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ABS TRACT

The coal -bearing Dakota Sandstone at Coal Canyon,Arizona, which

is located in the western portion of the Black Mesa basin, has yielded

abundant, diverse, and generally well- preserved spores, pollen, and

microplankton. The formation is characterized by high freglienc ies

of fern spores, especially striate spores belonging to the Schizaeaceae,

and ang ios perrnous pollen consisting primarily of simple tricolpate and

tric of porate grains. Gymnospermous pollen is comparatively uncommon.

The microflora assemblage contains many exclusively Cretaceous

species previously reported from Australia, western Europe, Siberia, and

other localities of North America. A microflora which compares close-

ly with the Dakota assemblage occurs in the Woodbine strata of Oklahoma.

On the basis of palynologic evidence, the age of the Dakota

Sandstone at Coal Canyon, is interpreted as lowermost Upper Cretaceous

(Cenomanian) .
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T ; TRODíJC TION

The present palynological study of the coal-bearing Dakota

Sandstone at Coal Canyon, Coconino County, Arizona, incorporates

two main objectives. The primary objective is to establish, describe,

and illustrate essentially the more common and /or diagnostic palynornorphs

that are present.

that have relatively

most likely to be of

The diagnostic or typical mit r of os s ils are those

restricted stratigraphic ranges, and therefore, are

considerable b i os tratigraphic value . The second

objective concerns the assignment of a precise age for the Dakota Sand-

stone within the study area.

In addition, an effort was made to determine, as far as possible,

the botanical affinities of the most important ~iic roflora species en-

countered and to make some inferences regarding environmental conditions

prevailing at the time of Dakota Sandstone deposition.

The partial palynological assemblage described and illustrated

in this report includes 58 species of acid -insoluble mic rof os s ils

( pollen, spores, and rnicroplankton ) assigned to 40 genera. Three

genera and 29 species are considered new.
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S TR.aTIGRA P'HY

Regional Geologic Setting

Coal Canyon, or Coal Mine Canyon, as it is sometimes known, is

located approximately 14 miles southeast of Tuba City in northeastern

Arizona (fig. 1), and lies within the western portion of the Black Mesa

basin.

From a regional point of view, Black Mesa is situated within

the southwestern part of the Colorado Plateau physiographic province of

the United States. The basin is a structural depression, characterized

by very low regional dips and shallow structural relief. Long, broad,

nearly parallel folds cross the basin mainly in northwesterly directions.

Many of these folds have dips of only 1 or 2 degrees. Faults of any

consequence are rare (Kelley,1958) .

Within the Black Mesa basin, Upper Mesozoic strata are exten-

sively exposed. The sedimentary rocks exposed at Coal Canyon include

strata that range from Upper Jurassic to Upper Cretaceous in age (fig . 2) .

In ascending order these include the undifferentiated Carmel Formation-

Entrada Sandstone of the San Rafael Group, and the Cow Springs Sandstone,

all of Jurassic age. Overlying these are the Dakota Sandstone and the

Mancos Shale, both of Cretaceous age. A disconformity separates the

strata of Jurassic and Cretaceous age. Southward from the Coal Canyon

area this disconformity truncates successively older rocks.

The generalized nomenclature and thickness of the Jurassic and

Cretaceous deposits at Coal Canyon are shown in Figure 3.

2
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Figure 1. Index map showing location of Tuba City and Coal Canyon.
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PERIOD FORMATION OR GROUP THICKNESS

UH

surface r ----.

Mancos Shale

unc onf ormity

12'

5

Dakota Sandstone

dis c onf ormity

Cow Springs Sandstone

Ent ra da Sandstone
and

Carmel Formation

(undifferentiated)

46'

113' +

Figure 3. Nomenclature of Jurassic and Cretaceous deposits at
Coal Canyon. Broken line indicates an arbitrary contact between
units. Wavy line indicates the presence of an erosional surface.
Query indicates a questionable limit to a group when placed across
a contact.



6

Jurassic System

San Rafael Group. The San Rafael Group, which is considered

to be of Middle and Late Jurassic age, was defined by Gilluly and

Rees ide (1928 ). The type locality is in the San Rafael Swell of south-

eastern Utah.

At its type area, in ascending order, the group consists of the

Carmel Formation, the Entrada Sandstone, the Curtis Formation, and the

Summerville Formation.

Within the study area the San Rafael Group is essentially an

eolian sandstone deposit, consisting of the Carmel Formation and the

Entrada Sandstone, which are lithologically so similar that no attempt

was made to differentiate between them.

The eolian sandstone beds are composed entirely of white or

red, large- scale, high -angle cross - bedded or flat- bedded sandstone with

a few thin conspicuous beds of reddish siltstone. This sequence of

rocks forms the lower half of the canyon walls (fig . 2) .

Cow Springs Sandstone. The Cow Springs Sandstone of Late

Jurassic age, was defined by Harshbarger, Repenning and Jackson(1951)

as a cross- bedded sandstone formation, which intertongues with the

Summerville Formation of the San Rafael Group and the lower members

of the Morrison Formation. Because of the intertonguing, the Cow Springs

Sandstone cannot be considered either a formation of the San Rafael Group

or a member of the Morrison Formation.



Four major periods of eolian sand deposition occurred in the

Four Corners region during the Late Triassic and Jurassic time interval.

The first of these periods is represented by the Lukachukai member of the

Triassic Wingate Sandstone; the second by the Jurassic Navajo Sandstone;

the third by the Carmel Formation and Entrada Sandstone, and the fourth

is the Cow Springs Sandstone.

At Coal Canyon, the Cow Springs Sandstone is the white, fine-

grained sandstone dis c onf o rmably underlying the Dakota Sandstone.

Large -scale and high -angle cross -bedding is one of its most conspicuous

features.

The Cow Springs Sandstone grades downward into the Entrada

Sandstone and locally, the two formations are difficult to distinguish

because of similar lithologic and bedding characteristics.

At the type locality, which is four miles east of the Cow Springs

Trading Post, Arizona, the Cow Springs Sandstone reaches a maximum thick-

ness of about 360 feet, however, at Coal Canyon only 113 feet have been

recorded. The original thickness at both localities must have been

greater since the formation is truncated by an erosional surface. The

time lapse between the deposition of the Cow Springs strata and the

succeeding Dakota Sandstone was long enough (Late Jurassic to Late

Cretaceous ) during which considerable induration and erosion of the

Cow Springs strata occurred.
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Cretaceous System

Dakota Sandstone. The Dakota Sandstone is the lowermost

Upper Cretaceous formation in the Black Mesa basin. In this region

the formation can be divided into three units: (1) a basal sandstone

member, (2) a middle carbonaceous member, and (3) a upper sandstone

member.

At Coal Canyon, the lowest member consists predominantly of a

well- cemented, fine- grained sandstone. Repenning and Page (1956 ), re-

gard the basal sandstone member in the Black Mesa basin region as a

fluvial deposit on the basis of lithology, structures , and stratigraphic

sequence. Although the unit appears to be of fluvial origin, it is

believed that it represents deposition in streams close to the marine

shoreline. A statistical study of its cross -bedding indicates that

the streams apparently flowed toward the north -northeast or in the

direction of the Cretaceous sea ( Williams ,1951) .

The pre - Dakota disconformity separates the lower sandstone

member of the Dakota Sandstone from the underlying Cow Springs Sandstone.

Channelling along the Cow Springs- Dakota disconformity is common through-

out the area.

This erosional unc onf ormity at the base of the Dakota Sandstone

cuts across progressively older rocks southward from Coal Canyon. For

example, at Montezuma's Chair, Arizona, approximately 50 miles to the

southeast, the Dakota Sandstone overlies the undifferentiated Carmel

Formation - Entrada Sandstone of Jurassic age. Near Showlow,, Arizona,

about 130 miles to the southeast, the Dakota rests on the Triassic

Chinle Formation. Farther southward at ?Nary, Arizona, the Dakota
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overlies Paleozoic rocks (Page and Repenning, 1958).

The lower sandstone unit grades upward into the middle carbon-

aceous member of the Dakota Sandstone. This middle member is composed

of interstratified sandstone, siltstone, claystone, carbonaceous or

coaly shale, and coal. The clastic units of this section are commonly

characterized by irregular or discontinous stratification , however ,

persistent coal seams are developed at several horizons.

The coal deposits are classified as sub - bituminous C with a high

ash content( o'Sullivan,1958 ). Carbonized plant remains and silicified

logs associated with the coal are locally abundant and at many localities

well - preserved plant megaf os s ils are present (figs . 4 and 5) .

The middle carbonaceous unit was sampled for palynological

content, and generally well-preserved fossil palynornorphs were discovered

in many of the rock samples. Samples taken from the various levels of

the Dakota Sandstone at Coal Canyon were divided to represent the top

(zone C), middle (zone B), and bottom (zone A) portions of the formation.

The stratigraphic section and the intervals that were examined palyno-

logically are depicted in Figure 6.

Since the upper sandstone member is missing from the sequence

throughout the area, the middle carbonaceous unit of the Dakota Sandstone

is directly overlain by fossiliferous gray shale beds of the Mancos

Shale.

Mancos Shale. In the Black Mesa basin area, the Mancos Shale

represents only a small portion of the type Mancos of southwestern

Colorado. At Coal Canyon, most of the Mancos has been removed by
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erosion, except for the f os s ilife roux basal portion, which consists of

oyster-bearing shale and sandstone beds .

Throughout the Coal Canyon area the Manc os Shale unc onf o rmably

overlies the middle carbonaceous member of the Dakota Sandstone. The

boundary between the two formations is placed at the coal -shale contact

(fig. 7) . The basal Manc os may typically consist of a hard, red,

baked shale resulting from the burning of the underlying Dakota coal

(fig. 8).

Overlying and in gradational contact with the marine Mancos

Shale are sandstone beds of the Toreva Formation (Mesaverde Group).

Exposures of this formation occur near Coal Canyon.



Figure 4. Fossil fern resembling recent Adiantum capillus- veneris L.

(Maidenhair fern) in grayish s ilts tone of the Dakota Sandstone. x3) .

Figure 5. Fragment of a
phyllum. Note sporangia
In upper right -hand corner
of vein network. (xLi).

small fossil fern resembling recent Hymeno-
on one side of the lobes of several pinnules.
is an angiospermous leaf showing remanents
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STRATIGRAPHIC PALYNOLOGY

Methods

Preparation of samples and slides. The Dakota Sandstone

palynomorph assemblages were extracted from outcrop samples of silt-

stone, shale, and coal collected by the writer at Coal Canyon.

Standard techniques for extracting chemically resistant mic r of os s ils

were used in processing the samples.

The silts tone and shale samples (50 grams) were first washed

with distilled water to remove any surface contamination. After dry-

ing, they were crushed into fragments approximately 5mm in diameter or

less. Any carbonates were dissolved with 38 percent hydrochloric

acid. Throughout the processing excess acids were removed by wash-

ing with distilled water and centrifugation. Silicates were dis-

solved in 70 percent hydrofluoric acid. Heavy -liquid flotation

was used to separate the organic material from the remaining mineral

matter. This procedure utilized acidified zinc-bromide solution

of specific gravity 1.9-2.1 . The organic residue was partially

oxidized with Schulze's solution ( 70 percent HNO
3

+ granular KC10
3

).

After the sample was sufficiently oxidized, the humic material was

dissolved and dispersed in a base such as 30 percent ammonium hydroxide

or 5 percent sodium hydroxide. Following the hydroxide treatment

the residues were subjected to low - frequency ultrasonic vibrations in

order to dislodge particles that might still be adhering to the micro-

fossils and to disperse flocculations. Specimens were concentrated

15



by following the hand -swirling technique introduced by Funkhous er and

Evitt(1959). Following staining with Bisrnark Brown or Safranin 0,

16

the microfossils were mounted on coverslips with Clearcol. After the

Clearcol film had dried, the coverslip was inverted and sealed to the

glass slide with Canada Balsam.

