to be a very

thin unit in Cow Wash, Utah on the northern flank of the Uinta Basin, and
thickens considerably near Rangely, Colorado (Zapp and Cobban, 1960).
Newman (1965) found this unit to be over 270 feet thick on the north

and east flank of the Piceance Basin., Hale and Van de Graaff (1964) report
the thickness of the Buck tongue as 350 feet in the subsurface east of
Rangely and 250 feet in the subsurface south of the Douglas Creek Arch

in Garfield County, Colorado. The Buck tongue at West Salt Creek in the
Book Cliffs east of the Colorado-Utah line is 360 feet thick.

A lithofacies map (Fig. 3) of the Castlegate Sandstone and its
equivalents, after Hale and Van de Graaff (1964), shows the maximum west-
ward advance of the shoreline of the Buck tongue transgression. It has
been superimposed on the lithofacies map as interpreted by various in-
vestig;tors. The environmental belts as recognized by Young have been
added to indicate the lithologic significance of the transgression. The
figure includes the area north of the Rock Springs Uplift, Wyoming, an
interpretation which is supported by Zapp and Cobban (1962). They state
that the Upper Rock Springs transgressive phases are direct correlatives
with the Castlegate regression and the Buck tongue transgression of the
Book Cliffs. Further, Hale and Van de Graaff correlate the Buck tongue
of the Mancos Shale in Colorado and the Black Butte tongue of the Mancos

Shale from Sweetwater County, Wyoming.
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Mesaverde Group.--In the western portion of the Book Cliffs, the

Mesaverde Group can be divided into four units which are (from the base
upward): the Star Point Sandstone, the Blackhawk Formation, the Price
River Formation and the lower part of the North Horn Formation (Fig. 2).

As .these units are traced eastward along the Book Cliffs, the most east-
ward extension of the Star Point Sandstone disappears, grading into Mancos
Shale near Wellington, Utah. The Blackhawk Formation then becomes the
basal sandstone until it disappears north of Cisco, Utah, leaving the
Price River Formation as the basal unit throughout the eastern Book Cliffs.
Cobban and Reeside (1952) indicate an age of middle Campanian to middle
Danian for the Mesaverde Group.

Price River Formation.--Spieker and Reeside (1925) defined the Price

River Formation as a series of non coal-bearing beds above the Blackhawk
Formation from exposures in Price River Canyon near Castlegate, Utah. It
was described as a "succession of predominantly gray sandstones, grits and
conglomerates, with a minor amount of shale'", and included all sedimentary
rocks up to what was then called the Wasatch Formation, now the base of the
North Horn Formation (Fig. 2). In the western portion of the Book Cliffs
it consists of a massive, basal, orogenic sandstone (the Castlegate Member)
and an overlying series of carbonaceous shales, sandy shales and lenticular
sandstones. The basal Castlegate Member 1s separated from the remainder

of the Price River near Woodside by a thin tongue of Mancos Shale (the
Buck tongue) which grades upward into overlying littoral marine sandstone
(the Sego Sandstone Member) that thickens to the east. Young (1955),
proposed that the Castlegate, Sego and Neslen-Mt. Garfield units (sub-

divisions established by Erdmann, 1934, and Fisher, 1936) be considered
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as an eastward-climbing littoral, lagoonal and paludal facies (Neslen
Facies). This facies is subdivided into Castlegate, Sego, Corcoran,
Cozzette and Cameo Members on the basis of prominent, littoral marine
sandstones and associated coal-bearing rocks. The non coal-bearing rocks
stratigraphically and laterally equivalent to the Neslen Facies were
assigned by Young to the Farrer Facies.

An unconformity marks the base of the Castlegate Sandstone Member in
its western exposufe where it overlies sands of the Blackhawk Formation.
But this is lost to the east as the Mancos Shale replaces the Blackhawk
rocks at the base of the Castlegate Sandstone. The Castlegate Sandstone
can be traced as.far east as West Salt Creek in Colorado, changing from
a massive sandstone 500 feet thick in the type locality to 45 feet of
interbedded shale and fine sand in Colorado.

The Sego Sandstone is a series of interbedded sandstones and shales
which first appear near Woodside, Utah and thicken eastward to about 200
feet in western Colorado. The Sego Sandstone was designated a formation
by Fisher (1936) and is a single unit in Utah, but in Colorado it is
divided into lower and upper units, separated by the Anchor Mine tongue
of the Mancos Shale.

The Corcoran Member, which lies above the Sego, consists of two basal
littoral marine sandstones and an overlying unit of coal-bearing rocks
which total about 100 feet, according to Young. This member can be found
from southeast of Palisade to northwest of Grand Junction in Colorado.

Young (1966) interpreted the Cozzette Member as a basal littoral
marine sandstone about 70 feet thick and an overlying sequence of lagoonal

deposits up to about 175 feet.
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The Cameo Member consists of a basal littoral marine sandstone about
100 feet thick and the overlying coal-bearing rocks which attain a thick-
ness of about 250 feet. The Cameo coal zone is an important producer of
coal in the Grand Junction area.

The Castlegate Sandstone Member in the western portion of the Book
Cliffs has been interpreted by Young as a flood plain deposit and assigned
to the Farrer Facies. These non-coal-bearing orogenic sandstones are
massive, white to pink, and grade from coarse to fine-grained from west

to east.






DATA COLLECTION

Localities

The Book Cliffs form a sinuous southward-facing escarpment that
extends from the Wasatch Plateau in west-central Utah to Grand Mesa in
western Colorado, an outcrop belt of about 220 miles (Fig. 1). The cliffs
have formed in a semi-arid environment by the backwasting of strata
gently dipping into the Uinta Basin, and are the product of differential
erosion. The soft marine Mancos Shale forms the slope beneath the cliffs,
the marine and brackish water Mesaverde and the Lower Tertiary Wasatch
Formation hold up the lower (outercliffs) of a double escarpment. The
upper cliffs are called the Brown or Roan Cliffs and are composed of
Tertiary sediments. Because the face of the Book Cliffs are nearly
vertical, choice unweathered exposures may be found.

The Buck tongue was measured and described in detail and samples
were collected at close intervals from five localities. The most westerly
section is at Tuscher Wash north of Green River, Utah. This section was
measured as 98 feet thick but only the lower 45 feet are a typical Buck
tongue sequence. The upper portion is aporcellanized shale-silt-sand
transition upward into the Sego Sandstone. The most easterly section
measured is at West Salt Creek in Colorado about 70 miles east of Tuscher
Wash, where the Buck tongue is 360 feet thick. Here, the underlying
Castlegate Sandstone has thinned to 45 feet of fine sand-silt, It could
not be differentiated from sediments above and below east of this point.

A register of measured stratigraphic sections is found in Appendix I.

Sampling

The samples used for analysis in this study were collected from trenches
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dug to a depth of two to three feet. This was done in order to sample
below the zone of loosely weathered materials so that less oxidized
samples could be collected. When the shale being sampled was typical, a
collection was made approximately every eleven feet from trenches re-
presenting three feet thickness (vertically) of the shale. Care was taken
to collect representative samples from the entire height (thickness)
exposed in the trench. If a lithologic change in the generally uniform
shale was noted, tﬁe different rocks were collected separately, irrespec-
tive of the location of the previous samples. In the case of limestones,
occurring within the sampling unit, these limestones as well as the shale
above and below were collected separately. If good, relatively un-
weathered zones near the upper and lower contacts of the Buck tongue
werevpresent, these rocks were also sampled at five feet intervals.
Frequently, the shale at the contact of the Buck tongue and the Castlegate
Sandstone was so deeply weathered that a fresh sample could not be ob-
tained.

Samples were collected and placed in cloth collecting bags, and
labeled with the month, day and year, with the stop for the day indicated
by a Roman numeral following the date (e.g. 7/14/67 I). The serialized‘
sample number followed this format in the form of an Arabic numeral placed
inside a circle. The collection number was placed in front of the litho-

logic description in the field notebook.

Preparation of materials

All possible precautions were taken to prevent contamination and
destruction of the organic-walled microfossils. A summary of the method

used follows:
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The samples were crushed to pass a 1/4-inch sieve, then a representative
five gram aliquant was taken. The sample was then allowed to stand 24 hours
each in 10% hydrochloric acid, and 70% hydroflouric acid. After washing
with distilled water, a weak solution of Schulze (one part aqueous potassium
chlorate to seven parts concentrated nitric acid) was used for five to 30
minutes in the steam bath at 98°C. This treatment was followed with five
per cent potassium hydroxide solution. After several washes the sample
was centrifuged twice in an aqueous solution of zinc chloride which had
been adjusted to a specific gravity of 1.93. If a small amount of clay
remained after the second centrifugation, a glassware-cleaning detergent
was used to advantage to hold very fine debris in suspension during sub-
sequent centrifugations. The residue was then stained in a two per cent
aqueous solution of safranin O and stored in one dram screw top vials with
HEC (hydroxyethyl cellulose, Union Carbide Corporation WP-09) and phenol,
both in two per cent aqueous solutions.

Strewn slides were mounted by dispersing a portion of the residue on
a 22 millimeter square coverslip, and allowed to dry. The mounts were then
permanently cemented to a slide with HSR (Harleco synthetic resin,
Hartmanledon Company, obtained from Eberbach and Son Company, Ann Arbor,

Michigan).

Technique of study of palynomorphs

Number. After all samples were macerated and permanent slides pre-
pared, a few of the best and most representative were selected for further
study. These slides were used to establish the taxonomic structure to be

followed for this study. When an adequate familiarity with those taxa
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encountered had been achieved so that all entities could be identified in
a consistent manner, a few trial samples were counted.

The decision of the number of specimens to be counted involved the
following considerations: 1. The total count per sample should be con-
sistent for each sample for the best comparability and to the nearest 100
for ease of calculations. 2. Since paleoecology was to be the major
interest, the greatest number of close interval samples possible would
supply more information than fewer less closely spaced samples with more
data collected per sample, 3. The total per sample count should be as
small as possible but still reflect quantitative relationships for each
sample. 4, The most important aspect of this phase of the study should
be to have the data collected as consistently as possible.

To determine the fewest number of specimens that should be counted
for a fixed sum for all samples, that would quantitatively reflect the
relative population of each sample, a species-population curve was con-
structed. This curve was modeled after species-area curves used by plant
ecologists, which are utilized to determine the number of sample measure-
ments to take for a given area. The number of new or different species
counted were plotted on the X axis against the total on the Y axis, and
a curve was fitted to these points. The number at which the curve
flattened out was chosen as a minimal number of specimens to be counted
so that quantitative data could be considered unbiased and valid. That
point for this study is about 200. To assure an adequate margin for sample
variation, 300 was chosen as the total for the fixed sum counts. The count
for several samples was extended to 500, but the additional new data in

such counts added little significant information and the practice was not
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continued. Every sample counted was at some time compared to the curve to
be sure that an anomalous deviation did not occur.

Traversing technique. It is desirable in such studies to standardize

as many of the variables as possible., An effort was made to macerate all
samples as uniformly as practicable; all slides were mounted by the same
person in the same way; and all microscope traverses were made in the same
way. Since some bias may be introduced in the way that palynomorphs will
distribute themsel;es on a coverslip it was decided to count each slide

in precisely the same way. The first horizontal traverse was made across
the middle of the coverslip 10mm in from the upper edge (farthest from the
investigator), the second was made lmm in from the upper edge and the
third, three-quarters of the way down which is 15mm in from the edge. A
maximum of one hundred entities were counted on any one traverse in order
that at least three proportional traverses would be assured on all slides.
The next three traverses, if they were needed, followed the same pattern
but 12, 6 and 20mm respectively, in from the upper edge of the coverslip.
All remaining traverses up to a total of 19 per slide were assigned from
a random number system chosen by lot at the beginning of the study. All
slides were counted in this manner at a magnification of 800X.

