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ABSTRACT

The marine microplankton -‘(dino.flagelléte' and acritarch cyst)
assembl‘éges of late Albian to Campanian (Cretaceous) from thé Ther-
mpolis Shale, Mowry Shale, Frontier Formation, Carlile Shale, Niobrara
Formation, Stéele Shale, Mesaverde Formation, and Cody Shale near |
Rawlin‘s. a~ndA Duboié, Wyoming are recorded, described and illustrated.
The samples were collected from strata Which"'are dated by independent
paleontological evidence. Twenty-five genera containing 45 species-
~are described. The distribution of these species is recorded in the form
of a range chart., The Albian to Campanian strata are divided into three
biostratigraph-ic zones based on the restricted ‘stratigrapﬁic range o-f 15
se‘lécted dinoflagellate cysts. Zone A (Albian) is Characterized by

Palaeohystrichophora sp. 1, Muderongia sp. 1, Spinidinium vestitum,

Deflandrea sp. 1, Ovoidinium ostium, and Cribroperidinium orthoceras.

Zone B (Cenomanian to Coniacian) has one species, Palaechystricho-

phora sp. 2, restricted to it and is best identified by its stratigraphic
relationship to zones A and C. Zone C (Santénian to Campanian) is de-"

fined by the occurrence of three .diagnostic species, Deflandrea echi-

‘noidea, Dinogymnium acuminatum, and Deflandrea acuminata.

vi



INTRODUCTION

The purpose of this thesis is to investigate the occurrences of

marine microplankton (dinoflagellate and acritarch cysts) found in two

measured sections of late Albian to Campanian (Cretaceous) strata ex-

posed in Wyoming with the following objects:

1.

-To record stratigraphic occurrences of the microplankton re-
“covered from the marine strata.
To describe and phofograph the important microplankton and
compare them with others Qf the same age from other areas.
To devélop a biostra;cigraphic zonation based on irreversible

evolutionary changes in the microflora assemblages rather than

- reversible changes brought about by environmental ,(facieé)

changes.
To compare the formation age assignments of Cobban and
Reeside (1952a, 1952b) based on invertebrate fossils against

known ranges of dinoflagellates found in the strata.

TLocation

-Samples from two composite sections were used in this study.

These samples were supplied to me by the EXXON Productioh' and Re~- .

search Company. The Rawlins section outcrop samples were collected

from a composite section located in secs. 12, 13, 14, 15, and 16, T.

22 N., R, 87 W, and secs. 7, 13, 23, 24, T. 22 N.., R. 86 W., Carbon

County, Wyoming (Fig. 1). The section is over 3,400 meters thick. One

r
-
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Figure 1. Location map of Rawlins measured section. Carbon County, Wyoming



hﬁndred and fifteen samples were processed from the Rawlins section,
with 67 samples yielding dinoflagellate éysts . The Horse Creek section
butcrdp sampies Were' collected frdm a composite section from sécs, 1
and 36, T. 42 N., R. 106 W., Fremont Cou.ntyi.,. Wyoming (Fig. 2). VThis '
section is over 1,100 meters thick. Seventy samples were processed,
With 37 safnples containing identifiable dinoflagellate cysts.

Two stratigraphic secti.ons si’guated o{/er 260 km apart were
used in an effort to separate apparent extinctions and apparenf first oc—
A currehces‘ of dinoflagellates caused by feversible' facies changés from |
true extinctions and first occurrencés caused by irreversible evolutionary
changes which can be used for age dating and time correlation. The ap-.
parent evolutionary changes are used to delineate biostfatigraphic zonefs
for t-he study area. This study is limited to marine microflora and no

land-derived pollen or spores were studied.

Methods of Study

-Maceration Procedures
The material used in this thesis was obtained from outcrop

samples collected from two measured sections. A total of 185 samples
was préceséed‘. Some samples had to _be processed more than once be~ .
rc‘au'se of>the paucity or poor preservation of the microflora. The macera-.
| {ion procedure that yielded the best results is the followinglo‘
' 1. The‘sample‘is crushed and approximately 5qg of_the l1-mm size

| cr.ushéd material are placed in an acid-resistant plastic or

-~

Styrofoam cup.
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The sample is covered with cold hydrochloric acid for approxi-
mately 12 hours. The sample is then décanted, centrifuged, |
and washed tWice with distilled water.,

The sample is treated with VSO percent hydrofhioric acid for 24
hours. If possible, stir the solution sévéral times during the
24~hour period. The sample is then centrifuged and the acid
decanted. Hot hydrochlofic acid isl added to the residue to rid
it bf unwanted silica gel. The hot acid treatment is repeated at
least three times,‘ then the éample is washed twicerwith dis-
tillled water. |

The sample is p-laced in a gla'ss test tube and covered with con~

centrated nitric acid and heated gently over an open flame until

‘yellow fumes are given off. After cooling, 10 percent sodium

hydroxide is added and the s‘ample is stirre'd, centrifuged, énd
decanted. Then distilled water is added, and the A:sample is |
again stirred, centrifuged, and decanted. This procedure is
repeated until the liquid is clear. |

SeVe.ral drops of hydrochloric acid are added and the liquid is

stirred, centrifuged, and decanted.