For the sub -bituminous coal samples (3 grams) the preparation

technique was slightly modified. The hydrochloric, hydrofluoric,

and heavy- liquid treatments were omitted.

The number of lithotypes encountered and the percentages of

each type that yielded acid - insoluble microfossils are summarized in

Table I.

TABLE I

PERCENTAGE OF VARIOUS DAKOTA SANDSTONE SAMPLES THAT YIELDED MICROFOSS ILS

Total number Number of samples Percentage that
Lithology of samples that fielded fossils were productive

Coal 6 4 66%

Black shale 26 21 81%

Gray siltsto.ne 37 29 78%

Total 69 54 78

More than 75 percent of the 69 samples that were processed and

examined for their mic rof os s it content were sparsely to abundantly f os -

s iliferous and contained generally fair to well- preserved acid -insoluble

microfossils consisting mainly of spores, ang ios permous or gymnospermous

pollen, fungal remains, microplankton, and various types of plant tissues.
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Acid - insoluble mic rof os s ils were obtained from all l i thologic al

types, but, in general, the most productive lithologies were black or

coaly shales which commonly occur immediately below or above coal beds.

The next most productive lithologies were gray, calcareous siltstones,

and the least productive were coals. The coal samples, in general,

were usually poorly to sparsely foss iliferous . The somewhat poorer

recovery from the coals may be due to the amount of weathering.

Photomicrography. A Carl Zeiss Photomicros c ope equipped with

Neofluor and Phase contrast objectives was used for photographing all

specimens shown on the accompanying plates.

General characteristics of the Dakota microfossil assemblage

The gross aspects of the Dakota microfossil assemblage is de-

picted in the accompanying composite histogram(fig. 9) . The relative

percentages of the selected types which best characterize the assemblage

from the interval studied were derived from a total population count of

6,000 specimens (2, 000 specimens from each zone).

An examination of the histograms indicates that the microfossil

assemblage within the Dakota Sandstone consists primarily of pterido-

phytic spores (56 percent) and anglos permous pollen (28 percent) . Gymno-

spermous pollen is relatively uncommon (12 percent) . Nicroplankton

occurs in a frequency of about one percent.

Among the fern spores, the striate trilete spores belonging

to the S chit aeaceae are most prominent, the most abundant genus being

Appendic is porites , which constitutes approximately 10 percent of the
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total population count. This genus is closely followed by Cicatricosi-

sporites (8 percent) . From the palynological analysis, Appendici-

sporites showed a progressive increase in abundance from the lower to

upper portions of the formation, while Cicatricosisporites attained

its greatest abundance in the middle portion of the middle carbonaceous

member(zone B) (fig. 14). The abundance and variety of these striate

schizaeaceous spores is one of the most characteristic features of the

Dakota Sandstone and are of great value for estimating paleoclimatic

conditions.

Other consistently occurring genera within the fern spore assem-

blage include Camarozonosporites, Cyathidites, Gleicheniidites,Láe-

vigatos pontes , and Retitriletes . These forms do not show any major

variations in abundance, except for Retitriletes, which becomes more

common in zone B.

In addition to the commonly or abundantly occurring species,

many other pteridophytic spore species are rarer or occur intermittently

(less than 1 percent) . For the statistical study, these forms were

listed as " other pteridophytic spores." This category also contains

large amounts of trilete spores which have not been identified since

they lack diagnostic morphologic features. Collectively, these micro-

fossils account for 28 percent of the total specimen count.

Of the gymnospermous pollen, the bisaccate coniferous grains

appear to be predominant, representing 9 percent of all the forms

counted. The majority of the bisaccates were difficult to dif-

ferentiate individually.
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From the statistical analysis, the gymnosperms occur in re-

latively low frequencies ( 4-5 percent) within the Dakota coal seams.

In contrast, however, gymnospermous pollen became conspicuously more

common in the grayish s ilts tones ( 28 percent) of z one B, consisting

mainly of bisaccate conifer pollen ( 26 percent ). Almost the entire

bisaccate assemblage was recorded from this portion of the formation

(fig. 10).

An interesting absentee from the Arizona Cretaceous microflora

is the gymnospermous pollen Classopollis, which is a characteristic

element in many Jurassic and Lower Cretaceous strata of North America.

Rarer components of gymnospermous pollen that occur throughout

the Dakota Sandstone include ephedroid and monosulcate pollen grains.

The angiospermous microflora is particularly abundant in the

Dakota Sandstone assemblage, consisting primarily of dicotyledonous

pollen. Pollen grains of possible monocotyledonous affinity represent

a low percentage of the total assemblage.

The dicot pollen is characterized primarily by the dominance

of simple, small- sized, oblate tricolpate grains, which account for

26 percent of the total forms counted. Tricolporate types occur in

lower frequency, amounting to about 2 percent. No triporate pollen

was recorded.

An analysis of Figure 10 shows that most of the dicot pollen

was recorded from the lower portion of the middle carbonaceous member

(zone A) , while the middle and upper portions had a considerably small-

er amount. This phenomenal change in the relative abundance of the
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angiospermous pollen in different samples may be due to local paleo-

ecologic effects.

Another relatively common member of the dicotyledons is a

trio of pate form occurring in obligate tetrads, which is found con-

sistently throughout the Dakota Sandstone( Plate 11, figs. 4 -6) .

These dicotyledonous elements showed no morphologic com-

plexities. Most of the types are of a simple, primitive morphology.

Their exines consist primarily of a featureless smooth -wall, or a

reticulate pattern which is not structurally complex. Their size

range varies from about 5 to 30 microns. The morphological simplicity

and lack of diversity of the dicot pollen indicates a comparatively early

stage of evolution for the angiosperms existing during Dakota time.

Other prominent constituents of the Dakota assemblage include

acritarchs perhaps planktonic in nature( Plate 13, figs. 1-4), which

occurred in significant percentages in the black shale samples of

zone A, and also large numbers of fungal spores and cuticular leaf

fragments.

Interpretations

Age of the Dakota Sandstone. The Dakota Sandstone at Coal

Canyon, as represented by the samples studied, is regarded as Upper

Cretaceous ( Cenomanian ) in age. This interpretation is based on

the following palynological evidence:

(1) The presence of angiospermous pollen indicates an age no

older than Albian(late Early Cretaceous) . No unequivocally angio-
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s pe rmous pollen has been reported from pre-Albian rocks anywhere in

the world.

(2) The types of angiospermous pollen in the Dakota Sandstone

consist essentially of dicotyledonous grains of simple tricolpate and

tric of porate types. The absence of triporate pollen indicates an age

no younger than Cenomanian. The dicot pollen is not as complex or

diversified as the angiospermous pollen of the Turonian. The Dakota

Sandstone lacks the structurally advanced forms.

(3) The high compositional percentages of the dicotyledonous

grains ( 28 percent ) in the total Dakota assemblage may be used as

an indirect criterion for generalized dating. Available records of

Cretaceous microflora, in general, indicate that dicot forms are more

abundant in the Cenomanian are in Albian strata ( Leopold

and Fakis er,196L.) .

(4) The age assignment is chiefly supported by the several

similarities between the spore-pollen assemblage from the Dakota

Sandstone of Arizona and that from the Red Branch Member of the Wood-

bine Formation ( Cenomanian) of Oklahoma. Of the 74 species reported

by Hedlund(1966) from the Woodbine strata, 15 identical and more than

a dozen similar species have been found in the Dakota Sandstone.

Moreover, both assemblages represent a pteridophyte- angiosperm association.

Environmental significance of the microf oss ils . Although

there are differences in frequency and a few differences in species

of grains, the microflora composition throughout the short strati-

graphic interval (about 46 feet) of the Dakota Sandstone is essentially
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the same, therefore, indicating that there was no striking vegetational

change during Dakota time. It is doubtful if the time interval for

Dakota Sandstone deposition was sufficiently long enough to permit any

appreciable plant evolution.

The differences in kind and frequency appear to be the result

of ecological diversification. For instance, the significantly higher

frequencies of the bisaccate conifer pollen associated with the grayish

silty shales of the Dakota Sandstone may be ascribed to local ecological

conditions rather than to far-reaching temperature variations.

Possibly two ecologically contrasting floral associations can be in-

ferred from the microflora assemblage.

Local topographical variations of the terrain may have sup-

ported different vegetative associations with ferns and angiosperms pre-

dominating in comparatively low lying or swampy areas, while conifers

conceivably flourished in better drained low upland sites marginal

to the lowland conditions. The nearness of the localities from

which the conifer assemblage was derived is probably reflected by the

abrupt increase in the abundance of the bisaccates, and also by relevant

geological data such as the extreme angularity of the individual quartz

gra ins constituting the s ilts tones .

The presence of the microplanktonic organisms in association

with the spores and pollen grains, is of little value for precise

ecological inferences, but may indicate the occurrence of a brackish

environment.
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on the basis of the available palynological and geologic

evidence, the pale oenvironment during this period, probably consisted

of a coastal plain, covered with lowland ferns and angiospermous trees

and shrubs, with conifers occupying well- drained low upland sites.

This landscape was adjacent to the Aancos sea, which was already well-

established toward the northeast. Towards the close of Dakota

deposition, this Cretaceous sea transgressed across the area, and the

entire paleotopography was submerged while marine conditions prevailed

throughout the region.

Although the ecological requirements might have been different

in the geologic past, the floral assemblage of the Dakota Sandstone

when compared with the distribution of analogous modern floras, suggest

a very wet, subtropical to tropical climatic conditions in the lowlands

with diminishing warmth at higher elevations. The wet, subtropical

to tropical climate interpretation is based chiefly upon the fern

spores of the Schizaeaceae which are so abundant and diversified in

the Dakota Sandstone.
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Conclus ions

Certain significant conclusions can be drawn from this palyno-

logical investigation of the Dakota Sandstone at Coal Canyon:

(1) The prevalent plant group of the coal swamps appears to

have been an association composed primarily of ferns and angiosperms,

with a minor component of gymnosperms.

(2) The fern spores dominate the microfloral assemblage.

One of the most notable features is the great variety and prevalence

of schizaeaceous spores.

(3) The angiospermous pollen consists predominantly of simple,

oblate tricolpate grains. Tricolporate types are relatively uncommon

and no triporate pollen was observed.

()4) The gymnospermous pollen consists mostly of bisaccate

conifer grains, and these attained greatest abundance in the gray

silty shales of the Dakota Sandstone.

(5) The distribution of the plant microf oss ils in the Dakota

Sandstone indicates that there was no major floral change in the vegeta-

tion, although minor variations in the microfloral composition do occur.

(6) The age of the Dakota Sandstone based on the microflora

is regarded as Cenomanian ( early Late Cretaceous) .

(7) .Paleoclimatic conditions in northeastern Arizona during

deposition of the Dakota Sandstone were probably very wet, subtropical

to tropical.



S YS TE MA T rC PAL YV C7L OG Y

Introduction

This section includes a comprehensive descriptive and taxonomic

treatment of 58 Upper Cretaceous palyno:norphs from the Dakota Sandstone.

The microfloral elements are arranged according to the natural

classification as proposed by Engler (1954,1964). Many of the fern

spores are grouped into modern families , and their particular arrange-

ment follows Copeland(1947 ), however, many of them are listed under

Spores - Incertae Sedis and arranged alphabetically.

An attempt to name the previously unidentified microfossils from

the Dakota Sandstone has been deliberately avoided in this paper. The

binomial designation is used for all formally named species. Forms

believed to be new species are designated by a generic name followed by

a number. Specimens which are unas s ignable to existing genera are

designated as Spore or Pollen Types followed by a letter.