All samples of this study contained some palynomorphs, which varied
in quality and quantity. No decision was made at the beginning of the
microscope work as to a minimum standard of preservation which would be
required to identify the palynomorphs correctly., Later it was determined
that counts should be made only when at least ten well-preserved,
identifiable entities could be encountered in any traverse. By following

this formula, slides could be counted in a minimum of slightly less than
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an hour, for the very well-preserved samples, to generally less than six
hours for the slides with less well-preserved palynomorphs.

In order that consistency of sample quality and identifications might
be checked, upon completion of all sample counts the first few samples
were then recounted. The reason for counting these samples a second time
was to assure data validity and to incorporate any new identifications or
shifted species concepts. The identification of species did not become
stable until several samples were counted. The first 10 samples were
recounted and comparisons made with the original data; after the sixth
sample was recounted visual comparison revealed only slight differences
in the two sets of data.

A foot-switch-controlled tape recorder with the microphone attached
to the microscope was used to record the data. All spores and pollen,
which had previously been assigned a code identification formula (after
Tschudy, 1957), were identified onto the tape as they were encountered.
The microplankton in the counts were assigned to a genus and usually a
coded specific epithet. A hand-tally was used simultaneously to record
the total count., After three hundred entities were counted, the tape
was then played back and the data transferred directly onto a computer
card format count sheet. Computer data cards were punched from these
sheets.

All microscopic work was carried out with a Carl Zeiss Standard GFL
microscope. The photographs were taken with a Leitz Orthomat camera
adapted to the Zeiss microscope; Adox KB-14 film was used and the prints
were generally enlarged to standard magnifications of 750X or 1000X.

All slides are deposited in the palynology collection of the Geology

Department, Michigan State University.






ANALYSIS OF DATA
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In all, 224 species of palynomorphs were counted from five sections
of the Buck tongue of the Mancos Shale of eastern Utah and western Color-
ado. During the analysis phase of this study more than 350 organic—
walled entities were differentiated and kept separate for subsequent
evaluation. Those forms which, after further study, were considered to
be variations or unusual orientations of other established species were
later combined for the analysis and interpretation of the data.

As discussed in the previous section, a fixed sum count of 300
entities was made for each sample studied. In addition.to these fixed
sum counts, any new or different species encountered during further studies
of the slides (outside of the counts) were recorded as supplemental in-
formation for each sample. No prescribed measure of search was followed
to collect and record qualitative data (e.g. extra slides scanned or
certain numbers of traverses made, etc.). Only two new species of palyno-
morphs illustrated and described in this study were not included in the
fixed sum counts. Plate I (in pocket) contains all of the raw statistical
data collected for this study. An alphabetical 1list of all fossils by
genus and species has been provided at the beginning of the section on
systematics (Table 1V).

During the collection of data for this study, four unusual aspects
of palynologic distribution became apparent: 1) the paucity of bisac-
cate pollen and, gymnospermous pollen in general; 2) the small size of
all palynomorphs, and particularly the angiospermous pollen; 3) the rela-

tive paucity of microplankton, particularly the dinoflagellates; 4) ‘uni-
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form distribution of all palynomorphs throughout those samples studied and
the general lack of dominance within the flora.

Table I is a summary of the various groups of palynomorphs discussed.

Palynomorph % Occurrence for all Samples Nos. of: 7% of all
Groups from each Locality
Gen- Spe- Palyno-
era cies morphs

1 2 3 4 5

Number of Samples (16) (17) (35) (29) (44)
spores trilete 8.0 1.8 22,0 20.8 47.4 26 44 5.7
spores monolete 15.1 9.4 30.4 23.4 21.6 5 9 6.5
pollen angiosperm 14,6 6.7 23.8 18.3 36.6 21 67 41,5
pollen tricolpate 14,1 6.9 23.6 18.2 37.2 11 49  (37.8)

pollen monosulcate 20.1 9.3 29.1 19.2 22,2 2 4 ( 1.4)

pollen porate 18.5 2.9 24,0 19.7 34.9 8 14 (2,2
pollen gymnospermous 9.2 16.0 27.8 25,1 21.8 16 23 33.2
(except bisaccates)
pollen bisaccate 0.4 0.1 0.6 0.5 1.1 5 5 0.2
dinoflagellates 7.7 21,3 18,1 17.5 35.3 24 46 3.3
acritarchs 3.5 31.6 19.3 13.0 32.4 9 25 6.9
other non-terrestrial
fossils 1.3 48.6 11.1 4.2 34.7 4 9 0.2
1=Tuscher Wash 2=Crescent Wash 3=Cotton Creek
4=Westwater Wash 5=West Salt Creek

TABLE I. DISTRIBUTION OF PALYNOMORPH GROUPS BY PERCENT REPRESENTATION AT

EACH LOCALITY OF THE BUCK TONGUE
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The relatively low numbers of bisaccate pollen (conifer type) have been
observed by Anderson (1960), and Leopold (Dickinson, Leopold and Marvin,
1968) in the Fruitland Formation and the overlying Kirkland Shale from the
Four Corners area in Colorado and New Mexico, which is the same genefal age
as the Buck tongue. Leopold (1968) observed that the percentage of bisaccate
grains increases near the top of the Kirkland Shale from a count of 0 to
about 807 of the total palynomorphs. She further noted that the diverse
conifer free florule during the Campanian was '"undoubtedly a basin flora'
(p. 140) as opposed to an upland environment, (i.e., lowland (?) vs. upland)
at the Campanian-Maestrichtian boundary in the localities she studied. This
suggestion that the conifer free florule represents a source area that was
at a relatively lower altitude than when the conifer florule was dominant
may be a logical conclusion but oné would expect to be able to interpret
such a change of provenance from the sediments. In the case of the Buck
tongue sediments, no such change of sediments was noted. If a '"basinal"
type environment existed in the source area, then one should expect to find
some evidence such as: a) reduced sedimentation rates; b) carbonate rich
sediments; c) basinally deposited clays with small amounts of silt and/or
fine sand in stringers or thin laminae and a minimal amount of shoreline
sand buildups; d) an obvious change in relative abundances of other palyno-
morphs. Since none of the above criteria appear in the Buck tongue sediments
studied and since none were mentioned by Leopold (1968), or Anderson (1960),
then perhaps another alternative should be considered. Possibly the "upland
conifer flora" was present but located some several tens of miles west or
northwest from the basin of sedimentation in the Upper Cretaceous Wasatch
highlands (Fig. 1). In addition to a very broad tidal flat or fioodplain,

longshore currents could have circulated the more buoyant upland palyno-






26
morphs out of the near-shore basin of sedimentation to deeper waters. This
would be particularly feasible if a weak to moderate drainage system were
present in central Utah. Also, there is good evidence of longshore currents

to the north at this point in time, which supports this suggestion.

Locality: West Salt Creek West-  Cotton- Cres-  Tuscher
water wood cent Wash
Wash Creek Wash
Below Buck
Buck tongue
tongue
Number of samples: (4) (44) (29) (35) a7) (16)
Pollen type:
taxodiacoid pollen 207 1875 1661 1920 897 610
ephedroid pollen 1 7 10 8 4 0
tsugoid pollen 1 41 41 24 6 4
bisaccate pollen - 2 36 18 25 2 6
Classopollis pollen 10 67 28 36 3 6
eucomiiditian pollen 145 1099 1833 1964 1277 694
Total 366 3125 3591 2977 2189 1320
Total entities
counted 1200 13200 8700 10500 5100 4800

TABLE II. DISTRIBUTION OF MORPHOTYPES OF GYMNOSPERM POLLEN IN MANCOS SHALE
The morphologic distribution of bisaccate pollen shown in Table II;

demonstrates the relative paucity of this group as discussed aone. Alto-

gether this pollen group represents 0.2% of all the palynomorphs of this

study. The ephedroid, tsugoid and Classopollis morphologic types are also

under-represented as compared to older or younger rocks. None of these

pollen types represent more than 0.3% of the sample counts in this study.
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The taxodiaceous pollen are strongly represented in the rocks of the
Buck tongue but the taxonomic positions of some of the morphologic types
included in this group may be subject to question. For example, some
investigators would attribute the inaperturate grains to the coniferous
genus Araucaria; other smooth pollen with few morphologically diagnostic
features included in this group are even less well-understood. So the
taxodiaceous pollen may be over-represented by the presence of a small but,
at the present time, poorly understood factor in these smooth inaperturate
grains,

Statistical validity of the relative abundance of the Eucomiidites

presents a difficult problem at this time because of uncertainty in morpho-
logic interpretation. Some orientations of eucomiiditean grains recognized
in this study might have been placed in the angiosperms by other investi-
gators., This genus was originally described as an anglospermous tricolpate
pollen, but was subsequently transferred to the gymnosperms. It has since
been found in the micropyle of Early Cretaceous chlamydospermalean seeds,
Hughes (1961)., Studies by Couper (1958), and Hughes (1961), have demon-
strated a very high degree of variability within this genus, which presents
an even more complex problem of definition. The interpretations of Kuyl,
Muller and Waterbolk (1955), that the lack of radial symmetry is a most
critical feature in the interpretation of this genus, have been followed in
this study. This discussion is not meant to cast doubt upon the valid

representation of the Eucomiidites of this study, but more to explain why

a fossil genus representing almost one-half of all of the gymnosperms might
not be directly correlative to relative frequencies of other studies.

The gymnospermous pollen in the Buck tongue are distinctive by their
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pattern of distribution. The weakly represented groups such as Taxodiacea-
pollenites are ecologically significant but the strongly represented groups
as discussed above, are ecologically less well-understood. The taxodiaceous
pollen are dominant in flood plain flora. As previously discussed, a
flood plain environment is thought to be a dominant feature in the area of
the Buck tongue regression (Fig. 3). The eucomiiditean-type of pollen can
only be assumed to represent an element of the flood plain flora as inter-
preted from its widespread occurrence and prominent representation in the
pollen spectrum.

The second striking feature of the microfossils analyzed in this study
is the general size of the palynomorphs recovered. The average size of
spores and pollen is smaller than the same species from other parts of the
world as interpreted from many different studies. The spores are normally
only the minimum dimensions or smaller than the described types, and pollen
are usually less than the minimum dimension of specimens. This feature is
not apparent in other stﬁdies involving rocks of the same age. The micro-
plankton element of this study is small in size but normally within the
lower limits of the size range of the type species. The small size of the
pollen is difficult to explain; but flower size, leaf size and plant size
commonly respond to conditions of environment. Although confirming evidence
is lacking, pollen and spore size may be influenced by such conditions as
heat, drought, or nutrient poor soils, but there is no reported occurrence
of a similar reduced palynomorph-size spectrum. The marine microplankton,
although small, are not as greatly affected as the terrestrial pollen and
spores.

The third feature that stands out in this study is the relatively low
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total number of microplankton found. Examination of the sediments does not
indicate that such a relationship might exist. Even the cephalopod-bearing
calcareous intervals do not contain large numbers of dinoflagellates. The
Mancos Shale stratigraphically below the Buck tongue contains an abundant
and diverse dinoflagellate flora. It also contains abundant cephalopods in
the shale units along with fish scales and shark teeth. No cephalopods were
found in non-calcareous shales in the Buck tongue nor were shark teeth or
fish scales observed.

The relative absence of the autochthonous marine organic entities in
these sediments is prébably not fortuitous. It appears that for some
reason the Buck tongue seas did not produce large numbers of either verte-
brates or invertebrate organisms. Logically it seems that some '"toxic factor"
was effectively restricting the biology of these seas. This factor may have
been nutrient poor waters or there may have been another factor such as
excessive levels of copper, high water temperature or increased salinity.
Bu; it is evident that the Buck tongue seas did not produce as many in-
digenous organisms as one might reasonably except from examination of the
sediments. A second reason for these relatively low populations might be
simply that the Buck tongue seas were just not marine enough to permit the
development of a diverse marine community, or perhaps the water of the
relatively nearshore environment contained a heavy sediment load in suspension.
There are, however, at least two fossiliferous horizons in the thicker part
of the sequence, If the marine environment was simply too brackish or near
to shore, one would expect to find a more abundant microplankton flora
assoclated with the molluscan fauna but no association was observed. At

no place in the Buck tongue shale unit was any evidence of a vertebrate
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fauna found although a single dinosaur femur has been reported from one
locality (Fisher, et.al., 1960).