The residue is placed in a zinc bromide solution having a spe-

cifiq gravity of 2.0 and centrifuged af 2000 rpm for 20 minut-e’sq
The residue floating on top of the zinc bromide is decanted i’n-—’
to a clean centrifuge tube, and the material that'sihks to the
bottom of the solution is dis-carded, ‘

Two. drqps of hydrochloric acid are added to the floated residue

and the tube filled with distilled water. The liquid is stirred,



| 6
centrifugéd, decanted, and the residue is washed with distilled
water three tim‘es to remove the zinc bromide.

The residue is washed three times with 98 percent ethyl alcohol
to remove water and ié then placed in a glass storage vial with

a solution of 40 percent ethyl alcohol and 60 percent glycerin.

Single Grain Mount Preparation

From each different species found, at least one specimen was

chosen andipr'eserved on a single grain mount siide and photographed.

Identification was established by reference to published literature. The

following procedure was used. in making the slides, .

10

One or two drops of reéidue, ‘which is in a solution of 40 per-

cent ethyl alcohol and 60 percent glycerin, was placed on a .

glass microslide and spread evenly on the center third of the

slide.
The slide was inspected, using a 10X objective, until a well-

preserved microfossil was located.

The microfossil was then isolated by "teasing" it with a fine

needle held in the jaws of a mechanical pencil. If the needle

tip is rubbed on an oily portion of the skin, the alcohol~

~glycerin solution is repelled away from the microfoséil if the

‘needle tip is placed near it.

The microfossil was lifted off the slide by a needle tip which
has a small piece of glycerin jelly attached to it.
The glycerin jelly with microfossil was placed on a clean micro-

slide and covered with a circular cover glass (size 5/8,



thinness 0O). The slide was placed on a slide w_'cirmer'r and_
colored beeswax (colored to allow contrast between glycerine
‘ jelly and beeswax) was melted around -and under the cover élass
to seal it permanently.
6. A label with sampie number and microfossil name written on it

was attached to the single grain mount slide..

Slide Collection

All illustrated specimens are from single grain mount slides.
All slides are stored at the Department of Geosciences, The University

of Arizona,

Photographic Procedures

| All photographs are of single grain mount material and wére
taken with a Zeiss Standard Universal microscope with an aﬁtomatic
camera attached. -Kodak Panatomic-X (ASA32) very fine grain fihﬁ was
used and developed in Kodak Microdal, a fine-grain film developer. The
'prints were made on AGI—‘A BEH 1 high-contrast (grade 6), single weight
paper. The final figures were made on Kodak Polycontrast A/LW paper.
Many palynomorphs were so nearly transpavrernt that they were ph'o‘to— =
gréphed under phase contrast 'to bring out important features that would

have been otherwise lost,



GENERAL GEOLOGY OF 'TI—IE CRETACEOUS UNITS

The Cretaceous strata examined in this study were deposited
7 during a number of transgressrion's and regressions of an epicontinental
sea that covered a large portion of the western interiér of the United
: S't'ates . The sea extended during maximum transgression froni the' Gulf
~of Mexico to the Arctic Ocean.. T.he seaway received large quantities
of clastic debris during this time from the Mesocordilleran highland.,
The formations studied in thls thes1s were deposited in or ad-
Jacent to the Cretaceous seaway from Alblan to Campaman time. Figure '
-3 shows the time-rock nomenclaure used for the Cretaceous sections at

Rawlins and Horse Creek, Wyoming.

Thermopolis Shale

The Thermopolis Shale was named by Lupton (1916) for expo-
sures near Thermopolis, Wyoming. It overlies the Cloverly Formation
and is overlain by the. Mowr*y‘Shale . The Thermopolis can be divided into
three units: a loWer shale and siltstone5unit';_ a middle sandstone unit,
- referred to as the Muddy Sandstone; and an upper shale unit. Most oilr
geologists restrict the name Thermopolis Shale to the lower shale and 7
-éiltsto’ne unit. The middle unit, the Muddy Sandstone, 'is considered a
distinct unit. The upper shale unit is included in the overlying Mowry
Shale. I have followed Lupton's terminology in this study. In the Raw-
lins measured section, the Thermopolis consists of approximately 60
meters of marine and marginal marine shales, siltstones, and

8
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10
sandstones. In the Horse Creek measured section, more than 150 meters

of the Thermopolis are recorded.