The morphological terminology used in the systematic descrip-

tions follows that employed by Erdtman (1952) .

Size ranges are expressed in the conventional manner, the

series of three figures representing the smallest size, the average

or arithmetic mean ( enclosed in parentheses ), and the largest size.

The size range is, wherever possible, based upon at least 25 suitably

oriented microfossils. If it is based upon less than 5 specimens

no mean is indicated.

27
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A detailed statistical study of the individual species was not

undertaken, however, under the category Occurrence, the first word in-

dicates a rough estimate of the specimen frequency. These are report-

ed as : rare ( i to 9 specimens ), sparse ( 10 to 2L specimens ), common

( 25 to 50 specimens ) or abundant ( more than 50 specimens) . The

specimen frequency indicates the quantitative estimate of the abundance

of that type in the total mic rofos s it population within the Dakota

Sandstone.
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Systematic Descriptions

Phylum Bryophyta

Class r Ius c i (Mosses)

Order Sphagnales

Family Sphagnaceae

Genus Sphagnumsporites (al. Steresporites) Raatz, 1937

Sphagnumsporites antiquasporites (Wilson and Webster,l946) Pocock,1962

Plate 1, Figure 1

Sphagnum antiquasporites Wilson and Webster, 1916, Am. J. Botany, vol . 331
p. 273, pl. 1, fig. 2.

Trilites australis Cookson, 1947, B .A .N .Z . Antarctic Res. Expedition,
Rent. A2, p. 136, pl. 15, figs. 58 -59.

Sphanites australis Cookson, 1953, Australian J. Botany, vol. 1,
p.-7M-7737: 1, figs. 1 -4.

Sphagnum punc taesporites Rouse, 1959, Zicropaleont. , vol.
pl. 1, figs. 25-26.

5, P. 308,

Sphagnumsporites antiquas porites ( Wilson and Webster) Pocock, 1962,
Palaeontographica, vol. 111, Abt. B, p.32, pl. 1, figs. 1 -3.

DESCRIPTION:

Trilete spore; equatorial outline subtriangular to subcircular;

laesurae simple, short, ca. 1/3- 1/2 the spore radius. Exine thickness

not determiable, but thicker at the contact area in most specimens,

ps ilate . A thickened zone from 1-2.5 microns wide surrounds the

equator.

SIZE RANGE:

Maximum equatorial diameter: 21(25 )27.5 microns (25 specimens) .
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OCCURRENCE:

Common, not restricted to any zone.

C O,NTS :

This species is similar to Sphagnums porites ps flatus Ross,

but differs from it in the smaller size and lack of any distinctive

ornamentation. Because of its wide time range (U. Jurassic -Tertiary),

S. antiquasporites has little stratigraphical value, but has geographical

and paleoecological interest.

AFFINITY:

Similar to recent Sphagnum spores. Modern Sphagnum (peat moss)

is associated with bogs and swamps.

Phylum Pteridophyta

Class Lyc ops ida (Lyc opods )

Order Lycopodiales

Family Lyc opodiaceae

Genus Lyc opodiums porites Thiergart,1938

Lycopodiumsporites sp. 1

Plate 1, Figures 2 -3

DESCRIPTION:

Trilete spore; equatorial outline broadly subtriangular to

subcircular; laesurae long, reaching the periphery of the proximal

surface, distinct to indistinct. mine ca. .5 -1 micron thick,

distal surface coarsely reticulate, muri 1 -2.5 microns wide, pro-

jecting beyond spore margin, appearing as a thin transparent flange,

ca. 2.5- 5.5 microns in height, lumina from 9 -17 microns across.
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Ornamentation on proximal surface weakly developed (reticulum of smaller

mesh) to absent.

SIZE RANGE:

Maximum equatorial diameter of spore body: 39(45)53 microns.

Total diameter of species: 43 (52 )63.5 microns (14 specimens) .

OC C URRENC E :

Sparse, found in zone B and C.

AFFINITY:

Similar to recent Lyc opodium spores.

Class Filices (Ferns)

Order Filicales

Family Schizaeaceae

Genus Appendic is porites Weyland and Greifeld,1953

Appendicisporites cf. ethmos Delcourt and S prumont,1959

Plate 1, Figures 4-5

Appendicisporites ethmos Delc ourt and S prumont,195 9, Ann. Soc. Geol.
Nord. 79, p. 29 -6L..

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

extending to base of appendic i . Exine ca. 1.5- 2 microns thick, tri-

layered; outer layer thin( less than .5 micron) , middle layer equals

inner layer. Exine oramented with ridges, ca. 1.5 -2.5 microns wide

and spaced .5-1 micron apart( four ridges and furrows equal ca. 11.5

microns) . Appendices extending 4.5-6.5 microns from spore body,
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ca. 4 microns wide. Ridges consistently pitted throughout, pits

ca. .5 micron in diameter.

SIZE RANGE:

Maximum equatorial diameter : 46(53)61.5 microns (8 specimens) .

OCCURRENCE:

Rare, found in zone C.

C OT'fT TS :

Similar species have been reported from the Lower Cretaceous

of Belgium by Delcourt and Sprumont (1959) .

Appendicisporites tricornitatus Weyland and Greifeld,1953

Plate 1, Figure 6

Appendicisporites tricornitatus, Weyland and Greifeld,1953, Palaeonto-
graphica, Abt. B, vol. 95, p.43, pl. 11, fig. 52.

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

more than 3/4 the spore radius; commissures raised on some specimens.

Exine ornamented with ridges, ca. 1.5 -3 microns wide, spaced .5 -1.5

microns apart, and arranged parallel to the equator of the spore on

both the distal and proximal surfaces. The apical appendices extend

from 3 -8 microns beyond the spore body, and are ca. 3 microns wide.

SIZE RANGE :

Maximum equatorial diameter: 39 (48 )56 microns (25 specimens) .

OCCURRENCE:

Abundant, not restricted to any zone. A. tricornitatus is

one of the most abundant species in the Dakota Sandstone.
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C O:E NTS :

This species was first described from the middle Senonian of

Germany by Weyland and Greifeld(1953 ). It makes its first appearence

in the upper Berriasian in northwestern Europe (Hughes ,1958 ). A. tri-

cornitatus has been found in numerous Cretaceous deposits of North

America.

AFFINITY:

The species resembles recent Anemia spores of the Schizaeaceae

as described by Bolkhovitina(1961) from tropical South America.

Appendic is norites sp. 1

Plate 1, Figures 7 -8

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

more than 3/14 the spore radius. Exine ornamented with numerous smooth

ridges, ca. 1 -2 microns wide, and spaced .5 -1.5 microns apart. The

ridges fuse at the apices to form ear -like projections (appendici),c-::iich

extend 5.5 -8.5 microns beyond the central body, and are ca. 10 -17

microns wide.

SIZE RANGE:

Maximum equatorial diameter: 36

OCCURRaÌCE:

(45)54 microns (25 specimens).

Abundant, not restricted to any zone.
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_1npe ndi.c i112orites s p. 2

Plate 1, Figure 9, Plate 2, Figures 1-2

DESCRIPTION

Trilete spore; equatorial outline convexly triangular; laesurae

straight with elevated lips, extending to base of appendices. mine

ca. .5 micron thick, ornamented with numerous narrow ridges, ca. .5 -1

micron wide, and spaced 1- 1.5 microns apart. Both the proximal and

distal surfaces are perforated by numerous small pits. Appendices are

short, extending ca. 1.5-3 microns beyond the spore body, and are ca.

6-7 microns wide.

SIZE RANGE:

Maximum equatorial diameter : 39 (43 )L 9 microns (8 specimens)

OCCURRENCE:

Rare, found in zone B and C.

rp nendici pr..1_s sp. 3
Plate 2, Figure 3

DZSCpIP`.iIC?N :

Trilete spore; equatorial outline triangular with straight to

slightly convex sides; laesurae indistinct. Exine ca. i micron thick,

thickest at apex; ornamented with ridges on both the proximal and distal

sides, ridges ca. 1 micron wide, and widely spaced(ca. 1.5 -2.5 microns

aoart ), fusing at apices to form appendices, which extend 2 -5 microns

beyond spore body, and are ca. 2 microns wide. Exine perforated with

small pits, mainly restricted to ridges.
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SIZE RANGE:

Maximum equatorial diameter: 39- 48 microns ( 3 specimens)

OCCURRENCE:

Rare, found in zone C.

Genus Cicatric os is porites Potonié and Gelletich, 1932

Cic.t_r_ i_ r. cs is porites aus traliens is (Cookson) Potoni ; 1956

Plate 2, Figures 4-5

I Iohriois porites australiensis Cookson, 1973, Australian Jour. Bot.,
vol. 1, no. 3, p. '70, pl. 2, figs. 31 -34.

C icatr is os is joritees mohrio ides Delcourt and S prumont, 1955. Lantz ,1958 ,

Inst. Français du tro1e, Annales des Conbust. Liquides,
vol. 13, no. 6, p.923, p1.2, figs. 19 -23.

/
Cicatricosisnorites a.ustralierlsis (Cookson) Potonie, 1956, Beihefte Geol.

Jahrb. , vol. 23, p.0 .

Cicatric os is porites dorogensis Potonié and Gelletich, 1932. Pocock, 1962,
Palaeontographica, vol. 111, Abt. B, p.39, p1.2, figs. 35 -36.

DESCRIPTION:

Trilete spore; equatorial outline triangular with straight to

slightly convex sides and characterized by the notched outline of apices.

Laesurae straight, length 3/4 of, to almost equal to, spore radius;

bordered by elevated lips. Exine ca. 1.5 -2 microns thick. Distal

and proximal surfaces ornamented with smooth ridges ca. 1 -2 microns wide,

spaced ca. 1.5- 2.5 microns apart, and .5 -1 micron high. Ridges are

sharply crested, oriented parallel to each other and the interradial

margins; occasionally branching.

SIZE RANGE:

Maximum equatorial diameter : 35(L5 )53 microns (25 specimens) .
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OCCURRENCE:

Abundant, not restricted to any zone.

C OMITS :

This species is especially common in Cretaceous deposits of

Australasia.

Cicatricosisporites crassiterminatus Hedlund, 1966

Plate 2, Figure 6

Cicatricosisporites crassiterminatus Hedlund, 1966, Okla. Geol. Survey,
Bull. 112, p. 19, pl . 4, fig. 1.

DESCRIPTION:

Trilete spore; equatorial outline triangular with straight sides

and rounded apices; laesurae straight and long, almost reaching the

equator; commissures raised. Exine ca. 1.5 -3.5 microns thick, thick-

est at the apices. Both proximal and distal surfaces ornamented with

smooth, low ridges, ca. 2.5 -3.5 microns wide, and spaced 1 -3 microns

apart, occasionally bifurcating.

SIZE RANGE:

Maximum um equatorial diameter: 37.5 (49 )61.5 microns (10 specimens) .

OCCURRENCE:

Sparse, not restricted to any zone.

C OJMENTS :

This species has previously-been reported by Hedlund (1966) from

the Red Branch Member (Cenomanian) of the Woodbine Formation in Oklahoma.
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Cicatricosisporites cf. dorogensis Potonié and Gelletich,1932

Plate 3, Figures 1-2

Cicatricosisporites dorogensis Potonié and Gelletich, 1932, Sitzungs-
berichte Gesellschaft Nat. Freunde, p. 523 -524, pl. 1, figs.

1 -5.

C icat ric o s is s rites sewardi Delc ourt and Sprumont, 1955, Mem. Soc.
Belge Geol. de Paleont., Ser. in 4, no. 5, p.19, text- fig.2.

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

ca. 3/4 the spore radius; commissure raised in some specimens. Exine

ca. 1.5 -3 microns thick, bilayered. Proximal and distal exine or-

namented with smooth, rounded ridges forming a criss -cross pattern,

ridges occasionally branching, oriented at right angles or oblique to

sides of spore, ca. 1.5 -2 microns wide, ca. .5 -2 microns apart, and

about 1 micron high.