The fourth attribute that one might not expect is the extremely
diverse flora recovered from all samples of the Buck tongue sediments. Based
on other known studies of comparable age, many more species were encountered
than were expected. 1In all but two samples, over 50 different species
were found in a count of 300, The distribution was much more uniform than
was expected. Also, a dominant species in a palynologic investigation may
normally be expected to represent as much as 30 to 60% of the total flora
in any given sample., In this study, the dominant element never exceeded
16% of the total flora and was generally on the order of 10 to 12%.

Conclusions.--With the foregoing discussion in mind, the extreme

diversity presents a paradox. If one considers that the more favorable the
environment, the more diverse the flora, then the paucity of the conifer
type pollen must be explained, the small size of the pollen and spores
could hardly represent a hostile environment and the indicated small
recovery of marine fossils is not logical. Floodplains are normally very
productive in terms of biomass, and waters adjacent to a floodplain should
be expected to be high in both organic and inorganic nutrients. The large
number of fossil plant remains found, indicates that the Buck tongue seas
were receiving a relatively large amount of organic nutrients. Further a
very diverse flora has a high inorganic requirement, so these elements
should have been in abundant supply.

This evidence is difficult to explain in a non-contradictory way. The
only explanation that can be given at this time is that the fossil record

of the Buck tongue of the Mancos Shale represents a period of transition.
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This transition is reflected both in the bathymetry of the basin of depo-
sition (Fig. 2) and the upland source area. The marine sediments of the
Mancos Shale stratigraphically below the Buck tongue are rich in indigenous
fossils and appear to be lithologically very similar. Further, there are
frequent horizons of bentonite in the Mancos Shale but none was observed
in the Buck tongue, This probably indicates a period of relatively little
volcanic activity and tectonic stability in the source area and a reduced
flow of pollen—rich sediments from the distant highlands. The small pollen,
largely representative of a flood plain flora, could be indicative of un-
stable conditions of growth on the flood plain as discussed above. The
relative absence of marine microplankton probably represents a basin which
could reflect hypersalihity or more simply just a shallow less-marine
basinal environment. The writer has examined rocks of the same age (Pierre
Shale from Niobrara Co., Wyoming) from the Great Plains and there 1is no
indication of a comparable paucity of dinoflagellates. In fact, there is
more accurately a paucity of pollen and spores with a very diverse micro-
plankton flora. This feature is also observable in the sandier more shore-
ward facies of the Pierre Shale. The extreme diversity of pollen in
sediments of the Buck tongue can best be explained by calling attention to
the fact that this short period of time (mi&dle-late Campanian) represents
a time of rapidly evolving plant communities and may reflect a burst of
angiosperm evolution. This is particularly true for those plants which
produce triporate pollen. The first occurrence of this pollen is strati-
graphically a short distance below the Buck tongue in the Mancos Shale of
southwestern Colorado. Some twelve different triporate taxa were differ-

entiated in this study. It might be said then that there were many new
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and available "niches" being occupied during this time and that the diver-
sity of this study can best be explained in this way. With respect to the
above discussion, pollen size could be related to a feature of competition
in a rapidly evolving community and in this way be manifest in the smaller

size of the palynomorphs considered in this study.

Raleoecology
Paleogeography.--As discussed above, the basin of deposition of the

Buck tongue seas is believed to have developed as the result of a relatively
sudden downwarping of the site of Castlegate sedimentation. Hale and Van

de Graaff (1964) have interpreted this asymmetric cycle of deposition as

an epeirogenic downwarping of the depositional environments. Rapid flooding
"smeared" out the unconsolidated upper surface of the Castlegate sands to
produce a smooth, relatively flat surface upon which the Buck tongue shale
was deposited, forming a sharp sand-shale contact. This type of boundary is
not common in other marine transgressions of the area and is thought to be
the result of rapid flooding by the sea. The Buck tongue-Sego Sandstone
boundary is, by contrast, a complexly interfingered contact that reflects

a slowly retreating sea with pulsating water levels and/or a fluctuating
supply of clastic sediments.

The spatial relationships of the depositional environments are not
known, but Young (1966) suggests the various environmental belts in the
area of this study during middle Campanian (approximate time of the Buck
tongue Seas) are as follows: Littoral marine environment about 60 miles
wide; lagoonal environment about 25 miles wide; floodplain environment
about 100 miles wide; piedmont environment about 15 miles wide. Using

these very general figures it might be estimated that the highland area is
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140 miles west of the old shoreline and that the more open marine environ-
ment is 60 miles offshore.

Palynomorph distribution.--The distribution of palynomorphs by groups

is shown in Table III. These values were derived by dividing the total
number of occurrences for each group in all samples by the number of samples
in each locality, this value was then divided by 300, the number of specimens
counted per sample. The figures represent an average percent occurrence by
.morphologic group for each of the five sections studied. If the values for
the major groups were added down the columns, the total would be 100%. The
column on the right is the average for all sections, and is included as a
standard reference column as is the column of West Salt Creek below the
Buck tongue. The data for the latter column comes from four samples from
shale intervals in the Castlegate and from the Mancos Shale below the Buck
tongue, These samples as determined by lithologic relationships, represent
a more near-shore environment than the others in this study, but since it
is not an integral part of the Buck tongue, it is included in this section
only as a basis for comparison.

Most of the palynomorphs discussed here have one of two possible
sources: land-derived pollen and spores or indigenous marine fossil dino-
flagellates and acritarchs. The land derived palynomorphs are produced by
plants in varying amounts and are distributed by many different means., Sev-
eral studies on distribution of pollen and spores (e.g., Muller, 1959;
Koreneva, 1957, 1964; Cross et al., 1966; Traverse & Ginsburg, 1966; etc.)
demonstrate that irrespective of the vector of pollenation, the overwhelming
mass of pollen is distributed in the sediments by water. Traverse & Ginsburg

(1966) point out that the great bulk of pine pollen (one of the most bouyant
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Tuscher Crescent Cotton- West- West Salt Creek Total
wood water Below for
Wash Wash Creek Wash Buck t. Buck t. study

trilete spores 4.17% 0.1% 5.2%2 5.9%2 8.7% 12,9%2 6.1%
monolete spores 8.8 5.2 8.2 9.6 4,6 13.0 6.9
angiosperm pollen 54.2 23.6 40,5 37.6 49.6 34.0 42.4
tricolpate 48.1 22.0 36.6 34,1 46.0 29.4 (38.6)
monosulcate 2,6 1.1 1.7 1.4 1.0 2,5 ( 1.5)
porate 3.7 0.1 2.2 2,2 2.5 2.2 ( 2.2)
gymnospermous pollen 27.4 44.9 37.9 41.3 23,7 29.4 34,0
coniferous 0.2 0.2 0.5 0.8 0.6 0.3 ( 0.4)
bisaccate 0.1 0.0 0.2 0.2 0.3 0.2 ( 0.2)
dinoflagellates 2.3 5.9 2.4 2.9 3.8 3.2 3.4
acritarchs 2,2 18.4 5.5 4.4 7.3 6.6 7.0

other non-terrestrial
fossils 0.0 0.7 0.1 0.0 0.2 0.1 0.1

TABLE III. AVERAGE PER SAMPLE OCCURRENCE OF PALYNOMORPH GROUPS

BY LOCALITY (TOTAL OCCURRENCE/NO. OF SAMPLES/300)

of the pollen types) 1is dropped from the air in a relatively few miles from
its source but by contrast, it settles from a column of water very, very
slowly. It has been well-documented that distribution of palynomorphs is,
in general, a feature of hydrodynamics such as density, currents and turbu-
lence, and that their distribution is influenced by their bouyancy. The

dinoflagellates and other marine fossils of this study settle from the
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water in the same general ways as the pollen and spores except they have not
evolved such highly developed flotation devices as have some of the pollen.

The differences between columns in Table III is predictable with the
exception of Crescent Wash which appears to be anomalous. The percentages
of trilete spores increase with distance from shore. This group can more
or less be divided into two categories: 1) thin-walled spores which tend
to settle out of suspension slowly and, 2) thick-walled forms which tend
to settle out relatively faster. Although the distinction is subtle, the
number of thicker walled forms are more common at and around the lower and
upper contacts of the shale., Conversely, the thin-walled forms tend to be
more common in the center of the shale unit. The high concentration of
spores below the Buck tongue can be attributed to their relatively large
size. The small palynomorphs have simply been winnowed out of these coarse
sediments, thus increasing the relative abundance of larger spores.

Monolete spores demonstrate the gradational effect of relative abun-
dance even more dramatically than do trilete spores. This is true because
there are fewer species of monolete grains and their wall structure is uni-
formly thicker than the trilete grains in this study.

Angiosperm pollen is small and relatively more dense than spores, and
are more abundant in the nearshore sediments of Tuscher Wash than the
sections more distant from shore. The relative abundance of angiosperm pollen
in the West Salt Creek section is greater than expected by comparison with
the other sections. Careful examination of the raw data of Chart I (in
pocket) will show that larger grains such as the Aquilapollenites tend to
be more common in the offshore sections. These are only relative relation-
ships and changes are so subtle that no absolute conclusions about distri-

bution can be drawn.
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The distribution of gymnospermous pollen inversely follows that of
angiosperm pollen. The same general discussion of distribution probably
holds for both groups.

The distribution of the marine component of this study calls attention
to the anomaly at Crescent Wash and suggests a plausible explanation. The
high frequencies of dinoflagellates and acritarchs at this locality demon-—
strate that this section is more marine than any other; even though relative
to the suggested shoreline trends, this station should be only slightly
more marine than Tuscher Wash and less marine than Cottonwood Creek. The
distribution of all other palynomorphs indicates that Crescent Wash is
affected by a barrier to normal gradational offshore distribution. If this
section were simply deposited in a deep portion of the basin the non-marine
fossils would not be expected to reflect this by their distribution. Since
there is a noted reduction of allocthonous fossils at Crescent Wash it is
clear that some landward barrier such as a bank or large barrier bar must
have controlled the distribution of currents around this geographic area.
The lithology of Crescent Wash does not reflect this barrier.

The distribution of palynomorphs is graphically displayed in Fig. 4.
As discussed above, the relative marine influence appears to balloon at
Crescent Wash with a much greater reduction in the relative numbers of
spores than of pollen. The second greatest abundance of marine fossils is
found at West Salt Creek, the section that is most distant from shore and
would be expected to contain more marine fossils.

The relationships between non-angiosperm, marine and angiosperm fossils
can be noted in Fig. 5. Traverse and Ginsburg (1966) point out that small

dense pollen settle out of the water column close to shore, while larger
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more bouyant microfossils settle out more slowly and therefore farther
from shore. This point appears to be in conflict between Tuscher Wash
(near shore) and West Salt Creek (most distant from shore). But as one
examines the morphologic types and pollen distribution of Plate I (in
pocket) a subtle difference can be noted in concentrations of angiosperm
pollen between the two sections, but the relative differences are not ob-
vious enough to describe. The marine component of Fig. 6 indicates that
the West Salt Creek section is about normal and is above the average for
the study as shown in Table III, The angiosperm distribution is entirely
predictable for all other sections.