‘Mowry Shale

The Mowry Shale waé _giveri formation rank by Hares (1916)
based on exposures in the Wind River Basin. Hares defined the Mowry
as being underlain by the Therm‘opolis Shale and overlain by the Frontier
Formation. The Mowry_consists of hard, silicedus shale with numerous
interbeds of bentonite . The formation weathers to re sistaﬂt silver-gray
ridges. Overv70 meters aré recorded at the Rawlins section and over 120

meters are present at the Horse Crev‘ek section.

Frontier Formation

The name Frontier Formation was first used by 'Knight (1902) 'foi'
exposures neér’Kemmerer, Wyoming. Cobban and Reeside (1952a) for-
‘malized Knight's work and descfibed an additional measured section at »
Cumberland Gap, located 15 miles south of Frontier, Wyoming. The for-
.ma.tion consists of a .series of interbedded marine and nonmarine sand-
stones,‘sil’cstones, and shales along with minor.'coal seams and
numerous bentonite’ beds. The nonmarine portion of.the Frontier form_af
tion c-ofnsists of clastic sedimen{s derived from the Meéécordilleran
highland that interfinger with the marine siltstones and shales. “The

.Frontier is over 270 meters thick at the Rawlins section and approximate-

ly 229 meters thick at the Horse Creek section, )
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Carlile Shale

The Carlile Shale ;- as originally defined by Rubey (1‘_930)‘for
exposures in the Black Hills of Wybmin'g ahd South Dakofa; consists‘.of
three members, a' lower shale member; a middle member, the Turner
Sandy Member; and the upper mevmber, the Sage Breaks Shale Member,
At the Rawlins section; t’he_ Carlile Shale is equivaleﬁt to only part of
the Carlile Sh_ale; described by Rubey; therefore, most wor]_{ers place:_
Carlile in quotation mafks to indicate the restricted use. of the namé .
At. the Rawlins sve'ction, the Carlilé'overlies the Frontier Formation and
»underlies the Niobrara Formation. The Carlile is 61 meters thick at the

Rawlins section but is not recognized at the Horse Creek section.

Niobrara Formation

The Niobrarar Formation (Meek and Hayden, 1862) overlies the
Carlile Shale and underlies the Steele Shale at the Rawlins section. The
Niobrafa is not recognizeéi at the AHor'se Creek area. At the Rawlins sec-
tion, the Niobrara consists of o’\rzer 480 meters of calcareous and non-

calcareous, dark-gray, marine shales.

Steele Shale-

The Steele Shale (Darton and Siebenthal, 1909) overlies the
Niobrara Formation and underlies the Mesaverde Formation in the Rawlins
section. The Steele Shalg is equivialént to the lower portion of the Pierfe,
Shale. The Steele is over 60 meters thick at the Rawlins section and is
characterized as being a darki—gray shale with thin interbeds of sand-

stone. The formation is not recognized in the Horse Creek section.
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Mesaverde Formation

In the Rawlins sectién, the Mesaverde Formation (Holme.s,‘
1877) overlies the Steele Shale and underlies the Lewis Formation. The
Mésaverde is not.recognized in the Horse Creek section. At the Rawlins
section, the format'ion is characterized by white, ':Eriabl'e, porous, r'nas—
sive to crossbedded, medium- to coarse-grained sandstones ihte‘rbedded
wi’ch gray to blackl shales , gray siltstonesr, brown carbonaceous shale,
ahd thin coai_ seams. The Meséﬁrerde. Formafi.on at the Rawlins section
_is ovér 1,333 meters thick. | The upper half of the formation is largely

nonmarine .

Cody Shale

The name Cody Shale (Lupton, 1916) i's.ﬁ-sedv to include strata
abo-ve the Frontier Formation and below the Mesaverde Formation where
the Niobrara Formation cannot be clearly distinguished. Cody Shale is
_not recognized af the Rawlins section because of the presencé of the
Niobrara Formation. In the Horse Creek section, .vthe Cody Shale over-
lies the Frontier Formation and consists ofrapprokimately 900 meters of
défk—gnray marine shales and n'timeroﬁs interbedded sandstones. Tﬁe
formation is poorly exposed at the Horse Creek séction and only the

lowest 250 meters could be sampled.