SIZE RANGE:

Maximum equatorial diameter: 34 (43 )59 microns (25 specimens).

OCCURRENCE:

Abundant, not restricted to any zone.

C O TENTS :

This species closely resembles C. dorogensis Potonié and

Gelletich(1932 ), however, it has fewer ridges interradially.

Cicatricosisporites sp. 1r

Plate 3, Figures 3 -4
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DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

almost equal to or equalling spore radius ; c ommis sure bordered by

elevated lips. Exine ca. 1.5 microns thick. Distal and proximal

surfaces ornamented with smooth, rounded ridges, ca. 1 -1.5 microns wide,

spaced ca. 1 -2 microns apart, and ca. .5 micron high. Ridges occasion-

ally branching , parallel to each other but oblique or at right angles

to interradial margins.

SIZE RANGE:

Maximum equatorial diameter: 31 -41 microns (4 specimens).

OCCURRENCE:

Rare, found in zone B.

Cicatricosisporites sp. 2

Plate 3, Figures 5 -6

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

straight, length 3/4 of, to almost equal to, spore radius, bordered by

narrow elevated lips, ca. .5 micron wide. Exine .5-1 micron thick,

slightly thicker at apices . Proximal and distal surfaces ornamented

with low ridges ca. 1.5 -2 microns wide and spaced ca. 1 micron apart,

oriented parallel to each other and to the interradial margins, and

usually better developed on distal side, both surfaces are perforated

by small pits.
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SIZE RANGE:

Maximum equatorial diameter: 37 (41)16 microns (8 specimens) .

OCCURRENCE:

Sparse, found in zone B and C.

Genus Klukisporites Couper, 1958

Klukisporites pseudoreticulatus Couper

Plate %, Figures 1-2

Klukisporites 2222doreticulatus Couper, 1958, Palaeontographica, vol.103,

Abt. B., p. 138, pl. 19, figs. 8 -10.

DESCRIPTION:

Trilete spore; equatorial outline triangular with straight to

slightly convex sides; laesurae long, almost extending to the equatorial

margin; commissures elevated. Exine 2 -3.5 microns thick, distal sur-

face with foveo - reticulate sculpture, lumina are angular, from 3- 7.5

microns across, muri flattened, ca. 1.5 -3 microns wide and ca. 1- 1.5

microns high, proximal surface is psilate around laesurae, distal sculp-

ture encroaching onto the proximal side interradially.

SIZE RANGE:

Maximum equatorial diameter: 37 (50)54 microns (20 specimens).

OCCURRENCE:

Sparse, found in zone A and B.

COMMENTS:

This species has previously been reported by C oupe r (1958) from

the Jurassic (Purbeck and Wealden) of England and by Brenner(1963) and

Stover (196) from the Potomac Group (L.Cretaceous) of Maryland.
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AFFINITY:

Somewhat resembles Lyodium spores of the Schizaeaceae.

Klukisporites verrucosus Pocock, 1964

Plate 4, Figures 3 -4

Klukisporites verrucosus Pocock, 1964, Grana Palynologica, vol. 5, no. 2,

p. 202, pl. 7, figs. 3 -4.

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

extending the full radius of the central body; length of the c ommis sures

ca. 19 microns. Exine 3 -3.5 microns thick, proximal side smooth, dis-

tal side verrucose, verrucae well - rounded, irregular in outline, often

elongate, 3 -3.5 microns in diameter and 1 -2 microns high.

SIZE RANGE:

Maximum equatorial diameter: 50.5 microns (1 specimen).

OCCURRENCE:

Rare, zone A.

COT /DENTS :

Because of the ornamentation, this species does not entirely

conform to Le.1121222Eites Couper, however, since the structure is es-

sentially the same, the species has been assigned to that genus by Pocock

(1964), who reported similar specimens from the Lower Cretaceous

(Albian ) of Saskatchewan,Canada. However, the verrucae of his

spores are larger.
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AFFI'v ITY :

Somewhat resembles recent Lygodium spores of the Schizaeaceae.

Family Gleicheniaceae

J
Genus Gleicheniidites (Ross ,19L 9) Delcourt and Sprumont,195 5

Gleicheniidites apilobatus Brenner,1963

Plate 4, Figure 5

Gleicheniidites apilobatus Brenner,1963, _Id. Dept. Geology, Nines and
Water Resources, Bull. 27, p . 52, pl. 11, figs. 2-3.

DESCRI-DTION:

Trilete spore; equatorial outline triangular with concave sides

and acute apices; laesurae extending to periphery; commissures bordered

by narrow lips, ca. 1 micron wide. Exine thin(ca. .5 micron),psilate.

On the distal side a ridge characteristically crosses the apical lobe.

The apical ridges may be connected by marginal ridges (close to the

equator) .

SIZE RANGE:

Maximum equatorial diameter: 20.5 (22 )24 microns (6 specimens) .

OCCURRENCE:

Rare , found in zone A and C.

AFFINITY:

The botanical affinities of this species are doubtful because

of the apical ridges. However, Brenner (1963) prefers to keep tais

species within the Gleicheniaceae.
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14.2

Brenner(1963) reported this species from the Potomac Group

(Lower Cretaceous) of Maryland. A similar type from the Albian of

western Kazakhstan was described by Bolkhovitina (1953) as Leiotriletes

tricus oidatus .

Gleicheniidites senonicus Ross ,191.9

Plate 4, Figure 6

Gleicheniidites senonicus Ross, 1949, Upsala, Univ., Geol. Institution,
Bull., vol. 314, p.311 pl. 1, fig. 3.

DESCRIPTION:

Trilete spore; equatorial outline triangular with slightly

concave sides and moderately rounded apices; laesurae reaching the

periphery, arcuate thickenings of the spore wall on the proximal side

subtend the angles of the laesurae in most specimens. Equatorial

thickenings do not extend around apices. Occasionally distal folds

parallel the equatorial margin of the spore. Exine ca. .5 -1 micron

thick at apices, psilate to finely s cabrate .

SIZE RANGE:

axirnlzn equatorial diameter: 26(31)39 microns (25 specimens).

OCCURRENCE:

Abundant, found in zone C.

AFFINITY:

Somewhat resembles recent Gleichenia spores.



Gleicheniidites sp. 1

Plate 4, Figure 7

DESCRIPTION:

)4 J

Trilete spore; equatorial outline triangular with straight to

slightly concave sides ; laesurae long, extending to equator. Exine

ca. .5 micron thick, granulate, granules ca. .5 micron in diameter.

Equatorial thickening prominent.

SIZE RANGE:

Maximum equatorial diameter: 23.5(26 )28 microns (6 specimens).

OCCURRENCE:

Rare, found in zone B and C.

COMNTS:

Similar species have been reported by Hedlund(1966) froam the

Woodbine Formation (Cenomanian) of Oklahoma, however, his s pec i.nens have

a pitted spore wall.

AFFINITY:

Somewhat resembles recent Gleichenia spores.

Family Pteridaceae

Genus Trilob oz onos por ites (Pant,1954) ex Potonie, 1956

Triloboz ono sorites sp. 1

Plate )4, Figure 8
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DESCRIPTION:

Trilete spore; central body bordered by cingulum -10 microns

wide interapically and 2 -5 microns wide apically; equatorial outline of

central body triangular with concave sides; laesurae long, extending to

margin of central body or beyond into cingulum; commissures narrow,

bordered by lips, ca. 1 micron or less wide( tapering slightly toward

apices). Exine of central body psilate to occasionally scabrate;

cingulum crenulate, narrower and smoother at apices. Central body

characteristically thicker at the equatorial margin between trilete

rays.

SIZE RANGE:

Maximum equatorial diameter: 31(41)50 microns (25 specimens) .

OC CtTRRENCE :

Common, not restricted to any zone.

C O'INTS :

This species resembles Trilobozonos2orites (Weyland and Krieger,

1953) , Potonié (1956 ), from the Middle Senonian of Aachen, Germany,

however, their species differs in having a cingulum with a smoother out-

line and greater width at the apices.

AFFINITY:

Pteridaceae, resembling recent James onia spores.

Family Cyatheaceae

Genus Kuylis oorites Potonié, 1956

Kuylisporites sp. 1

Plate %, Figures 9 -10
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DESCRIPTIOD:

Trilete spore; equatorial outline subtriangular; laesurae

straight, 2/3 the spore radius, and bordered by weakly thickened lips

(ca. 2 microns wide ). Exine 1 -2 microns thick, surface very faintly

granular under oil immersion, conspicuous ridges enclosing 4-6 sided

shallow lumina, ca. 1.5 -8.5 microns across, ornamentation confined to

distal surface.

SIZE RANGE:

Maximum equatorial diameter: 58 microns ( 1 specimen) .

OCCURRENCE:

Rare, found in zone B.

C O; ü,T;N TS :

This species is not entirely conformable with Kuylisporites

( ?otonié,l956 ). This microfossil appears to have stratigraphic

value. It somewhat resembles Kuylisporites lunaris (Cookson, and

Dettma.nn, l 958) from the Aptian-Albian deposits of Aus tralla, however,

it does not have crescentic-shaped ridges . K. lunaris was also

reported by Brenner(1963) from the Arundel Clay (Lower Cretaceous)

of Maryland.

AFFINITY:

Comparable to recent species of Cnemidaria (Hemitelia) of the

Cyatheaceae.
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Pteridophytic Spores - Inc ertae Sedis

Genus Balmeisporites Cookson and Dettmann,1953

Balmeisporites glenelg4ens is Cookson and Dettmann

Plate 5, Figures 1 -2

Balmeisporites 0_enel ;ens is Cookson and De ttmann,1958 , Mic rogale ont . ,

vol. 4, no. 1, p.431 pl. 2, figs. 9 -10.

DESCRIPTION:

Trilete megaspore; equatorial outline of spore body circular

to spherical; laesurae extending to equator, indistinct in most

specimens. Exine ca. 7.5 - 1L. microns thick, trilayered, inner

layer ca. .5 micron thick, homogeneous middle layer ca. 4-5.5 microns

thick, and transparent, granular, outer layer which forms the reticulum

is variable in thickness (from 3 -8 microns thick). Surface of the

exine coarsely reticulate, muri smooth, ca. 1 -2.5 microns across,

3 -8 microns high, lumina of variable size, mostly about 10-20 _microns

in greatest diameter. Three equidistant equatorial outgrowths of

the exine are present, possessing non -reticulate and granular surfaces.

SIZE RANGE:

Equatorial diameter: 117 (141)162 microns (15 specimens) .

Overall equatorial diameter (includes winglike projections):

1S6(182)2o9 microns (6 specimens)

Polar axis (spore body) : 120(139 )152 microns (5 specimens) .

Overall polar axis (includes neck) : 177(156)201 microns.



OCCURRENCE:

Sparse, found in zone A.

COMMENTS:

This species was first reported by Cookson and Dettmann (1958 )

from Upper Cretaceous strata of the Otway Basin in Australia. It

has since been recovered from the Winton r ormation (Cenomanian ?) of the

Great Artesian Basin in Australia(Dettmann,1963) and from the doodbine

Formation(Cenomanian) of Oklahoma by Hedlund(1

Balmeis porite s s p. 1

Plate 5, Figure 3

966) .

117

DESCRIPTION:

Trilete megaspore; spore body circular to spherical; laesurae

distinct, extending to the equatorial margin. The exine wall is ca.

7 microns thick, trilayered, consisting of a thin inner layer (ca . .5

micron thick) , a homogeneous middle layer, ca. 3-3.5 microns thick, and

a transparent, granular, outer layer, ca. 2-3 microns Chic k, which forms

the reticulum. The muri of the reticulum are narrow,ca. .5 -1 micron

across and 2 -3 microns high, lumina varying in size, from 8 -15 microns

across. Three equatorial outgrowths of the exine are present pos-

sessing non-reticulate and granular surfaces.