The fossil distribution of Fig. 6 further delineates the morphologic
groups of palynomorphs of this study. The monolete and trilete spore cate-
gories have been separated and show some variation relative to degree of
marineness. For example, monolete spores are strongly represented below
the Buck tongue, as they are at Tuscher Wash, both represent near shore
environments. The monolete spores found at other locations are more
commonly the thinner-walled types such as Laevigatosporites ovatus,

The distribution of the gymnospermous pollen presents an interesting
relationship (Fig. 6). This group at West Salt Creek is not as well repre-
sented as at other localities. On the surface one might suggest that this
locality is far enough from shore (about 70-80 miles at maximum trans-
gression) to allow the gymnospermous pollen to be reduced in their relative
numbers. The facts are, however, that only the more demse forms have settled
out at this point as can be noted in Table III. The coniferous pollen are
well represented and the bisaccates in particular are more common at this

locality than at any other.
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Conclusions.--The basin of the Buck tongue seas developed relatively
fast, spreading westward over the littoral and lagoonal area of the old
Castlegate depositional site. The flood plain environmental belt appears
to have been the dominant feature of the ancient landscape. This point is
supported by the discussion on page 30, in that the diverse flora represents
a flood plain environment. The upland flora was probably located in excess
of 140 miles from the shoreline which lends support to the explanation for
the paucity of coniferous pollen, particularly if this was associated with
a weak drainage system in the area of the Book Cliffs.

The section at Crescent Wash appears to be more marine than any other
section studied, in spite of the fact that this section was quite close to
shore. A probable explanation for this unexpected marineness is a deeper
depression at the site or possibly a landward barrier or sill which would
dilute the land derived palynomorphs and freshening effect of local drainage.
With the exception of Crescent Wash the evidence from palynology indicates
a steady progression of marineness from Tuscher Wash to West Salt Creek.

An increase in marineness of the stratigraphic sections from bottom and
top into the middle can be interpreted from visual examination of the raw
data (Plate I in pocket).

The monolete spores appear to be the best indicators of non-marineness.
The Leiosphaeridium spp. and species of the genus Micrhystridium appear to
be good indicators of a more open marine environment. The dinoflagellate
genus Hexagonifera appears to be as common in near shore to brackish environ-
ments as they are to open marine. This statement is based on the assumption
that the upper part of the Tuscher Wash section, which is composed of

porcellaneous shale and sandstone stringers is probably brachish in origin
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(Young, 1957) and is certainly less marine than the typical mancos-type

marine shale.

Evolution

The increment of time involved in the deposition of the Buck tongue
is geologically very short, probably in the general range of one million
years, based on estimated rates of sedimentatior;. No extinctions or first
occurrences were observed in this study and it is not possible to assess
the meaning of any of the changes in relative abundances. However, there
are some changes in the pollen spectrum that could reflect evolution as
discussed on page 30 of this study. The species Tricolpopollenites parvulus
and T. debilis tend to occur at a greater frequency above the mid-point
(also the datum of Fig. 7) of at least three of the five sections. The
same general kinds of trends can be noted in the distribution of several
species of this study, particularly some of the tricolpate pollen.

Conclusion.--On the basis of our present understanding of morphologic
variation in palynology, it is not possible to designate the cause of
variation in species abundance through the section as a function of evo-
lution or simply one of ecologic response. The best estimate of the
shortest period of time then can be delineated on fossil evidence is 0.12
or 0.5 million years. These very impressive results are based on morpho-
logic variation in several groups of well-known invertebrate fossils,
Kauffmann and Kent (1968). So without more convincing evidence one should
be reluctant to assign evolutionary significance to variation in frequency
of occurrence of the fossils of this study, which probably represents well

under one million years.



SUMMARY OF MAJOR FINDINGS

Discussion of Palynomorphs

1.

The fossil record of the Buck tongue of the Mancos Shale is representa-
tive of a transitional environment, both in the bathymetry of the basin
of deposition and the upland flora.

The distant highlands (Wasatch Plateau) were undergoing a period of
relative quiescence during the time of the Buck tongue seas.

The diverse pollen and spore spectrum is largely representative of a
floodplain environment during a period when plant communities were
evolving very rapidly and may represent a burst in evolution of some
of the angiosperm groups.

The paucity of dinoflagellates in the Buck tongue sediments probably
indicates rather shallow seas and a restricted marine environment.

No completely acceptable explanation for the small size of the pollen
has been found but it is suggested that it might be related to a rapidly

evolving angiosperm community.

Paleoecology

6.

The basin of deposition of the Buck tongue seas developed relatively
fast, without leaving a record of the transition from lagoonal-littoral
environments during the transgressive phase of the cycle, but these
belts are well documented during the regressive phase.

The flood plain environment was the dominant feature of the ancient
landscape and is postulated to have been about 100 miles wide.

The upland flora is suggested to have been 140 miles behind the shore-
line and is thought to be the major factor in the unexpectedly low

number of coniferous pollen of this study.
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9. An anomaly in the trend from least marine in the west and most marine
in the east is noted at Crescent Wash, the second section from the
west. A local topographic high in the basin 1is postulated to the
west diluting the effect of the land derived palynomorphs.

10. Monolete spores appear to be the best indicator of nearshore condi-
tions.

11. The species of the genus Leiosphaeridium and the genus Micrhystridium
are found to be the best indicators of a marine environment.

12. The dinoflagellate genus Hexagonifera, in this study, is found to be
as common in near shore to brackish water sediments as they are in
the more open marine sediments,

Evolution

13, The time of the Buck tongue transgression was of such short duration
that evolution was insufficient to recognize terminations of old taxa
or introductions of new taxa.

Taxonomy

14, Statistical data is recorded on 224 species of palynomorphs from

middle Campanian sediments of the Book Cliffs, patterns of distribu-
tion and morphologic characteristics are discussed and natural

affinities are suggested where possible.



SYSTEMATICS

Introduction

The flora described here consists of 33 genera and 54 species of
spores, 16 genera and 23 species of gymnosperm pollen, 22 genera and
67 species of Angiosperm pollen, 12 genera and 32 species of Acritarch
or Algae, 23 genera and 46 species of dinoflagellates and 2 categories
of microforams. Tablely lists the palynomorph assemblage described from
the Buck tongue of the Mancos shale.

This brief taxonomic treatment is arranged alphabetically within
broader categories of spores, pollen and microplankton, and follows the
botanical code throughout. The group acritarchs is used as proposed by
Downie, Evitt and Sarjeant (1963).

Each specimen described carries a reference to a published type if
one exists, the cryptic code used for informal identification, the number
of occurrences within this study, comments and its botanic affinity for
spores and pollen. If no published species exists a description if pro-
vided and an address of a typical species is given in millimeters down
and to the right of the upper left hand corner of the cover slip with the
slide placed in the microscope stage with the label to the left. The
slide number refers to the paleobotany collection at Michigan State Uni-
versity. The occurrence lists the number of samples in which a species
occurred and the number of times that it occurred in all counts, if the
number is small the actual count is given, otherwise the range is given

in percent of occurrence per sample.
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Table IV: List of Flora (by genera and species) examined from the Buck

tongue of the Mancos Shale,

TRILETE SPORES

Acanthotriletes levidensis Balme 1957

Acanthotriletes varispinosus Pocock 1962
Apiculatisporis ferox Muller 1968

Appendicisporites potomacensis Brenner 1963
Appendicisporites sp. A

Appendicisporites sp. B

Balmeisporites holodictyus Cookson & Dettmann 1958
Biretisporites potoniaeil Delcourt & Sprumont 1955
Biretisporites psilatus (Groot & Penny) Dettmann 1963
Biretisporites spectabilis Dettmann 1963
Camarozonosporites insignis Norris 1967

Chomotriletes sp.

Cicatricosisporites brevilaesuratus Couper 1958
Cicatricosisporites dorogensis Potonie & Gelletich 1933
Cingulatisporites pseudoalveolatus Couper 1958
Cingutriletes clavus (Balme) Dettmann 1963

Cyathidites australis Couper 1953

Cyathidites minor Couper 1953

Deltoidospora hallii Miner 1935

Deltoidospora psilostoma Rouse 1959

Distaverrusporites simplex Muller 1968
Distaverrusporites (Leptolepidites) verrucatus (Couper, 1953) comb. nov.
Echinatisporis longechinus Krutzsch 1959

Foveospiris triangulus Stanley 1965

Gleicheniidites cercinidites (Cookson) Dettmann 1963
Gleicheniidites senonicus Delcourt & Sprumont 1955
Gleicheniidites sp.

Hamulatisporis hamulatis Krutzsch 1959

Klukisporites variegatus Couper 1958

Leiotriletes pseudomaximus (Pflug & Thomson) Stanley 1965
Lycopodiumsporites marginatus Singh 1964
Matonisporites equiexinus Couper 1958

Osmundacidites alpina Klaus 1960

Osmundacidites senectus Balme 1963

Osmundacidites wellmannii Couper 1953

Osmundacidites sp.

Rugutriletes toratus Pierce 1961

Stereisporites antiquasporites (Wilson & Webster) Dettmann 1963
Stereisporites minor (Raatz) Krutzsch sbsp. minor Krutzsch 1963
Todisporites minor Couper 1958

Toroisporis sp.

Trilites tuberculiformis Cookson 1947

Triplanosporites microsinuosus Pflanzl 1953
Triplanosporites sinuosus Pflug 1953

Triplanosporites sp.
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MONOLETE SPORES

Laevigatosporites anomalus Norton 1969

Laevigatosporites gracilis Wilson & Webster 1946
Laevigatosporites haardti (Potonie & Venitz) Thomson & Pflug 1953
Laevigatosporites ovatus Wilson & Webster 1946
Microfoveolatosporis neogranuloides Krutzsch 1967
Perinomonoletes pliocaenicus Krutzsch 1967

Polypodiidites secundus (Potonie) Krutzsch 1967

Polypodiidites senonicus Ross 1949

Verrucatosporites megabalticus Krutzsch 1967

Umbosporites callosus Newman 1965

GYMNOSPERMOUS POLLEN

Alisporites similis (Balme) Dettmann 1963
Caytonipollenites pallidus (Reissinger) Couper 1958
Cedripites canadensis Pocock 1962

Circulina parva Brenner 1963

Classopollis classoides Pflug emend. Pocock & Jansonius 1961
Cycadopites fragilis Singh 1964

Cycadopites giganteus Stanley 1965

Equisetosporites multicostatus (Brenner) Norris 1967
Equisetosporites ovatus (Pierce) Singh 1964

Eucommiidites minor Groot & Penny 1960

Eucommiidites troedssonii Erdtman 1948

Eucommiidites (?) sp.

Foveoinaperturites forameniferus Pierce 1961
Ginkgocycadophytus nitidus (Balme) de Jersey 1962
Inaperturopollenites dubius (Potonie & Venitz) Thomson & Pflug 1953
Inaperturopollenites magnus (Potonie) Thomson & Pflug 1953
Parvisaccites radiatus Couper 1958

Podocarpidites ellipticus Cookson 1947

Schizosporis parvus Cookson & Dettmann 1959

Schizosporis sp.

Taxodiaceapollenites hiatus (Potonie) Kremp 1949

Tsu gaepollenites mesozoicus Couper 1958

Tsugaepollenites segmentatus (Balme) Dettmann 1963

ANGIOSPERM POLLEN (Monosulcate)

Liliacidites variegatus Couper 1953
Liliacidites sp.

Monosulcites sp. A

Monosulcites sp. B
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ANGIOSPERM POLLEN (Tricolpate)

Aquilapollenites amplus Stanley 1961
Aquilapollenites delicatus Stanley 1961
Aquilapollenites novacolpites Funkhouser 1961
Aquilapollenites polaris Funkhouser 1961
Aquilapollenites pyriformis Norton 1965
Aquilapollenites quadrilobus Rouse 1957
Aquilapollenites reticulatus Stanley 1961
Aquilapollenites trialatus Rouse 1957
Aquilapollenites turbidus Tschudy & Leopold 1970
Aquilapollenites sp.

Cupanieidites reticularis Cookson & Pike 1954
Cupanieidites sp.