SIZE RANGE :

Equatorial diameter of spore body: 105 microns (1 specimen).

Overall equatorial diameter: 122 microns
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OCCURRENCE:

Rare, found in zone A.

C OMIT' NTS :

This species differs from Baime is porites Elenelgens is in

its smaller size, finer reticulate sculpture, and nature of equatorial

outgrowths.

Genus Cararoz onos porites (Potoni,1956) Klaus ,1960

Camarozonos porites sp. 1

Plate 5, Figures 4 -5

DESCRIPTION:

Trilete spore; equatorial outline to subtriangular;

laesurae distinct, ca. 2/3 spore radius; commissures bordered by a short

margo, which does not completely surround the trilete mark. aine

thickness undeterminable, sculpturing coarsely rugulate, ruguiae high-

er interradially along equatorial margins ( 4 -5.5 microns ), becoming

finer towards apical area, almost absent at apices.

SIZE RANGE:

Maximum equatorial diameter: 28(33)38 microns (25 specimens).

OCCURRENCE:

Abundant, not restricted to any zone.

AFFINITY:

Lyc opodiaceae (? ), possibly related to recent Lyc opodiu -a spores.
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Camaroz onos porites s p. 2

Plate 5, Figures 6 -7

DESCRIPTION:

Trilete spore; equatorial outline subcircular to subtriangular;

laesurae distinct to more or less indistinct, ca. 2/3- 3/4 spore radius;

commissure bordered by a short indistinct margo. Exine thickness un-

determinable, sculpturing rugulate, rugulae higher interradially along

equatorial margins (ca. 2 microns), becoming finer towards apical area.

SIZE RANGE:

Maximum equatorial diameter: 23 (29)36 microns (25 specimens) .

OCCURRENCE:

Common, not restricted to any zone.

AFFINITY:

Lycopodiaceae ( ?) , possibly related to recent Lycopodium spores.

Genus Chomotriletes ( Nauenova ), ex Naumova,1953

Chomotriletes s p. l

Plate 6, Figure 1

DESCRIPTION:

Alete spore(?); circular to subcircular in equatorial outline.

Exine thickness indeterminable, but thicker at equatorial margins,

equatorial thickening 1 -2 microns wide, ornamented with concentrically

arranged ridges on both sides, which are continuous except for occasional

bifurcations. Ridges are narrow( ca. .5 micron wide), and separated

by furrows ca. .5 micron wide. In the central area of the grain the



50

ridges lose their concentricity and bec odie more or less parallel to

the long axis of the grain.

SIZE RANGE:

Maximum equatorial diameter: 26.5(30)36 microns (10 specimens).

OCCURRENCE:

Sparse, found only in z one A.

C OMIEN TS :

This species differs from Chomotriletes almezrensis (Pocock,1962 )

in having thinner ridges, and the ridges are more or less parallel to

the long axis of the grain in the polar area.

Genus Coronatispora Dettmann,1963

Coronatispora sp. 1

Plate 6, Figures 2 -3

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular;laesurae

straight, extending to equatorial margin, with thin( ca. 1 micron wide),

elevated, undulose lips. Exine ca. .5 micron thick, but thicker in

the equatorial, interradial regions. Equatorial thickenings (inter-

radial crassitudes) attaining maximum width of 6 microns interradially

and narrowing at radii, separated from exine of central body(cavate).

Distal surface with a circumpolar ridge, ca. 2.5 microns wide, total

diameter ca. 10 microns. Exine with circular foveolae, .5 -1 micron

in diameter.
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SIZE RANGE:

Maximum equatorial diameter: 41 microns (1 specimen) .

OCCURRENCE:

Rare, found in zone C.

COMMENTS:

This species closely resembles Coronatispora perforata as re-

ported by Dettmann (1963) from the Lower Cretaceous deposits of the

Great Artesian and Otway Basins of southeast Australia.

Genus Cyathidites Couper,1953

Cyyathidites minor Couper

Plate 6, Figure 4

Cyathidites minor Couper,1953, New Zealand Geol. Surv., Paleont.
Bull. 22, p.28, pl. 2, fig. 13.

DESCRIPTION:

Trilete s pore; equatorial outline triangular with usually

concave sides and broadly rounded apices; laesurae distinct, ca. 2/3-

3/4 the s pore radius , characteristically split, rays gradually taper

toward apices. mine ca. 1 micron thick, interradial thickening of

exine at contact area, psilate.

SIZE RANGE:

Maximum equatorial diameter: 27(32)38 microns (25 specimens).

OCCURRENCE:

Abundant, not restricted to any zone.
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COJf t NTS :

This species shows widespread distribution in Upper Mesozoic

( Jurassic- Cretaceous) deposits in Australasia, Couper(1953),Balme(1957)

and Dettmann (1963), and in North America, Groot, Penny and Groot (1961),

Pocock(1962), and Brenner(1963).

AFFINITY:

Possibly cyatheaceous. The modern genera Cyathea and

Gymnosphaera of the Cyatheaceae are similar to C. minor , but some

modern spores of the Pteridaaceae and Polypodiaceae also have similar

morphologic features.

Genus Dictyophyllidites Couper,1958

2121,2 2127_111"11112.1 s p.1

Plate 6, Figure 5

DESCRIPTION:

Trilete spore; equatorial outline triangular with straight sides

and slightly rounded to truncated apices; laesurae distinct, almost

reaching the equatorial margin, elevated above the general surface of

the spore, and completely surrounded by a distinct, faintly sculptured

margo(auriculate ), ca. 1.5 microns thick. Exine ca. .5 micron thick,

but thickening to 1.5 microns at the apices where the margo reaches the

equator,psilate.

SIZE RANGE:

Maximum equatorial diameter: 43 microns (1 specimen) .
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OCCURRENCE:

Rare, found in zone B.

COMMENTS:

Brenner(1963) has described a somewhat similar specimen from

the Arundel Clay (Lower Cretaceous) of Maryland, however, his grain

is smaller(22 microns) and the margo does not reach the equator.

Genus Foveotriletes Van der Hammen,1954, ex Potonié,1956

Foveotriletes subtriangularis Brenner,1963

Plate 6, Figure 6

Foveotriletes subtriangularis Brenner, 1963, Md. Dept. Geology, Mines
and Water Resources, Bull. 27, p.62, pl. 16, fig. 2.

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

almost reaching the equatorial margin; commissures bordered by narrow

lips, ca. .5 -1 micron wide. Exine ca. 1.5 microns thick, foveolate,

fovea circular, ca. .5 -1 micron across, ca. .5 micron in depth, and

spaced ca. 1 micron apart, better developed on distal side.

SIZE RANGE:

Maximum equatorial diameter: 42.5 -46 microns (2 specimens) .

OCCURRENCE:

Rare, found in zone B.
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COMMENTS:

Previously reported from the Lower Cretaceous of Maryland

(Brenner,1963 ). Foveosporites cyclicus Stanley(1965) is similar

to F. s ubt rianßularis , however, the fovea of the latter species are

rounder and do not become elongated near the periphery.

Genus Laevigatosporites Ibrahim,1933

Laevigatosporites ovatus Wilson and Webster,19L:6

Plate 6, Figure 7

Laevigatosporites ovatus Wilson and Webster,19L6, Amer. Jour. Bot.,
vol. 33, no. 4, p.273, fig. 5.

Monolites minor Cooks on,19L.7, B .A .N .Z . Antarctic Res. Exp. 1929-31,
Rep. A, vol. 2, p.135, pl. 15, fig. 57.

Poles adicea,esporites minor (Cookson) Potonié, 1956, Synopsis der Gat -

tungen der Sporae dis pers ae I. Te il : S porites . Be ih. Geol.

Jahrb. 23, p.76, pl. 10, fig. 103.

DESCRIPTION:

Monolete spore; spore outline in lateral equatorial view sub-

circular on the distal side and with polar area slightly flattened;

laesurae simple, 1/2 length of proximal surface, ca. 15.5 -24 microns

long, frequently gaping. Exine ca. 1- 1.5 microns thick, psilate.

SIZE RANGE:

Length: 29(38)L5 microns (25 specimens)

Width: 2L.(28)33 microns fi

Polar axis : 21(23 )24.5 microns (6 specimens) .



OCCURRENCE:

Abundant, not restricted to any zone.

CO1" NTS:

This species was first described by Wilson and Webster(1946)

from the Fort Union coal (Paleocene) of Montana. Similar, if not

identical,spores have also been reported from other areas of the world

in strata dating from the Paleozoic to Recent.

AFFINITY:

Polypodiaceae (? )

Genus Matonisporites Couper,1958

r atonic porites impensus Hedlund,1966

Plate 7, Figure 1

Natonis porites immsus , Hedlund,1966, Okla. Geol. Survey, Bull. 112,
p.13, pl. 2, fig. 1.

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular; laesurae

2/3- 3/4 the spore radius; commissures raised, and bordered by lips.

Exine ca. 1.5 -3 microns thick, psilate.

SIZE RANGE:

Maximum equatorial diameter : 58 (66 )83 microns (14 specimens) .

OC CURR.ENCE :

Sparse, found in zone B and C.



COMMENTS:

This species has been reported from the Woodbine Formation

(Cenomanian) of Oklahoma (Hedlurìd,1966).

AFFINITY:

Matoniaceae ( ?)

Genus Minerisporites Potonie,1956

Mine ris norites mirabilis (Miner) Potoni ,1956

Plate 7, Figures 2 -3

Selaginellites mirabilis
p. 618, p1. 23,

Minerisporites mirabilis

p. -438, pl. 911

Miner,1935, Amer. Midl. Nat., vol.16, no. 4,
figs. 1-6.

Hall, 1963, Pollen et Spores, vol. 5, no. 2,
fig. 40.
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DESCRIPTION:

Trilete megaspore; equatorial outline subtriangular to rounded;

triradiate ridges straight or nearly so, extending beyond the periphery

of the spore( ca. 10 microns), width of ridges ca. 19.5 -22 microns.

Exine ca. 9 microns thick, surface finely granulate and coarsely re-

ticulate, lumina rounded, 6.5 - 22 microns across ( widest near equatorial

margin), muri sharply crested, 6 -9.5 microns wide, and ca. 7.5 microns

high.

SIZE RANGE :

Maximum diameter of the entire spore: 439 microns (1 specimen) .

OCCURRENCE:

Rare, found in zone A and C.
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C O 1"EN TS :

This species has previously been reported from the Fort Union

Formation (Paleocene) in Montana by Miner(1935), and from the Dakota

Formation (Ceno.manian) of Iowa by Hall. (1963) .

AFFINITY:

A possible affinity of M. mirabilis is with the Selaginellaceae.

Genus Perotriletes (Erdtman) ex Couper,1953

Perotriletes bursatus Hal1,1963

Plate 7, Figures 4-5

Perotriletes bursatus Hal1,1963, Pollen et Spores, vol. 5, no. 2,

P. 43)4 and 436, pl. 88, figs. 16 -17.

DESCRIPTION:

Trilete spore; laesurae indistinct; spore body spherical to

circular, enclosed by a thin (ca. 1 micron), more or less transparent

perispore, which closely envelopes the spore body except at the proximal

pole where it is extended as a short neck -like projection, ca. 1/4 -

1/2 the polar spore diameter. Surface of the perispore is finely and

regularly granular and is irregularly wrinkled (rugulate ), mostly along

the polar axis. Exine of spore body ca. .5- 1.5 microns thick, ps ilate .

SIZE RANGE:

Polar diameter(includes perispore) : 30(42 )54 microns

Equatorial diameter: 30.5(42 )57 microns (12 specimens) .