Fraxinoipollenites variabilis Stanley 1965
Gemmatricolpites gemmatus Pierce 1961
Gemmatricolpites pergammatus Muller 1968
Myrtaceidites sp.

Psilatricolpites psilatus Pierce 1961
Psilatricolpites sp.

Retitricolpites georgensis Brenner 1963
Retitricolpites geranioides Brenner 1963
Retitricolpites minutus Pierce 1961
Retitricolpites oblatoides Pierce 1961
Retitricolpites paraneus Norris 1967
Retitricolpites peroblatus Muller 1968
Retitricolpites prosimilis Norris 1967
Retitricolpites vermimurus Brenner 1963
Retitricolpites vulgaris Pierce 1961
Retitricolpites sp.

Tricolpites anguloluminosus Anderson 1960
Tricolpites bathyreticulatus Stanley 1965
Iricolpites erugatus Hedlund 1966
Tricolpites hians Stanley 1965
Tricolpites 1illiei Couper 1953
Tricolpites parvus Stanley 1965

Tricolpites sagax Norris 1967

Tricolpites sp.
Tricolpopollenites debilis Groot, Penny & Groot 1961

Tricolpopollenites elongatus Groot & Groot 1962
Tricolpopollenites micromurus Groot & Penny 1960
Tricolpopollenites minutus Brenner 1963

Tricolpopollenites parvulus Groot & Penny 1960
Tricolpopollenites platyreticulatus Groot, Penny & Groot 1961
Tricolpopollenites retiformis Pflug & Thomson 1953
Tricolpopollenites sp. A

Tricolpopollenites sp. B




49
ANGIOSPERM POLLEN (Tricolporate)
Psilatricolporites acuticostatus Muller 1968

Psilatricolporites prolatus Pierce 1961
Iricolporopollenites microreticulatus Pflug & Thomson 1953

ANGIOSPERM POLLEN (Triporate)

Engelhardtioidites minutus Newman 1965
Momipites circularis Norton 1969
Myrtaceoipollenites peritus Newman 1965
Proteacidites mollis Samoilovitch 1961
Proteacidites retusus Anderson 1960
Proteacidites symphoenoides Cookson 1950
Proteacidites thalmannii Anderson 1960
Proteacidites sp.

Sporopollis laqueaeformis Weyland & Greifeld 1953
Triporopollenites rugatus Newman 1965
Triporopollenites tectus Newman 1965
Trudapollis meekeri Newman 1965

ANGIOSPERM POLLEN (Polyporate)

Liguidambarpollenités stigmosus (Potonie) Raatz 1937
Liquidambarpollenites sp.

Group ACRITARCHA Evitt 1963

Baltisphaeridium delicatum Wall 1965

Baltisphaeridium hirsutum (Ehrenberg) Downie & Sarjeant 1963
Baltisphaeridium infulatum Wall 1965

Baltisphaeridium sp.

Micrhystridium biornatum Deflandre 1937

Micrhystridium fragile Deflandre 1947

Micrhystridium inconspicum Deflandre emend. Deflandre 1937
Micrhystridium minutispinum Wall 1965

Micrhystridium roquesi Valensi 1948

Micrhystridium sp.

Subgroup POLYGONOMORPHITAE Downie, Evitt & Sarjeant 1963

Veryhachium reductum (Deunff) de Jekhowsky fa. breve de Jakhowsky 1961
Veryhachium reductum (Deunff) de Jakhowsky fa. reductum de Jakhowsky 1961
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Subgroup SPHAEROMORPHITAE Downie, Evitt & Sarjeant 1963

Leiosphaeridia sp. A
Leiosphaeridia sp. B
Leiosphaeridia sp. C

Subgroup NETROMORPHITAE Downie, Evitt & Sarjeant 1963

Leiofusa jurassica Cookson & Eisenack 1958
Leiofusa sp. A

Subgroup HERKOMORPHITAE Downie, Evitt & Sarjeant 1963

Cymatiosphaera eupeolos (Valensi) Deflandre 1954
Cymatiosphaera exilissima (Deflandre) Deflandre 1954
Cymatiosphaera pachytheca Eisenack 1957
Cymatiosphaera stigmata Cookson & Eisenack 1958

Subgroup PTEROMORPHITAE Downie, Evitt & Sarjeant 1963

Pterospermopsis australiensis Deflandre & Cookson 1955

Pterospermopsis ginginensis Deflandre & Cookson 1955

Subgroup DINETROMORPHITAE Downie, Evitt & Sarjeant 1963

Diplotesta luna Cookson & Eisenack 1960

Subgroup UNCERTAIN

Palaeostomocystis laevigata Drugg 1967

Class CHLOROPHYCEAE
Order CHLOROCOCCALES
Family UNCERTAIN

Palambages deflandrei Gorka 1963
Palambages morulosa 0. Wetzel 1961
Palambages forma WC" Manum & Cookson 1964

Quisquilites(?) pluralis Hemer & Nygreen 1967
Quisquilites(?) ornatus Hemer & Nygreen 1967

Tetraporina glabra (?) Namova 1950
Tetraporina horologia (Staplin) Playford 1963
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Class DINOPHYCEAE
Cyst-Family GONYAULACYSTACEAE Sarjeant & Downie 1966

Leptodinium distertitum Cookson & Eisenack 1965

Cyst-Family PERIDINIACEAE Sarjeant & Downie 1966

Apteodinium grande Cookson & Hughes 1964
Spinidinium densispinatum Stanley 1965
Spinidinium styloniferum Cookson & Eisenack 1962

Cyst-Family PYXIDIELIACEAE Sarjeant & Downie 1966

Komewuia glabra Cookson & Eisenack 1960

Cyst-Family BROOMEACEAE Sarjeant & Downie 1966

Canningia colliveri Cookson & Eisenack 1960

Cyst-Family HYSTRICHOSPHAERIDACEAE Sarjeant & Downie 1966

Cleistosphaeridium heteracanthum (Deflandre & Cookson) Davey & Williams 1966
Cordosphaeridium fasciatum Davey & Williams 1966

Cordosphaeridium fibrospinosum Davey & Williams 1966

Hystrichokolpoma ferox (Deflandre) Williams & Downie 1966
Hystrichosphaeridium bowerbanki Davey & Williams 1966
Hystrichosphaeridium readei Davey & Williams 1966

Hystrichosphaeridium tubiferum (Ehrenberg) Davey & Williams 1966
Oligosphaeridium prolixispinosum Davey & Williams in Davey, et al. 1966
Oligosphaeridium complex (White) Davey & Williams 1966

Polysphaeridium subtile Davey & Williams 1966

Prolixosphaeridium deirense Davey & Williams 1966

Cyst-Family EXOCHOSPHAERIDIACEAE Davey et al. 1966

Exochosphaeridium phragmites Davey et al. 1966

Cyst-Family AREOLIGERACEAE Sarjeant & Downie 1966

Circulodinium deflandrei Alberti 1961
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Cyst-Family HYSTRICHOSPHARACEAE Sarjeant & Downie 1966

Hystrichodinium pulchrum Deflandre ex. Deflandre 1936

Hystrichosphaera cingulata (0. Wetzel) Deflandre 1958

Hystrichosphaera ramosa (Ehrenberg) var. gracilis Davey & Williams in
Davey et al. 1966

Hystrichosphaera ramosa var. multibrevis Davey & Williams 1966

Hystrichosphaera ramosa (Ehrenberg) var. ramosa Davey & Williams 1966

Hystrichosphaera ramosa (Ehrenberg) var. reticulata Davey & Williams 1966

Pterodinlum aliferum Eisenack 1958

Cyst-Family DEFLANDRACEAE Sarjeant & Downie 1966

Deflandrea cincta Cookson & Eisenack 1958
Deflandrea diebeli Alberti 1959
Deflandrea oebisfeldensis Alberti 1959
Deflandrea pannucea Stanley 1965
Deflandrea scheii Manum 1963

Cyst—Family ENDOSCRINIACEAE Sarjeant & Downie 1966

Palaeohystrichophora infusorioides Deflandre 1934
Palaeohystrichophora isodiametrica Cookson & Eisenack 1958

Cyst-Family HEXAGONIFERACEAE Sarjeant & Downie 1966
Hexagonifera chlamydata Cookson & Eisenack 1962

Hexagonifera glabra Cookson & Eisenack 1961
Hexagonifera suspecta Manum & Cookson 1964

Cyst-Family PSEUDOCERATIACEAE Sarjeant & Downie 1966

Odontochitina striatoperforata Cookson & Eisenack 1962

Cyst-Family MEMBRANILARNACACEAE Sarjeant & Downie 1966

Chlamydophorella grossa Manum & Cookson 1964

Cyst-Family UNCERTAIN

Diconodinium arcticum Manum & Cookson 1964
Dinogymnium acuminatum Evitt 1967
Dinogymnium cretaceum (Deflandre) Evitt et al. 1967
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Dinogymnium digitus (Deflandre) Evitt et al. 1967
Dinogymnium westralium (Cookson & Eisenack) Evitt et al. 1967
Dinogymnium sp. "2" Evitt 1967

Dinogymnium sp.

Horologinella incurvatum Cookson & Eisenack 1962

Microforam sp. A

Microforam sp. B




R G

54
TRILETE SPORES

Genus Acanthotriletes (Naumova) Potonie & Kremp 1954
Type species Acanthotriletes ciliatus (Knox) Potonie & Kremp 1954
Acanthotriletes levidensis Balme 1957

Plate 1, Figures 2, 3

1957 C.S.I.R.O. Australia, Coal Res. Sect. T.C. 25, p. 18, pl. 1, figs.

18, 19.
Code. Tlsp-3.

Occurrence. 16 samples; 0.3 to 0.7%.

Comments. Different investigators interpret this species in various

ways to include specimens with surface ornamentation from almost granu-
lar to those with quite long spines. For this reason there are many
reports of this species in the literature. The type material ranged
from 21 to 30 microns; the specimens examined in this study generally

are less than 20 microns.

Affinity. Balme (1957) refers this species to the Selaginellaceae.

Acanthotriletes varispinosus Pocock 1962
Plate 1, Figure 1
1962 Palaeontographica, v. 111, Abt. B, p. 36, pl. 1, figs. 18-20.
Code. Tlsp-l.

Occurrence. 11 samples; 11 times.

Comments. Pocock (1962) states that there is little doubt that these

spores are of selaginellacous affinity, and that it is probable that

spores described under the generic names Selaginella, Pteris, or Lycopodia-

cidites are representatives of the same botanical group.

Affinity. Selaginella.
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Genus Apiculatisporis Potonie & Kremp 1956

Type species Apiculatisporis aculeatus (Ibrahim) Potonie & Kremp 1956

Apiculatisporis cf. A. ferox Muller 1968

Plate 1, Figure 4
1968 Micropaleontology, v. 14, p. 6, pl. 1, fig. 5.

Code. Tlsp-2.

Occurrence. 7 samples; 8 times.

Comments. The specimens found in the Buck tongue compare very closely
wvith those of Muller (1968) except that the type specimen has thin lae-
surae, and at least some of the specimens examined in this study have
raised laesurae and thin margos.

Affinity. Unknown.

Genus Appendicisporites Weyland & Krieger 1953

Type species Appendicisporites tricuspidatus Weyland & Krieger 1953

Appendicisporites potomacensis Brenner 1963

Plate 1, Figures 5, 6
1963 Maryland Dept. Geol., Mines & Water Res. State, Bull. 27, p. 46,
pl. 6, figs. 4, 5.

Code. Tlcic-4.

Occurrence. 4 samples; 4 times,

Comments. Norris (1967) placed several previously described species
in synonomy with A. potomacensis thereby increasing the known distribution
of this palynomorph from the Lower Cretaceous of England, Maryland, Nova
Scotia and Alberta to the Cenomanian of Alabama. The two figures show
the range of size and ornamentation of those entities found in this study.