0C CURRENCE :

Sparse, not restricted to any zone.
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COMMENTS:

This species has previously been described by Hall(1963) from

the Dakota Formation(Cenomanian) of Iowa.

AFFINITY:

Marsileaceae(?) Cookson and De ttmann (1958) and Hall(1963)

regard Perotriletes as being morphologically similar to recent Pilu-

laria and Renellidium spores of the Marsileaceae, a family of fresh-

water ferns.

Genus Pilosisporites Delcourt and S prumont

Pilosisporites s p.1

Plate 8, Figure 1

DESCRIPTION:

Trilete spore; equatorial outline triangular with straight

sides and well- rounded apices; laesurae 1/2 - 3/4 radius of spore.

Exine ca. 2 microns thick(excluding spines), spinulose, spines are

larger and more concentrated in the apical areas, ca. 1.5 -3 microns

long, and ca. .5 -3.5 microns wide.

SIZE RANGE:

Maximum equatorial diameter (excluding spines) :

62- ?3 microns ( 3 specimens)

OCCURRENCE:

Rare, found in zone B.



COMMENTS:

Pilosisporites has been reported from numerous Lower- 1liddle

Cretaceous deposits of North America (Pocock,1962 ), (Brenner,1963) and

(S ingh,196Ii.) .

Genus Retitriletes Pierce,1961

Retitriletes sp. 1

Plate 8, Figures 2-3

DESCRIPTION:

59

Atete spore(?); trilete mark indistinct if present; equatorial

outline subtriangular to subrounded. Exine thickness indeterminable

for most specimens, however, one specimen showed a thin somewhat in-

distinct wall, ca. .5 micron thick. Sculpture psilate, but with a

conspicuous reticulate pattern, which becomes finer towards equatorial

margins.

SIZE RANGE:

Maximum equatorial diameter: 42 (49 )57 microns (25 specimens) .

OCCURRENCE:

Common, not restricted to any zone, but more abundant in zone B.

C OMN NTS :

This species differs from Retitriletes pluricellulus as reported

by Pierce (1961), from the Cenomanian deposits of Minnesota, in having

a smaller size and poorly defined exine.
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Genus Taur ocus oorites S tove r,1962

Taurocusporites segmentatus Stover,1962

Plate 8, Figures 4-5

Taurocusporites segmentatus Stover, 1962, Micropaleont., vol. 8, no. 1,
P.56-571 pl. 1, figs. 1 -14.

DESCRIPTION:

Trilete spore; equatorial outline convexly triangular to sub -

circular with a smooth to slightly crenulate margin; laesurae distinct,

almost reaching the equatorial margin; commissures are straight, bor-

dered by broad(ca. 4.5 microns wide ),elevated lips, that are trans-

versely segmented by somewhat indistinct fissures. mine ca. 3 mic-

rons thick at the equator, proximal surface ornamented with low, ir-

regularly shaped verrucae (ca. 1 -3 microns across) that are closely

packed together to form a negative reticulum. The ornamentation does

not cover the entire proximal surface, the equatorial area being un-

ornamented. Distal surface trizonate, these zones being separated

from each other by narrow rings or grooves (ca. 1 -1.5 microns wide),

the outer ring slightly wider than the inner one.

SIZE RANGE:

Maximum equatorial diameter: 51 microns (1 specimen)

Width of outer zone: 4 microns

Width of medial zone: 5 microns

Diameter of inner zone: 15 microns
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OCCURRENCE:

Rare, found in zone B.

C OTENTS :

This species cas previously reported by Stover(1962) and

Brenner(1963) from the Lower Cretaceous of Maryland, and from the

Lower Cretaceous deposits of Alberta by Singh(1964) .

Genus Trilobosporites (Pant,1954) ex Potonie,195o

Trilobosporites s p.l

Plate 8, Figure 6

DESCRIPTION:

Trilete spore; equatorial outline triangular with straight

sides and broadly rounded apices. mine ca. 1 micron thick,

thickening slightly in inter -apical area, granulate, granules closely

spaced, ca. 1 micron in diameter. Sculpture increasing in size in

the apical areas.

SIZE RANGE:

Maximum equatorial diameter: 58.5 microns (1 specimen).

OCCURRENCE:

Rare, found in zone B.

Spore Type A

Plate 9, Figures 1-3
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DESCRIPTION:

Monolete spore; equatorial outline rectangular to square

with slightly rounded corners; laesurae simple, frequently gaping,

ca. 1/2- 2/3 length of proximal surface, parallel to sides or more

commonly oblique. Exine ca. .5-1 micron thick, ps ilate , s cabrate to

faintly f ove olate .

SIZE RANGE:

Maximum length: 35 (48 )55 microns (25 specimens) .

Maximum width: 33 (43 )55 microns

OCCURRENCE:

Common, found in zone A and C.

It

Phylum Gymn os pe rmae

Class Coniferopsida

Order Coniferae (Conifers)

Families of the Pinaceae- Podocarpaceae Complex

Genus Podocarpidites Cookson,1917 ex Couper,1953

Podocaroidites multesimus (Bolkhovitina) Pocock,1962

Plate 9, Figure 4

Podocarpus multes ima Bolkhovitina, 1956, Trudy Geol. Inst., Akad. Nauk
SSSR, vol.2, p.127, pl. 24, fig. 235.

Podocarpidites multes imus (Bolkhovitina) Poc oc k,1962 , Palte ontographic a,
vol. 111, Abt. B. , p.67, pls . 10-11, figs. 161 -163.
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DESCRIPTION:

Bisaccate pollen; equatorial outline of central body sub-

circular; proximal cap uniformably granulose, ca. 1.5 -2 microns thick.

Sacci large, longer than the central body, distally pendant, and very

finely reticulate to punctate.

SIZE RANGE:

Length of central body: 36.5 microns

Breath of central body: 39 microns

Length of bladder: 45 microns

Breath of bladder: 30 microns

Total breath of grain: 76 microns (1 specimen).

OCCURRENCE:

Rare, found in zone A.

C OT'I'T T S :

This species has been reported from the Lower Jurassic of the

Vilyui Basin of Russia by Bolkhovitina (1956 ), and from the TLa.nnville

Group(Lower Cretaceous) of western Canada by Pocock(1962) and Singh(1964).

AFFINITY:

Possibly Podocarpaceae.

Genus Rugubivesiculites Pierce ,1961

Ruubives iculites woodbinensis Hedlund,1966

Plate 9, Figures 5 -6
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Euaubivesiculites woodbinensis Hedlund,1966, Okla. Geol. Survey,
Bull. 112, p.23, pl. 7, fig. 2.

DESCRIPTION:

Bisaccate pollen; equatorial outline of central body sub-

spherical. Exine thickness indeterminable, proximal cap highly

rugulate to faintly reticulate, sculpturing increasing in size to-

wards the margin of the cap. Sacci large, equal to or shorter in

length than the central body and distally attached, finely reticulate.

SIZE RANGE:

Length of cental body: 36.5 (1x1)49 microns

Breath of cental body: 29.5(36 )39 microns

Length of bladder: 29(35 ))4i. microns

Breath of bladder: 16(19)27 microns

Total breath of grain: 66(70)75.5 microns (13 specimens).

OCCURRENCE:

Sparse, not restricted to any zone.

COMH NTS :

Previously reported from the Woodbine Formation ( Cenomanian) of

Oklahoma (He dlund,1966) . Similar types have been reported from the

Cenomanian of Minnesota by Pierce (1961) and Albian - Cenomanian deposits

of Maryland (Brenner,1963) .



65

Class Coniferops ida

Genus Circulina (Malyavkina,191i.9) ex Klaus,1960

Circulina parva Brenner,1963

Plate 10, Figure 1

Circulina parva Brenner,1963, Md. Dept. Geology, Mines and dater R
sources, Bull. 27, p.84, pl. 34, figs. 2-3.

DESCRIPTION:

Hilate(?) pollen; equatorial outline circular. The surface

is divided into two unequal hemispheres by a narrow furrow-like band

(.5-1 micron wide) encircling the distal side. Circular opening

(hilum ?) on the distal side, ca. 5.5 microns in diameter, proximal sur-

face with or without a triangular scar area. Exine ca. 1 micron

thick at the equator, psilate to faintly scabrate, and lacking

striations.

SIZE RANGE:

Maximum equatorial diameter: 17(2S)33 microns (25 specimens) .

OCCURRENCE:

Abundant, not restricted to any zone.

C OMMENTS :

This species was previously reported by Brenner(1963) from the

Potomac Group (Lower Cretaceous) of Maryland.

AFFINITY:

Possibly related to the gymnospermous pollen Class opollis .
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Genus Vitreisporites (Les chik,1955) Jans onius ,1962

Vitreisporites pallidus (Reissinger, (1939) ex, 1950) Nilsson,1958

Plate 9, Figure 7

Pitysporites pallidus Reissinger,1939, Palaeontographica, vol. 84,
Abt. B, p. 14 (not illustrated).

Pityopollenites pallidus (Reissinger) Reiss inger,1950, Palaeontographica,
vol. 90, Abt. B, p. 115, pl. 15, figs. 1 -5.

Caytonipollenites pallidus (Reissinger) Couper,1958, Palaeontographica,
vol. 103, Abt. B, p. 150, pl. 26, figs. 7-8.

Vitreisporites pallidus (Reissinger) Nilss on,1958, Pub. Inst. Min. Pal.,
and Quaternary Geol. Univ. Lund. Sweden, no. 53, p.77- 78,p1. 7
figs. 12-14.

DESCRIPTION:

Small bisaccate pollen; central body of grain oval in polar view,

longer than broad. Exine of cental body thin, ca. .5 -1 micron thick,

granular to smooth. Sacci finely reticulate, equal or almost equal

in length with central body.

SIZE RANGE:

Length of central body: 23 (25 )26.5 microns

Breath of central body: 12(15)17 microns

Length of bladder: 23.5(25)27 microns

Breath of bladder: 15 (16)18 microns

Total breath of grain: 33 (40 )43 microns (6 specimens) .

OCCURRENCE:

Rare, found in zone A and B.
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C OMP ENTS :

This species has been reported from the Jurassic and Lower

Cretaceous deposits of western Canada by Pocock(1962), and from the

Potomac Group (Lower Cretaceous) of Maryland by Brenner (1963) .

AFFINITY:

Pocock(1962) provisionally assigned this species to the

Caytoniaceae, however, the actual affinity is doubtful.

Class C onif e rops ida or Taxopsida

Genus Taxodiaceaepollenites Kremp,1919

Taxodiaceaepollenites sp. 1

Plate 10, Figures 2-3

DESCRIPTION:

Asaccate pollen. Exine very thin, ca. .5 micron or less

thick, faintly scabrate, and characteristically ruptured. The

fissura almost extending full length of grain.

SIZE RANGE:

Length of fissura : 24.5(3O)39 microns (25 specimens).

OCCURRENCE:

Abundant, not restricted to any zone.

Gymnospermae - Incertae Sedis

Genus Eucommiidites (Erdtrnan,1948) Couper,1958

Eucommiidites sp. 1

Plate 10, Figures 4-5
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DESCRIPTION:

Monosulcate pollen; elliptical in equatorial view; large

distal sulcus extending full length of grain, maximum width 4.5 microns.

The proximal side has two very narrow (ca. .5 micron wide ), sulci near

the equatorial margin. Exine ca. 1 micron thick, psilate.

SIZE RANGE:

Width: 16 microns (1 specimen).

Length: 28 microns

OC CURRENCE :

Rare, found in zone A.

C0MIENTS:

The genus Euc ommiidites has been recorded from numerous

Jurassic and Cretaceous deposits from all over the world.

AFFINITY:

Proangios permae ( ?) Kremp (1966) considers Euc omniidites

(Prot oquercus) as the missing link between gymnospermous and di-

cotyledonous pollen.