Affinity. Schizaeaceae.
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Appendicisporites sp. A
Plate 1, Figure 7

Code. Tlcic-7.

Description. Trilete, radial; laesurae simple straight slits, about
three-fourths radius of spore; equatorial outline rounded-triangular;
sides convex; apical angle well rounded; ektexine ornamented by flat,
wide ribs, separated by narrow furrows, the outer rib forming an equa-
torial cingulum up to 5 microns wide., Diameter of the spore is 32 microns.

Occurrence. 2 samples; 2 times.

Comments. This specimen seems most closely allied with A. cooksonii
(Balme) Pocock (1964), except the size is 10 microns smaller than the
minimal size stated by Pocock and the ribs are not as wide.

Reference specimen. Pb4758-1 D18.2xR7.6.

Affinity. Schizaeaceae.

Appendicisporites sp. B
Plate 1, Figure 8

Code. Tlcic-8.

Description. Trilete, radial; laesurae simple straight slits, about
three-fourths radius of spore; equatorial outline triangular with straight
sides and rounded apices; proximal exine thickened in the area bordering
the laesurae; distal ektexine ornamented with irregular ribs, each parallel
to a side and the outer rib forming a thick equatorial girdle. Diameter,
37 microns.

Occurrence. 5 samples; 5 times.

Comments. This specimen agrees very closely to A. perplexus Singh
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(1964) in size, shape and ornamentation, but differs in its wall thickness
and the nature of its laesurae,
Reference specimen. Pb4737-7 D10.5xR7.2.

Affinity. Schizaeaceae.

Genus Balmeisporites Cookson & Dettmann 1958
Type species Balmeisporites holodictyus Cookson & Dettmann 1958
Balmeisporites holodictyus Cookson & Dettmann 1958
Plate 1, Figure 10

1958 Micropaleontology, v. 4, p. 42, pl. 2, fig. 1.

Code. Balmeisporites-1.

Occurrence. None were counted in the 300 sum.

Comments. One good specimen and 1 fragment of this species were
found but none fell within the 300 count used for the quantitative aspects
of this study.

Affinity. Unknown.

Genus Biretisporites Delcourt & Sprumont emend. Delcourt, Dettmann & Hughes 1963
Type species Biretisporites potoniaei Delcourt & Sprumont 1955
Biretisporites potoniaei Delcourt & Sprumont 1955
Plate 1, Figures 11, 12
1955 Mem. Soc. Belge Geol., n.s., no. 5, p. 40, fig. 10.
Code. Tlsm-16.
Occurrence. 67 samples; 0.3 to 1.3%.
Comments. This thin-walled spore generally occurs in the lowest per-
centage indicated (1 in 300) and demonstrates no recognizable pattern of

distribution. The Buck tongue specimens are similar to those of the
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species of Delcourt & Sprumont (1955) except that they have a somewhat

thinner exine and are smaller in size.

Affinity. Hymenophyllum (?).

Biretisporites cf. B. psilatus (Groot & Penny) Dettmann 1963
Plate 1, Figures 13, 14

1963 Proc. Roy. Soc. Victoria, v. 77, p. 26.

Code. Tlsm-17.

Occurrence. 24 samples; 0.3 to 1.3%.

Comments. This species appears to be quite similar to the specimen
figured by Groot & Penny (1960) (under the generic name Cingulatisporites)
which Dettmann (1963) placed in the emended genus Biretisporites.

Affinity. Unknown.

Biretisporites spectabilis Dettmann 1963

Plate 1, Figure 15
1963 Proc. Roy. Soc. Victoria, v. 77, p. 25, pl. 12, figs. 3-8.

Code. Tlsm-4.

Occurrence. 4 samples; 4 times.

Comments. This very distinctive fossil spore is the largest spore
encountered in this study. It has been reported only from the lower
horizons of the Upper Mesozoic strata of Victoria (Dettmann, 1963).
Specimens of the type species range from 77 to 122 microns while the
specimens seen in this study range from 55 to 75 microns. Rouse's (1957)
genus Hymenophyllumsporites has been placed in synonomy with this genus.

Affinity. Rouse (1957) suggests a relationship of B. (Hymenophyllum-

sporites) deltoidus to the genus Hymenophyllum L.
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Genus Camarozonosporites Pant ex. Potonie emend. Klaus 1960

Type species Camarozonosporites cretaceus (Weyland & Krieger) Potonie 1956

Camarozonosporites insignis Norris 1967

Plate 1, Figure 9
1967 Palaeontographica, v. 120, Abt. B, p. 96, pl. 13, figs. 12-16.
Code. Tlst-1.
Occurrence. 29 samples; 0.3 to 1l.7%.
Comments. This species agrees with the type species of Norris (1967),
but it tends to measure in the range of 30 microns, or smaller, the lower
limit of the type description.

Affinity. Lycopodium.,

Genus Chomotriletes (Naumova) ex. Naumova 1953

Type species Chomotriletes vedugensis (Naumova) ex. Naumova 1953

Chomotriletes sp.

(not figured)

Code. Chomotriletes-1.

' Description. Trilete, radial, trilete mark very faint; equatorial

outline circular; distal side ornamentated with concentric ridges about
1 micron wide. Diameter, 22 micronmns.

Occurrence. 2 samples; 2 times.

Comments. This species occurred in 2 samples and in both cases was
rather corroded, and might well have been a reworked spore. A suitable
specimen to photograph was not found.

Affinity. The structure of this spore indicates a schizaeaceous

affinity.
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Genus Cicatricosisporites Potonie & Gelletich 1933

Type species Cicatricosisporites dorogensis Potonie & Gelletich 1933

Cicatricosisporites cf. C. brevilaesuratus Couper 1958

Plate 2, Figures 4, 7

1958 Palaeontographica, v. 103, Abt. B, p. 136, pl. 18, figs. 1-3.

Code. Tlcic-3.

Occurrence. 38 samples; 0.3 to 1.3%.

Comments., Figure 7 was counted in this study as Tlcic-10, and
occurred in 2 samples, so in order to facilitate the analysis, these
two taxa were combined. The only difference in the two categories is
their size; Tlcic-3 ranged from 40 microns up and Tlcic~10 is about 70
microns in diameter, the latter is more closely comparable to the species
as described by Couper (1958).

Affinity. According to Couper (1958) this species compares closely
to Schizaeopsis americana Berry from the Neocomian Patuxent Formation

of Maryland.

Cicatricosisporites dorogensis Potonie & Gelletich 1933

Plate 2, Figure 2
1933 Gessellschaft Naturforschender Freunde zu Berlin, p. 522, pl. 1,
figs. 1-5.
Code. Tlcic-2.
Occurrence. 28 samples; 0.3 to 1.3%.
Comments. (Identified in this study, sensu Couper, 1958). The range
of this species has been established from Lower Cretaceous (possibly Upper

Jurassic) to Eocene and it has been reported from both the southern and
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northern hemispheres. It has been reported from Upper Cretaceous sediments
in Alberta, Colorado, Oklahoma, Alabama, the Atlantic Coastal Plains, and
the Great Valley of California.
Affinity. Cicatricosisporites dorogensis is a fossil spore with
definite schizaeaceous affinities, and is often assigned to the genus

Anemia or Mohria.

Genus Cingulatisporites Thomson in Thomson & Pflug 1953
Type species Cingulatisporites levispeciosus Pflug in Thomson & Pflug 1953
Cingulatisporites cf. C. pseudoalveolatus Couper 1958
Plate 2, Figure 1
1958 Palaeontographica, v. 103, Abt. B, p. 147, pl. 25, figs. 5, 6.

Code. T1f-1.

Occurrence. 7 samples; 7 times.

Comments. This species is similar to Couper's (1958) specimen, but
it has a wider cingulum, and a thinner exine. As is typical for most of
the spores found in the Buck tongue, the size range is slightly smaller
than the type species.

Affinity. Unknown.

Genus Cingutriletes Pierce emend. Dettmann 1963
Type species Cingutriletes congruens Pierce 1961
Cingutriletes cf. C. clavus (Balme) Dettmann 1963
Plate 2, Figure 3
1963 Roy. Soc. Victoria, v. 77, p. 69, pl. 14, figs. 5-8.
Code. Tlp-4.

Occurrence. 11 samples; 12 times.
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Comments. The species of the Buck tongue compare favorably with
those of Dettmann (1963) except the writer is not clear as to how large
the verrucae and granules are to which Dettmann refers when compared to
the specimens of this study.

Affinity. Unknown.

Genus Cyathidites Couper 1953
Types species Cyathidites australis Couper 1953
Cyathidites australis Couper 1953
Plate 2, Figure 12
1953 New Zealand Geol. Survey Paleont. Bull, 22, p. 27, pl. 2, figs. 11, 12.

Code. Tlsm-10.

Occurrence. 8 samples; 9 occurrences.

Comments. The species, as described here, is slightly smaller than
the specimens of the type material but is in the same range as that
reported by Dettmann (1963).

Affinity. Couper (1953) reported this species as having affinities

with both cyatheaceous and dicksoniaceous ferns.

Cyathidites minor Couper 1953

Plate 2, Figure 10
1953 New Zealand Geol. Survey Paleont. Bull. 22, p. 28, pl. 2, fig. 13.
Code. Tlsm-6,
Occurrence. 73 samples; 0.3 to 3.7%.
Comments. This smooth-walled spore is common in the Buck tongue.
Its frequent occurrence may be a reflection of the cyatheaceous and

dicksoniaceous ferns present along the coasts of the Buck tongue sea.
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This species shows a world-wide distribution in Mesozoic sediments, and
ranges from Lower Jurassic to Upper Cretaceous.
Affinity. Couper’(1953) reported this species as having affinities

with both cyatheaceous and dicksoniaceous ferns.

Genus Deltoidospora Miner emend. Potonie 1962
Type species Deltoidospora hallii Miner 1935
Plate 2, Figures 9, 11
1935 Amer. Midl. Nat., v. 16, p. 618, pl. 24, fig. 7.

Code. Tlsm-7.

Occurrence. 85 samples; 0.3 to 4.3%.

Comments. D. hallii was described from the Cretaceous Kootenai Forma-
tion of Montana by Miner (1935) and appears to be a common Cretaceous
spore throughout North America; neither its presence nor its percentage
occurrence in the samples studied here could be interpreted as demonstrating
any trends.

Affinity. This spore is considered here to represent species of the

family Gleicheniaceae.

Deltoidospora psilostoma Rouse 1959
Plate 2, Figure 8
1959 Micropaleontology, v. 5, pl. 2, figs. 7, 8.
Code. Tlsm-19.
Occurrence. 3 samples; 0.3 to 1.7%.
Comments. This species rarely occurs more than twice in a count of
300, and thus no trends of occurrence can be interpreted. The laesurae

are often found in an open condition, and the size of these Buck tongue



64
spores are often slightly smaller (10 microns) than those described by
Rouse (1959).

Affinity. Unknown.

Genus Distaverrusporites Muller 1968

Type species Distaverrusporites simplex Muller 1968
Distaverrusporites simplex Muller 1968
Plate 2, Figures 5, 6

1968 Micropaleontology, v. 14, no. 1, p. 5, pl. 1, fig. 2.

Code. Tlp-10.

Occurrence. 13 samples; 14 times.

Comments. This species agrees in every detail with that of Muller
(1968). The average size is about 25-35 microns.

Affinity. Unknown.