Phylum Angios permae

Class Monoc otyle donae

Genus Liliacidites C ouper,1953

Liliacidites cf. variegatus Couper

Plate 10, Figures 6-7
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Liliacidites variegatus Couper,1953, New Zealand Geol. Survey,
Paleontological Bull. 221 p. 56, figs. 98-99.

DESCRIPTION:

Monocolpate pollen; elliptical outline in equatorial view;

furrow distinct, narrow but of uniform width, almost extending full

length of grain. Exine thin(ca. .5 micron thick), reticulate,

lumina ca. .5 -2 microns across, muri ca. .5 micron wide, columellae

located at junction of muri. The reticulum becomes finer toward

center of grain.

SIZE RANGE:

Length: 22-25 microns (3 specimens).

Width: 17 -22 microns

OCCURRENCE:

Rare, found in zone A.

COMMENTS:

A similar if not identical type was illustated by Hedlund(1966 )

from the Woodbine Formation(Cenomanian) of Oklahoma.

AFFINITY:

Possibly Liliaceae.

Class Dicotyledonae

Genus Tricolpites Cooks on,19l.7 ex Couper,1953

Tricolpites sp.1

Plate 10, Figures 8 -9
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DF,SCRIPTION:

Tricolpate pollen; oblate; colpi 3/4 radius in polar view.

Icine thin (ca. .5 -1 micron thick), thickening towards colpi, granulate,

granules ca. .5 micron in diameter.

SIZE RANGE:

Maximum equatorial diameter: 16(20)26 microns (8 specimens) .

OC CURRENCE :

Rare, not restricted to any zone.

Tricolpites sp.2

Plate 10, Figures 10-11

DESCRIPTION:

Small tricolpate pollen grain. Exine of central body ca. 1

micron thick, psilate. Perine ca. 2 microns thick, coarsely reticulate,

lumina ca. 1.5 -3 microns across, muri ca. .5 micron or less wide, sup-

ported by columellae, which are arranged at the junction of the muri.

SIZE RANGE:

Maximum equatorial diameter: 18 microns (1 specimen) .

OC .: URREN C E :

Rare, found in zone A.

Tricolpites sp.3

Plate 10, Figures 12 -13
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DF.S C RI PTI ON :

Tricolpate pollen; oblate; colpi 2/3 -- 3/4 radius in polar

view. Exine ca. .5 -1 micron thick, reticulate, lumina .5 micron

or less across. The sculpture always becomes finer over the poles

and along the margins of the colpi.

SIZE RANGE:

Maximum equatorial diameter: 23(27)30 microns (25 specimens) .

OC CURRENCE :

Abundant, not restricted to any zone. One of the most

abundant types of angios permous pollen within the Dakota Sandstone.

Tricolpites s p. 4

Plate 11, Figures 1 -3

DESCRIPTION:

Small tricolpate pollen grain; colpi ca. 3/4 radius in polar

view. Exine bilayered, ca. 1.5 microns thick, with sexine thicker

than nexine, sculpture reticulate, with small lumina (ca. .5-1 micron

across), and muri ca. 1.5 microns wide and ca. .5 micron high.

SIZE RANGE:

Maximum equatorial diameter: 18.5 microns (1 specimen) .

OCCURRENCE:

Rare, found in zone B.
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Pollen Type A

Plate 11, Figures 4 -6

DESCRIPTION:

Obligate, tricolpate pollen tetrad. Colpi distinct to in-

distinct, ca. 2.5 -3 microns wide. Exine trilayered, ca. 2.5 -3 microns

thick, ectosexine ca. .5 -1 micron thick, endosexine ca. 1.5 microns

thick, and nexine ca. .5 micron thick. Sexine consists of closely

spaced pila, capita connected by "bridges" which form a reticulum,

lumina ca. .5 -1.5 microns across, muri ("bridges") ca. .5 -1 micron wide.

SIZE RANGE:

Maximum diameter of obligate tetrad:

27 (35)ú.6 microns (25 specimens).

OCCURRENCE:

Common, not restricted to any zone.

Genus Stephanocolpites (van der Hammen 1954,1956) Potonie ,1956

Stephanocolpites tectorius Hedlund,1966

Plate 11, Figures 7 -8

Stephanocolpites to c torius Hedlund,1966, Okla. Geol. Survey, Bull. 112,
p. 30, pl. 9, fig. 8.

DESCRIPTION:

Polyc of pate pollen; perprolate to prolate. Exine ca. 2 -2.5

microns thick, tegillate, forming a microreticulate sculpture, lumina

of reticulum ca. .5 micron across. At least four colpi present,

narrow, very long, almost reaching polar ends of grain.
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SIZE RANGE:

Length: 55 -75 microns (3 specimens).

Width: 38 -Lw microns

OCCURRENCE:

Rare, not restricted to any zone.

C OMIl"NTS :

This species has previously been reported by Hedlund(1966)

from the Woodbine Formation(Cenomanian) of Oklahoma.

AFFINITY:

Angios permous pollen.

Genus Tricolporopollenites Pflug,1952 ex Thomson and Pflug,1953

Tricolporopollenites s p. i

Plate 11, Figures 9 -10

DESCRIPTION:

Tricolporate pollen; suboblate to subprolate; colpi deeply in-

cised in polar view, bordered by smooth margoes in most specimens; ora

ca. 2.5 -3.5 microns in diameter, staining darker than rest of grain.

Exine ca. .5-1 micron thick, ps ilate .

SIZE RANGE:

Polar axis : 20 microns (2 specimens) .

Equatorial diameter: 1tß.5 (17 )23 microns (25 specimens).

OCCURRENCE:

Abundant, not restricted to any zone.
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C O-r1 <TS :

Hedlund(1966) reported a very similar if not identical type

(Tricolporopollenites ali uantulus) from the Cenortia.nian of Oklahoma.

Tric ol poropollenites s p. 2

Plate 12, Figure 1

DESCRIPTION:

Tricolporate pollen; colpi deeply incised in polar view.

Ora ca. 2 -4 microns in diameter, staining darker. Exine ca. .5 -1

micron thick, sculpture reticulate to psilate, becoming finer over

the poles and along the margins of the colpi.

SIZE RANGE:

Maximum equatorial diameter: 18 -26.5 microns (4 specimens) .

OCCURRENCE:

Rare, not restricted to any zone.

Syncolporites van der Hammen,1954

Syncolporites sp. 1

Plate 12, Figures 2 -3

DESCRIPTION:

Small syncolporate pollen; equatorial outline triangular with

straight sides. Pores deeply incised(ca. 2 microns) and ca. 1 micron

in diameter; colpi somewhat indistinct. Exine thin (ca. .5 micron or

less thick), reticulate, lumina mostly .5 micron across.
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SIZE RANGE:

Maximum equatorial diameter: 20 microns (1 specimen).

OCCURRENCE:

Rare, found in zone C.

AFFINITY:

Possibly S antalac eae or Iyyrtac eae .

Gymnos perma.e or Antiios perma e Incertae Sedis

Genus Peromonolites Couper,1953

Peromonolites 22122reticulatus Brenner,1963

Plate 12, Figures 4 -6

peroreticulatus Md. Dept. Geology, Mines and
Water Resources, Bull. 27, p. 94, pl. 41, figs. 1-2.

DESCRIPTION:

Monosulcate pollen; elliptical in equatorial view; sulcus al-

most reaching end of central body. Exine of central body ca. .5 -1

micron thick, psilate. Perine consists of widely spaced pila, ca.

1 -2 microns high, .5 -1 micron wide, and 1.5 -4.5 microns apart, capita

connected by "bridges" ca. .5 micron thick, forming a reticulum, lumina

4 -6 sided, mostly from 2 -4.5 microns across, columellae distinct,

arranged in single rows (s implibaculate) . Reticulum not interrupted

at the position of the sulcus.

SIZE RANGE:

Length of central body: 16.5(18 )19.5 microns (25 specimens).

Total length of pollen: 17.5(20)22.5 microns
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Width of central body: 12.5 (15 )18 microns

Total width (includes perire) : 15(17)21 microns

OC CURRENCE :

Abundant, found in zone A.

COMMENTS:

This species has previously been reported by Brenner(1963)

from the Potomac Group(Lower Cretaceous) of Maryland. It differs

from P. reticulatus Brenner, in its somewhat coarser reticulate

sculpture.

Genus Schizosporis Cookson and Dettmann,1959

Schizosporis arvus Cookson and Dettmann

Plate 12, Figure 10

Schizosporis narvus Cookson and Dettmann,1959, Micropaleont., vol. 5,
no. 2, p. 216, pl. 1, figs. 15 -20.

DESCRIPTION:

Monosulcate pollen; outline ellipsoidal, splitting equa --

torially into two equal, elongate "boat- shaped" halves. Sulcus

of illustated specimen extending full length of grain, and with a

maximum width of ca. 13 microns. Exine ca. 1 -1.5 microns thick,

ps ilate .

SIZE RANGE:

Length: 69 -?3 microns ( 5 specimens).

Width: 28 -31 microns
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OCCURRENCE:

Rare, found in zone A and B.

C O: E-LNTS :

The known range of S. parvus is late Barremian to Cenomanian.

The species has been reported from Albian-Cenomanian(?) deposits of

southeastern Australia (Cookson and Dettmann,1959 ), late Barremian to

Albian deposits of the Aannville Group in western Canada (S i ngh,1964 ),

and from the Woodbine Formation(Cenomanian) in Oklahoma (Hedlund,1966 ).

AFFINITY:

Gymnos perrae ( ?) . According to Hedlund (1966) , Venkatachala

and Baltes (1962ä,1962b) referred similar pollen to the i7agnoliaceae.

Pollen Type B

Plate 12, Figures 7-9

DESCRIPTION:

Monosulcate pollen; elliptical in equatorial view; furrow

long and very broad(ca. 4.5 -8.5 microns wide), distinct or somewhat

indistinct. Exine 1-2.5 microns thick, trilayered, sexine ca. 2

microns or less thick(ectosexine equals endosexine ), nexine which

is psilate, ca. .5 micron or less thick. Sexine sculpture reticulate,

lumina variable in size, from .5 (2.5 )5.5 microns across, muri ca. .5

micron wide. Columellae arranged at junction of muri. Reticulum

tending to separate from structureless nexine in some specimens.
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SIZE RANGE:

Length: 24. 5 (28 )33.5 microns (25 specimens) .

Width: 16.5 (21)23.5 microns

OCCURRENCE:

Abundant, not restricted to any zone.

AFFINITY:

Possibly related to the Moncotyledons or Cycadales.

Mic roplankton

Genus Baltisphaeridium Eis e nac k,1958

Baltis phaeridium multispinosum S ingh,196L.

Plate 13, Figures 1 -2

Baltisphaeridium multispinosum Singh,1964, Research Council of Alberta,
Bull. 15, p.1411 pl. 20, figs. 1-2.

DESCRIPTION:

Vesicle circular to spherical, thin -walled, densely covered

with thin processes distributed over the entire surface, length of

processes about 1/4 of the vesicle diameter, unbranched, tapering,

and closed at the outer end. Processes ca. 1 micron or less apart.

SIZE RANGE:

Total diameter of species: 36(45)55 microns (25 specimens).

Maximum diameter of vesicle: 2S(33))3 microns

Length of the processes: 5.5-7 microns

Width of the processes : .5 micron or less
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OCCURRENCE:

Abundant, found in zone A.

C 01 ENTS :

Similar specimens, but with slightly longer processes were

reported by Singh (196) from the Middle Albian marine deposits of Alberta.

Baltis phaeridium sp. 1

Plate 13, Figures 3 -4

DESCRIPTION:

Vesicle spherical, thin -walled(ca. .5 micron thick); unbranched,

elongated processes are distributed over the entire surface of the sphere,

processes about 1/1 the vesicle diameter, narrow but broadening slightly

at the base, space between adjacent processes ca. 3 microns.