Distaverrusporites (Leptolepidites) verrucatus (Couper, 1953) nov. comb. (pro parte)
Plate 3, Figures 1, 2
1953 New Zealand Geol. Survey Paleont. Bull. 22, p. 28, pl. 2, figs. 14, 15.
Code. Tlp-1.
Occurrence. 10 samples; 11 times.
Comments. In Couper's (1953) original description of Leptolepidites
he states, "...sculptured with large, irregularly shaped, verrucate pro-
jections, ca. 5-6 microns in diameter, equally developed on proximal and
distal faces'; Dettmann (1963), without any formal indication of emendation
of the genus, states on p. 29, "Contrary to the generic diagnosis, these
spores are smooth proximally." Muller (1968) states under the diagnosis

of his new genus Distaverrusporites, "...sculpture restricted to equatorial
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and distal areas, proximal face psilate." For these reasons, the specimens

of this study are reassigned to the genus Distaverrusporites (Muller, 1968),

and the writer feels that L. verrucatus as described by Dettmann (1963)

should be placed in synonomy with species of Distaverrusporites.

Affinity. Unknown.

Genus Echinatisporis Krutzsch 1959

Type species Echinatisporis longechinus Krutzsch 1959
Echinatisporis cf. E. longechinus Krutzsch 1959

Plate 3, Figure 3

1959 Geologie, v. 8, p. 132, pl. , fig.

Code. Tlsp-4.

Occurrence, 2 samples; 2 times.

Comments., This spinose spore is similar to the species of Krutzsch
(1959) from the Middle Tertiary.

Affinity. Selaginellaceae.

Genus Foveasporis Krutzsch 1959
Type species Foveasporis fovearis Krutzsch 1959

Foveasporis triangulus Stanley 1965

Plate 3, Figure 10
1965 Bull. American Paleontology, v. 49, no. 222, p. 239, pl. 27,
figs. 18-22,
Code. Tlr-1.

Occurrence. 27 samples; 0.3 to 1.0%.

Comments. This specimen agrees very well with the species set up by

Stanley (1965), but is also similar to the genus Microreticulatisporites
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except that the ornamentation is on both distal and proximal sides. The
Buck tongue specimens tend to be convex to sub-circular and generally less
than 35 microns.
Affinity. Stanley (1965) reports that this spore is similar to the

Selaginella repanda group.

Genus Gleicheniidites (Ross) Delcourt & Sprumont 1955

Type species Gleicheniidites denonicus (Ross) Delcourt & Sprumont 1955

Gleicheniidites cercinidites (Cookson) Dettmann 1963

Plate 3, Figure 4
1963 Roy. Soc. Victoria, v. 77, p. 65, pl. 13, figs. 6-10

Code. Tlsm-12.

Occurrence, 98 samples; 0.3 to 2.7%.

Comments. This spore has a kyrtome that is not always visable unless
one exaﬁines the specimen very carefully, the shape, laesurae, and wall
texture make this species easily recognizable. Both Dettmann and Brenner
set up the same combination of nomenclature in 1963, but the writer was
unable to determine the date of issuance of Brenner's paper so the new
combination was credited to Dettmann in this study. This is the most
common of all the trilete spores in the Buck tongue samples, but no pattern
of distribution is discernible.

Affinity. Cookson (1953) referred this species to the species

Gleichenia cercinata Swartz,

Gleicheniidites senonicus Delcourt & Sprumont 1955

Plate 3, Figures 5, 6

1955 Mem. Soc. Belge Geol. n.s., no. 5, p. 26.
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Code. Tlsm-11.

Occurrence. 51 samples; 0.3 to 1.0%.

Comments. Occasionally, specimens of this species were folded and
compressed in such a manner as to give the appearance of the interradial
thickenings being continuous around the ends of the laesurae, (see Fig. 5)
but this is not common and these specimens are considered to belong to

this genus rather than to Concavisporites.

Affinity. Fossil spores referred to this species are referable to

the family Gleicheniaceae.

Gleichenidates sp.

Plate 3, Figure 7

Code. Tlsm-2.

Description. Spores trilete, radial; laesurae long, extending to the
equator, bordered by arcuate interradial thickenings; equatorial contour
trilobate, sides strongly concave; spore wall approximately 1.0 micromns
thick, smooth; diameter ranges from 18 to 30 microms.

Occurrence., 80 samples; 0.3 to 4.7%.

Comments. Pierce (1961) describes a similar form, Cingutriletes
interruptus, from the Upper Cretaceous of Minnesota; Rouse (1957) des-
cribed a similar form, Gleichenia concavisporites, from Western Canada,
but these specimens more commonly have straight sides and are larger.

The closest comparison to this species may be found with Gleichenia laeta
Bolkhovitina (1953), from the Lower Cretaceous, Aptain, of Russia.
Reference specimen. Pb4796-2 D10.3xR14.2.

Affinity. Unknown but assumed to be similar to G. senonicus.
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Genus Hamulatisporis Krutzsch 1959
Type species Hamulatisporis hamulatis Krutzsch 1959
Hamulatisporis hamulatis Krutzsch 1959
Plate 3, Figures 8, 9

1959 Geologie, v. 8, nos. 21-22, p. 157, pl. 29, figs. 326-328.

Code. Tlst-3.

Occurrence. 45 samples; 0.3 to 1.3%.

Comments. This species differs from Camarozonosporites insignis
(Tlst-1) in having heavier muri with greater distance between them, and
although difficult to distinguish, this species does not have inter-

radial crassitudes developed at the equator.

Affinity. Possibly Lycopodium.

Genus Klukisporites Couper 1958
Type species Klukisporites variegatus Couper 1958
Klukisporites variegatus Couper 1958
Plate 3, Figure 11
1958 Palaeontographica, v. 103, Abt. B, p. 137, pl. 19, figs. 6, 7.

Code. Tlr-2,

Occurrence. 10 samples; 11 times.

Comments. This distinctive thick walled spore occurs in the Westwater
and West Salt Creek sections, but no discernible pattern can be recognized
in these samples.

Affinity. Couper (1958) established this genus with the intention of
its being a category to receive dispersed spores or the type from the

Jurassic ferns, Klukia exilis and Stachypteris hallei.
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Genus Leiotriletes Naumova ex. Potonie & Kremp 1956

Type species Leiotriletes sphaerotriangulus (Loose) Potonie & Kremp 1956

Leiotriletes pseudomaximus (Pflug & Thomson) Stanley 1965

Plate 3, Figure 12
1965 Bull. Amer. Paleont., v. 49, no. 222, p. 254, pl. 31, figs. 10-12,

Code. Tlsm-9.

Occurrence., 25 samples; 0.3 to 2.7%.

Comments. This species, in at least a portion of its occurrences,
could quite possibly be reworked from older strata because it frequently
does not stain (safranin 0) the same as other spores on the same slide,
and because the appearance of the wall sometimes appeared to be more
hyaline and less flexible than the other spores of the same sample; in
other instances, however, this spore is indistinguishable from other
spores in the sample. The specimens seen in this study are usually smaller
than average spores described by other investigators.

Affinity. Stanley (1965) refers species of this genus to the fern

families, Schizaeaceae and Polypodiaceae,

Genus Lycopodiumsporites Thiergart ex. Delcourt & Sprumont 1955

Lycopodiumsporites marginatus Singh 1964

Plate 3, Figure 13
1964 Res. Coun, Alberta, Bull, 15, p. 41, pl, 1, figs., 7-10.
Code. Lycopodiumsporites-1.
Occurrence. 2 samples; 2 times,
Comments. This species 1s slightly smaller than the previously des-
cribed specimens, but is similar in all other respects. This species has

a prior record of Aptian to Cenomanian.
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Affinity. Lycopidium.

Genus Matonisporites Couper 1958

Type species Matonisporites phlebopteroides Couper 1958

Matonisporites cf. M. equiexinus Couper 1958

Plate 3, Figure 17
1958 Palaeontographica, v. 103, Abt, B, p. 140, pl. 20, figs. 13, 1l4.

Code. Tlsm-14.

Occurrence. 16 samples; 20 times.

Comments. Couper (1958) described this species from the Jurassic and
Lower Cretaceous of Britain, the assignment is tentative at this time.
This species is common in the Castlegate Sandstone below the Buck tongue,
and is interpreted as being assoclated with coarser sediments.

Affinity. Couper (1958) has compared spofes of this species to the

modern fern Matonia pectinata; Hedlund (1966) places them more closely

to the modern schizaeaceous ferns Anemia and Lygodium. Drugg (1967) reports

a similar spore that he assigns to the fossil genus Lygodiumsporites.

Genus Osmundacidites Couper 1953

Type species Osmundacidites wellmanii Couper 1953

Osmundacidites cf. O. alpina Klaus 1960

Plate 3, Figure 14
1960 Jb. Geol. B.A. 5, p. 127, pl. 31, fig. 26.
Code. Tlp-5.
Occurrence. 11 samples; 0.3 to 1.0%.

Comments. Osmundacidites alpina Klaus (1960), was described by Klaus

from the Triassic of the eastern Alps. The writer has reservations about
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this assignment because this specific designation would extend the range
of this species over a considerable stratigraphic interval. The shape,
size, laesurae, and surface ornamentation of the type material compares
favorably with the Buck tongue specimens.

Affinity. Osmundaceae.

Osmundacidites cf. O. senectus Balme 1963
Plate 3, Figure 15
1963 Palaeontology, v. 6, pt. 1, p. 17, pl. 4, fig. 1.

Code. T1p-9.

Occurrence. 13 samples; 14 times.

Comments. This large, thin-walled spore is closely similar to the
species described by Balme (1963). The size and ornamentation are
approximately the same, but the wall thickenings could not be verified.
Balme's type material is from the Lower Triassic of Australia.

Affinity. Osmundaceae.

Osmundacidites wellmanii Couper 1953

Plate 4, Figure 16

1953 New Zealand Geol. Survey Paleont, Bull. 22, p. 20, pl. 1, fig. 5.

Code. Tlp-7.

Occurrence. 33 samples; 0.3 to 2.0%.

Comments. This species has a world-wide distribution in Jurassic
and Cretaceous sediments.

Affinity. Singh (1964) reported that this species closely resembles
Todites hartzi Harris, 1931 and Osmundopsis plectophora Harris, 1931, from

the Lias of Greenland.
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Osmundacidites sp.
Plate 3, Figure 16

Code. Tlp-2.

Description. Spores trilete, radial; laesurae three~fourths spore
radius; equatorial outline triangular, sides straight to convex; orna-
mentation closely spaced baculae and tubercles up to 2 microns long,
exine 2 microns thick., Diameter, 30-35 microns.

Occurrence. 54 samples; 0.3 to 1.7%.

Comments. The specimens examined in this study compare closely with
a species soon to be validated by Dr. Stanley Pocock (under the genus
Acanthotriletes). The species in this study have been assigned to the

genus Osmundacidites because the spines of Acanthotriletes by definition

must be several times longer than the diameter at the base of the spine;
the surface ornamentation of this species are short tubercles or baculae

and not spines.

Reference specimen. Pb4746-1 D14.4x%xR19.6.

Affinity. Osmundaceae.

Genus Rugutriletes Pierce 1961

Type species Rugutriletes regularis Pierce 1961

Rugutriletes cf. R. toratus Pierce 1961
Plate 4, Figure 6
1961 Minnesota Geol., Survey Bull. 42, p. 30, pl. 1, fig. 22.
Code. Tlst-4.
Occurrence. 2 samples; 2 times.
Comments. Pierce's (1961) specimen is larger and does not appear to

have as heavy rugulo-striations as the species of the Buck tongue. This



73

species also strongly resembles Corrugatisporites toratus Weylund &

Greifeld (1953).

Affinity. Filicanaceae (?).

Genus Stereisporites Pflug 1953

Type species Stereisporites stereoides (Potonie & Venitz) Pflug 1953

Stereisporites antiquasporites (Wilson & Webster) Dettmann 1963

Plate 4, Figures 2, 3
1963 Proc. Roy. Soc. Victoria, v. 77, p. 25, pl. 1, figs. 20, 21.

Code. Tlsm-5.

Occurrence. 23 samples; 0.3 to 1.3%.