SIZE RANGE:

Total diameter of species : 4.2(46)53.5 microns (25 specimens).

Maximum diameter of vesicle: 3l(3)L.2 microns

Length of the processes : 6-8 microns

Width of the processes (at base) : .5 micron

-J

Common in z one A, and rare (1 specimen) in z one B.



APPENDE(

During the field work, one stratigraphic section was measured

at Coal Canyon. The measured section given below includes the Dakota

Sandstone and also, for completeness, the overlying Mancos Shale.

The location of the measured section is shown in figure 11. î'ne

strata within this area may be considered to be essentially horizontal.

Detailed Stratigraphic Section

(Coal Canyon approx. T3ON., R13E. (unsurveyed), Coconino County,:jrizona )

Lithologie Description

Top of Coal Canyon.

Mancos Shale

Thickness

7. Sandstone, tan, fine to medium grained. Con-
tains Exogyra sp., and an abundance of Gryphaea
newberryi Stanton; burrows of organisms at
base; locally baked red. .............................6'

6. Alternation of shale and fossil beds; locally
baked red; composed of the following units:

6.6 Shale, drab gray on the weathered surface
and very dark gray when wet; silty and cal-
careous; contains minute molds of unidentified
pelecypods and gastropods . ...........................1'9"

6.5 Shaly, highly f os s iliferous ; Ostren sp.
a bundant .............. .....................s......... 9
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Thickness

6.4 Shale; like No. 6.6 ........................ 5"

6.3 Shale; like No. 6.5 ............................ 2'10"

6.2 Limonitic gypsum bed, brownish; locally present 2"

6.1 Shale, dark gray, weathers to light gray....... 2"

Total thickness of unit 6 6' 1"

Total measured Mancos Shale. ..... ..........................12'1"

Dakota Sandstone(middle carbonaceous member)

Aunconformity separates the middle carbonaceous member
of the Dakota Sandstone from the overlying Mancos Shale.

5. Alternation of beds of coal, shale, claystone,
silty carbonaceous zones; subdivided into the
following units:

5.14 Coal, sub -bituminous, black, friable,
contains sulfur and stringers of gypsum; may
contain fossil wood, "pebbles" of fossil resin
and sandstone dikes throughout study area;
locally baked white.., .............................. 2' 61/2

5.13 Silty carbonaceous zone, grayish; forms
1 edge................ ...................

5.12 Coal, like No. 5.11. . . . . . . . .. . . . . . . . . . . . . . . . . . . 9«

5.11 Silty carbonaceous z one, like No. 5.13........ 1= !r

5.10 Coal, like No. 5.14. .......................... 4' 4"

5.9 Shale, grayish-brown .......................... 1"

5.8 Coal, like No. 5 .14. ........................... l'

5.7 Shale, black...... . .. .. .. .... . . . .. . . . . . . . .

5.6 Coal, like No. 514 9"
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Thickness

5.5 Shale, grayish-brown. .......................... l' r

5.4 Coal, like No. 5.14. 7«

5.3 Clays tone, oinkish -gray, lenticular. . . . . . . . . . . . 2"

5.2 Shale, medium -gray, soft ....................... l ' ll "

5.1 Shale, black. ... ............................... l'

Total thickness of unit 5 ...........................1' 1"

14. Sandstone, tan to dark brown, fine to medium
grained; contains some ripple- laminations and
abundant iron -rich concretions -5 " in

diameter; forms ledge ............................... Li.' 8"

3. The following sub -units of unit 3 show poor
lateral continuity:

3.4 Interbedded sandstone, s ilts tone, and

shale, becoming slightly shaly toward the
top and sandy toward the base; contains some
ripple laminations. ................................. L' 6"

3.3 Shale, medium -gray, silty, calcareous,
carbonaceous, fissile, lenticular ...................

3.2 Sandstone, tan, medium- grained,lenticular......

2"

8"

3.1 Shale, like No. 3.3. Contains carbonized
plant remains (mostly ferns and dicotyledonous
leaves) at many localities .......................... 6"

Total thickness of unit 3 5'10'
2. Alternating coal, shale, and sandstone.

2.14 Coal, sub- bitumnous, black, friable;
contains gypsum. A few fossil logs have
been observed in the various coal seams ............. 2'

2.13 Shale, very dark gray, carbonaceous ........... 2 "



Lithologic Description

2.12 Sandstone, yellowish-gray to buff; fine to

medium grained; contains coal inclusions; forms

ledge ................. .......S..................

' 3

Thickness

10"

2.11 Coal, like No. 214
611

2.10 Shale, black...... 4"

2.9 Coal, like No. 2. 14 ...........................2' 711

2.8 Shale, carbonaceous, black .................... 2"

2.7 Sandstone, gray, badly weathered; contains
coal inclusions; forms ledge. ....................... 711

2.6 Shale, very dark gray ......................... 6"

2.5 Coal, like No. 2.14 ..... ................... 711

2.4 Shaly, carbonaceous zone, black ............... 6"

2.3 Coal, like No. 2.14 ...........................L

2.2 Shale, carbonaceous, black... .................1'

2.1 Gradation zone; silty, shaly, badly weathered.4' 8"

Total thickness of unit 213 ' Sri

Total middle member of Dakota Sandstone. ............ OOOOO ...38'

Dakota Sandstone (basal sandstone member)

1. Sandstone, quartzose, buff, fine -grained,
well-cemented; badly weathered in places 7' 6"

Total basal sandstone member of Dakota ............... 7' 61

Total_ Dakota Sandstone. .... ............................... . 45'6"

Unc onf orrlity. A dis c onf ormity separates the Dakota Sandstone
from the underlying Jurassic, cliff-forming Cow Springs Sandstone.
The firmly cemented quartzose sandstone of the Cow Springs is char-
acterized by high -angle and large -scale cross-beds. At some lo-
calities within this study area, broad, shallow erosional channels
at the base of the Dakota Sandstone cut into the Cow Springs strata.
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PLATES AND PLATE EXPLANATIONS

Representative specimens of the various palynomorph species

recovered from the Upper Cretaceous Dakota Sandstone of Arizona are

illustrated on the following 13 plates .
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PLATE 1

Figure 1. S phagnums porites antiquas porites Wilson and Webster,
2L. microns, p. 29.

Figures 2 -3. jcopodiumsporites sp. 1, 56 microns, p. 30.

Figures 4-5. Appendicisporites cf. ethmos Delcourt and S Drumont,

52 microns, p. 31.

Figure 6. Annendicisporites tricornitatus Weyland and Greifeld,
52 microns, p. 32.

Figures 7-8. Appendicisporites sp. 1, 40 and 53 microns, p. 33.

Figure 9. Appendicisporites sp. 2, L.2 microns, p. 34.
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PLATE 2

Figures 1 -2. Appendicisporites sp. 2, L.2 microns, p. 3h..

Figure 3. Appendicisporites sp. 3, 47 microns, p. 34.

Figures 4 -5. Cicatricosisporites aus traliens is (Cookson) Potonie,
40 microns, p. 351.

Figure 6. Cicatricosisporites crassiterminatus Hedlund,
48 microns, p. 36.
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PLATE 3

Figures 1-2. Cicatric os isporites cf. dorogens is Potonie and Gelletich,
46 microns, o. 37.

Figures 3 -4. Cicatricosisporites sp. 1, 34 microns, p. 37.

Figures 5 -6. Cicatricosisporites sp. 2, 41 microns, p. 38.
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PLATE 14

Figures 1-2. Klukisporites ps eudoret iculatus Couper, 50 microns , p . 39........

Figures 3 -4. Klukisporites verrucosus Pocock, 50 microns, p. 40.

Figure 5. Gleicheniidites apilobatus Brenner, 22 microns, p. 41.

Figure 6. Gleicheniidites senonicus Ross, 24 microns, p. 42.

Figure 7. Gleicheniidites sp. 1, 27 microns, p. 43.

Figure 8. Trilobozonosporites sp. 1, 40 microns, p. 43.

Figures 9 -10. Kuylisporites so. 1, 58 microns, D. 44.
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PLATE 4



PLATE 5

Figures 1-2. Balmeisporites ElenelBensis Cookson and Dettmann,
208 and 182 microns, p. 46 .

Figure 3. Balmeisporites sp. 1, 122 microns, p. 47.

Figures 4-5. Camarozonosporites sp. 1, 38 microns, p. 48.

Figures 6 -7. Camarozonosporites sp. 2, 27 microns, p. 49.
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PLATE 6

Figure 1. Chorriotriletes .s p. 1, 34 microns, p. 49.

Figures 2 -3. Coronatispora sp. 1, 41 microns, p. 50.

Figure 4. Cyathidites minor Couper, 37 microns, p. 51.

Figure 5. Dic tyophyll i dites sp. 1, 43 microns, p. 52.

Figure 6. Foveotriletes s ubtrianularis Brenner, 43 microns , p. 53 .

Figure 7. Laevigatosporites ovatus Wilson and Webster,
40 microns, p. 54.
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PLATE 7

Figure 1. Matoniorites impensus Hedlund, 65 microns, p. 55.

Figures 2-3. Minerisoorites mirabilis (Miner) Potonie, 439 microns,

p. 56.

Figures 4 -5. Perotriletes bursatus Hall, 48 microns, p. 57.
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PLATE 8

Figure 1. Pilos isporites sp. 1, 62 microns, p. 58.

Figures 2 -3. Retitriletes sp. 1, 46 and 48 microns, p. S9.

Figures 4 -5. Taurocusporites segmentatus, 51 microns, p. 60.

Figure 6. Trilobosporites sp. 1, 58 microns, p. 61.
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PLATE 9

Figures 1 -3. Spore Type A, 45 microns, p. 61.

Figure 4. Podocarpidites multesimus (Bolkhovitina) Pocock,
76 microns, p. 62.

Figures 5 -6. Rau ,, ubives iculites woodbinensis Hedlund, ?3 microns , p.63 .

Figure 7. vitre is orites pallidus (Reissinger) Nilsson,
38 microns, p.
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PLATE 10

Figure 1. Circulina n-arva Brenner, 19 microns, p. 65.

Figures 2-3. Taxodiac eaei ollenites sp. 1, 36 and 39 microns, p. 67.

Figures 4-5. Eucommiidites sp. 1, 28x16 microns, p. 67.

Figures 6 -7. Liliacidites cf. variegatus Couper, 23 microns, p. 68.

Figures 8-9. Tricolpites sp. 1, 24 microns, p. 69.

Figures 10 --11. Tricolpites sp. 2, 18 microns, p. 70.

Figures 12-13. Tricolpites sp. 3, 26 microns , p. 70.
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PLATE 11

Figures 1-3. Tricolpites sp. 4, 18.5 microns, p. 71.

Figures 4-6. Pollen Type A, 27 microns and 36x38 microns, p. 72.

Figures 7 -8. Stephanocolpites tectorius Hedlund, 71 microns, p. 72.

Figures 9 -10. Tricol oropollenites sp. 1, 17 microns (polar view) and

20 microns equatorial view , P. 73.
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ATE 12

Figure 1. Tricolporopollen tes sp. 2, 26 microns, p. 74.

Figures 2-3. Sync of orites sp. 1, 20 microns, p. 74.

Figures 4-6. Peromonolites per_oreticulatus Brenner, 20 and 22 microns,

p. 75.

Figures 7-9. Pollen Type B, 25 microns, p. 77.

Figure 10. Schizosporis parvus Cookson and Dettmann, 31x73 microns,
p. 76.
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PLATE 13

Figures 1 -2. multispinosum Singh, 42 microns, p.78.

Figures 3 -4. Baltisphaeridium sp. 1, 53 microns, p. 79.
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