Comments. This species is known from Jurassic, Cretaceous, and
Tertiary sediments of the northern and southern hemispheres. The ecology
of the parent plant Sphagnum is well known and the presence of this spore
indicates moist, possibly bog-like conditions in a near-by source area.
The most common occurrence of this species is in samples from the lower
middle portion of the Westwater section, and it is rare or lacking in the

samples from Tuscher Wash and Crescent Butte.

Affinity. Sphagnum.

Stereisporites cf. S. minor (Raatz) Krutzsch sbsp. minor Krutzsch 1963
Plate 4, Figures 4, 5
1963 Atlas, pt. III, p. 36, pl. 1, figs. 1-40.
Code. Tlsm-20.
Occurrence. 53 samples; 0.3 to 2.0%.
Comments. This entity is tentatively placed in the subspecies des-

cribed by Krutzsch (1963) because of its wall thickness and the size.
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The laesurae are generally gaping and the proximal polar thickenings are
very slight,

Affinity. Sphagnum.

Genus Todisporites Couper 1958

Type species Todisporites major Couper 1958

Todisporites minor Couper 1958

Plate 4, Figure 7
1958 Palaeontographica, v. 103, Abt. B, p. 135, pl. 16, figs. 9, 10.
Code. Tlsm-1.
Occurrence. 10 samples; 11 times.
Comments. This entity could easily be misinterpreted when extensively
folded or crushed for species of the genus Calamospora.
Affinity. Todisporites minor is referable to the fern family

Osmundaceae, genus Todea, according to Couper (1958).

Genus Toroisporis Krutzsch 1963

Type species Toroisporis torus (Pflug) Krutzsch 1963

Toroisporis sp.
Plate 4, Figures 8, 9

Code. Tlsm-3.

Description. Spores trilete, radial; laesurae distinct, approximately
three-fourths radius of spore; kyrtome always present, extends around the
end of the laesurae; equatorial contour rounded-triangular, sides convex;
spore wall 2.0 microns thick, surface psilate. The spore diameter is 25
to 40 microns with an average of about 28.

Occurrence. 96 samples; 0.3 to 6.3%.
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Comments. This genus was apparently established, Krutzsch (1959) to
accommodate spores with kyrtomes and convex sides, the counterpart of
which is Concavisporites. This species is one of the most important of
the spores in the Buck tongue florule, having the highest number of
occurrences in any sample (19 in 300 count) and the second highest number
of samples (96).

Reference specimen., Pb4828-1 D1.4xR10.5.

Affinity, Stanley (1965) refers this genus to Schizaeaceae (?).

Genus Trilites Erdtman 1947 ex. Couper 1953 emend. Dettmann 1963

Type species Trilites tuberculiformis Cookson 1947

Irilites cf. T. tuberculiformis Cookson 1947

Plate 4, Figure 1
1947 B. A. New Zealand Antarctic Res. Exp. 1929-31, Rep. A2, p. 136,
pl. 16, figs. 16, 17.
Code. Tlst-2,

Occurrence. 9 samples; 13 times,

Comments. This species differs from the species T. tuberculiformis

by having straight to slightly concave sides whereas the type species
has slightly convex sides; this species also resembles Corrugatisporites

solodus Thomson & Pflug (1953).

Affinity. Dicksonia (?).

Genus Triplanosporites Pflug 1953
Type species Triplanosporites sinuosus (Pflug) Pflug 1953

Triplanosporites microsinuosus Pflanzl 1955

Plate 4, Figures 10, 11
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1955 Notizbl. Hess. L.-Amt Bodenforsch, v. 83, 71-89.

Code. Tlsm-22.

Occurrence. 70 samples; 0.3 to 1.7%.

Comments. This species is distinguished from T. sinuosus (Tlsm-21)
by its smaller size (about 20 microns) and its more angular outline. The
two species are difficult to differentiate if the orientation is polar
or oblique.

Affinity. Schizaeaceae (?).

Triplanosporites sinuosus Pflug 1953
Plate 4, Figures 12, 13
1953 Palaeontographica, v. 94, Abt. B, p. 58, pl. 3, figs. 5-16.
Code. Tlsm-21.
Occurrence. 83 samples; 0.3 to 2.0%.

Comments. This species is distinguished from T. microsinuosus

(Tlsm-22) by its larger size (25 microns) and rounded outline. Although

not readily discernible, this species tends to be more common in the

coarse sediments and therefore more in the near-shore environments.
Affinity. Stanley (1965) questionably refers this genus to the family

Schizaeaceae.

Triplanosporites sp.
Plate 4, Figures 14, 15

Code. Tlp-11.
Description. Spores trilete; with polar axis always longer than the
maximal equatorial diameter; outline usually an elongate triangle to a

long oval; length of polar axis 15-25 microns (generally about 20 microns);
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spore wall approximately 0.5 microns thick, surface weakly echinate to
baculate; laesurae approximately equal to the diameter of the spore.
Occurrence. 58 samples; 0.3 to 1.3%.
Comments. This spore is unusual in that it occurs in almost half of
the samples but in low relative frequencies (rarely more than one in 300).
Reference specimen. Pb47542-1 D8.1xR0.8.

Affinity. Unknown.

MONOLETE SPORES

Genus Laevigatosporites (Ibrahim) emend. S. W. & B. 1944
Type species Laevigatosporites vulgaris (Ibrahim) Ibrahim 1933
Laevigatosporites anomalus Norton 1969
Plate 4, Figure 17

Code. Mr-2.

Occurrence. 66 samples; 0.3 to 2.3%.

Comments. This specimen is identical with figure 3 (of pl. 32,
figs. 1-3) of the specimens reported by Stanley (1965) under the species
L. haardti. Stanley makes no reference to the striking pattern of
reticulation on the proximal side, but since the same character was
found throughout the samples of the Buck tongue on several hundred
specimens this feature was determined to be diagnostic ornamentation.
Subsequently, Norton in Norton & Hall (1969) described this species from
the Hell Creek and Tullock Formations. Norton's specimens differ from
the Buck tongue material by being larger (48-58 microns long versus

25-35 microns long).
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Laevigatosporites gracilis Wilson & Webster 1946

Plate 4, Figure 19
1946 Amer. Jour. Bot. v. 33, p. 273, fig. 4.

Code. Msm-1.

Occurrence. 129 samples; 0.3 to 7.7%.

Comments. This spore is differentiated from L. haardti (Msm-2) by
its thinner more flexible wall. This very common spore most frequently
occurred 3 to 6 times in 300; in only 21 samples was it found 10 or more
times. This spore is a major, persistent entity in the Buck tongue. It
should be mentioned that this spore is so close to L. haardti (Msm-2)
that in the case of a poorly preserved sample the distinction is diffi-
cult to make.

Affinity. Polypodiaceae.

Laevigatosporites haardti (Potonie & Venitz) Thomson & Pflug 1953
Plate 4, Figure 18
1953 Palaeontographica, v. 94, Abt. B, p. 59, pl. 3, fig. 57.

Code. Msm-2.

Occurrence., 138 samples; 0.3 to 6.7%.

Comments. This spore was found in all but three of the Buck tongue
samples examined, and all of the Castlegate Sandstone samples below the
Buck tongue. The most significant point that can be made about the
presence of this spore is its uniform occurrence, it occurs 1 time in
only 8 samples and more than 10 in only 20 samples.

Affinity. Polypodiaceae.
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Laevigatosporites ovatus Wilson & Webster 1946
Plate 4, Figure 20

1946 Amer. Jour. Bot., v. 33, p. 273, fig. 5.

Code. Sjpsm-3.

Occurrence, 126 samples; 0.3 to 3.3%.

Comments. This spore was mistankenly coded-in as a monosulcate grain,
upon re-examination the normally short laesurae was found to be torn,
but the S; designation was not changed. This very common spore occurs
in very low numbers (only 1 sample with more than 9), generally from 2
to 5 in 300. This species is distinguished from all other monolete spores
by its rounded outline and distinct short monolete mark, approximately
1/2 of the maximal diameter.

Affinity. Polypodiaceae.

Genus Microfoveolatosporis Krutzsch 1959

Type species Microfoveolatosporis pseudodentatus Krutzsch 1959

Microfoveolatosporis neogranuloides Krutzsch 1967

Plate 4, Figure 21
1967 Atlas, v. 4-5, p. 172, pl. 63, figs. 4-6.

Code. Mr-1,

Occurrence. 98 samples; 0.3 to 3.0%.

Comments. This species is quite variable in appearance, in that the
surface ornamentation varies from a foveolate pattern to a rather strong
reticulation as can be noted in the specimen figured. The pattern of
recovery of this species is difficult to establish, but there is a slight

trend for it to be more common near the contacts with the overlying or
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underlying sandstones than in the middle portion of the sections. This
is not an obvious trend, and its interpretation is not certain.

Affinity. Polypodiaceae.

Genus Perinomonoletes Krutzsch 1967
Type species Perinomonoletes pliocaenicus Krutzsch 1967
Perinomonoletes cf. P. pliocaenicus Krutzsch 1967
Plate 4, Figure 24
1967 Atlas, v. 4-5, p. 222, pl. 87, figs. 2-6.

Code. Mst-1.

Occurrence. 1 sample; 1 time.

Comments. This specimen was found only 1 time in the 300 count, but
is present outside of the 300 sum that was counted for each sample. The
species P. pliocaenicus Krutzsch (1967) is very close to the species as
figured on Plate 6, but Krutzsch reports that it was not found below the
Pliocene.

Affinity. Pilularia (?).

Genus Polypodiidites Ross 1949
Type species Polypodiidites senonicus Ross 1949
Polypodiidites secundus (Potonie) Krutzsch 1967
Plate 4, Figure 25
Code. Mp-2.
Occurrence. 72 samples; 0.3 to 3.3%.
Comments. This species was described from the Eocene by Krutzsch
(1963) and from the Maestrichtian by Drugg (1967), as Verrucatosporites
secundus Krutzsch. This genus has been listed in synonomy with Polypodii-

dites by Krutzsch (1967).
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Affinity. Polypodiaceae.

Polypodiidites senonicus Ross 1949

Plate 4, Figure 23
1949 Bull. Geol. Inst. Uppsala, v. 34, p. 33, pl. 1, figs. 8, 9.
Code. Mp-1.
Occurrence. 82 samples; 0.3 to 1.7%.
Comments. The specimens of this study agree in every detail with

the type species of Ross (1949).

Affinity. Polypodium.

Genus Verrucatosporites Thomson & Pflug 1953

Type species Verrucatosporites alienus (Potonie) Thomson & Pflug 1953

Verrucatosporites megabalticus Krutzsch 1967

Plate 4, Figure 22
1967 Atlas, v. 4 & 5, p. 180, pl. 66, figs, 4-6.
Code. Mp-3.
Occurrence., 17 samples; 19 times.,
Comments. This spore occurred 3 times in 1 sample and 1 time in
all of the other samples in which it was found. The verrucae are quite
variable on this species.

Affinity. Polypodiaceae.

Genus Umbosporites Newman 1965
Type species Umbosporites callosus Newman 1965
Umbosporites callosus Newman 1965

Plate 4, Figure 26
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1965 Univ. Colo. Studies, No. 2, p. 10, pl. 1, fig. 2.

Code. Umbosporites.

Occurrence. Not found in counts; 2 samples.

Comments. This spore was found in 2 samples outside the counts of
300. The type was described from the Buck tongue of northwest Colorado
but it occurred in low numbers, never more than 2%, and has a known range
of early and middle Campanian.

Affinity. Polypodiaceae (7).

GYMNOSPERMOUS POLLEN

Genus Alisporites Daugherty 1941
Type species Alisporites oppii Daugherty 1941
Alisporites similis (Balme) Dettmann 1963
Plate 5, Figure 1

1963 Proc. Roy. Soc. Victoria, v. 77, p. 102, pl. 25, figs. l-4.

Code. Alisporites.

Occurrence. 26 samples; 0.3 to 1.3%.

Comments. This species occurs in the Upper Jurassic and Lower
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