BIOSTRATIGRAPHY

The biostratigraphic zonatio_n developed in this study is based
on only qualitative analysis of the samples. The ‘paucity of microplank-
ton in almost all samples processed made_.quantitative work with t_he
material infeasible. The stratigraphic ranges of all »des'cribed palyndf |
morphs from the Rawlins ahd Horse Creek sections were plotted (Fig. 4,
in pocket), and a biostratigréphic zonation was eétablished'based on
the combined stratigraphic rangés of seiected taxa from the two reference
- sections. The biostratigraphic zones ahd their correlation with the Cre-
taceous- stages are shown in Figuré 5.

Age determinations for the formations acrcording to Cobban énd
- Reeside's (1952b) invertebrate zones were used as a base; The age de-
terminations were then slightly modified, based on dinoflagellate evi-
dence from my'study. The lowermost portion of the Frontier Fbrmation is
.considered of Albian, not -Cenomanian,v age. Also the Coniacian—
Santonian boundary has been adjusted so that now the Niobrara Forma-
tion is entirely Santonian except for the basal 46 méters .

A total of 45 'palynomorphs were id.entified, photographed, and '
described from the two re»ference sections. The ranges of most of these
palynomorphs are too long to be useful for correlation in this study. But
. based on 15 dinoflagellate species that appear to be restricted in their
s-tratigraphic r’énge . the Albian to Campanian‘strata have been divided

into three zones.

13



SPECIES STAGE

Palaeohystrichophora  sp.
Muderongia sp.l

Spinidinium vestitum
Def/andrea sp.l

Ovoidinium ostium
Cribroperidinium orthoceras
Pa/aeohystrichophora sp. 2
Spiniferites ramosus van multibrevis
Australieiia co oksoni
Palaeohystrichophora infusorioides
Australia //a victoriensis
Australiella  spec tabHis
Defiandrea echinoidea
Dinogymnium  acuminatum

Def/andrea acuminata

ALBIAN

Figure 5. Microplankton biostratigraphic zonation

CENOMANIAN

TURONIAN

CONIACIAN

SANTONIAN

CAMPANIAN
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Zone A
Zone A is characterized by the occurrence of six species:

Palaeohystrichophora sp. 1

Muderongia sp .1

Spinidinium vestitum

Deflandrea sp. 1

Ovoidinium ostium"

Cribroperidinium orthoceras

The top of the zone is defined as being immediately below the first ap-

pearance _bf Palaeohystrichophora sp. 2. The upper limit of the zone

coincides with the top of the Albian stage.; Zone A includes the Ther-
mopolis Shale » Mowry Shale, and the lowest portion of the Frontier For-
matl;on° Cobban and Reeside (1952Db) include all of the Frontier Formation
in the Cenomanian, but based on the occurrence of the dinoflagellates |

Spinidinium vestitum and Ovoidinium ostium, which are restricted to the

Albian, an Albian age seems more appropriate.

Zone B

Only one morpﬁolog-ically distinctive species, Palaeostricho-
pora sp. 2, is restricted .to Zone B. This species together with five
~other distinctive spebies that occur with regularity within this zone are
" listed below: |

Palaeohystrichophora sp. 2

Spiniferites ramosus var. multibrevis

Australiella cooksoni

Palaeohystrichophora infusorioides
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Australiella victoriensis

Auétraliella spectabilis.

The top of Zone B is defined as being immediafely below the first oc~

currence of Deflandrea echinoidea, Dinogymnium acuminatum, and

Deflandrea acuminata. Zone B is difficult to recognize because of the

absence of restricted microplankton and is best identified by its strati-
graphic relationship to Zones A and C. This zone includes the Frontier -
Formation, except its lowermost portion, the Carlile Shale, and the
lowermost portion of the N‘iobrara Formation. Cobban and Reeside
(1952b) assigned Genémanian to Coniacian ages to these units based _
on invertebraté fossil evidence. Dinoflagellates found in these units

‘corroborate but do not refine the age assignments.

Zone C
Zone C is the uppermost zone and has its base defined by the

first occurrence . of the three morphologically distinctive species:

o Deflandrea echinoidea

Dinogymnium acuminatum

'Deflandrea acuminata.

The top of this zone is not defined in this study because it extends into
‘late Campénian strata.which are not in the study's scope. Zone C in-
cludes the Niobrara Formation, except its lowermost portion, the Steele
" Shale, the Mesaverde Formation in part, and the Cody Shale in part.
Cobban énd Reeside (1952b) assigned nearly all of the Niobrara Forma-
tion a Coniacian age except fqr the uppermost portion, which- was as-

signed a Santonian age. The Steele Shale, Mesaverde Formation in part,
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and the Cody Shale in part were assigned a Campanian age. The occur—-

rence of three dinoflagellate species} which appear to be restricted

worldwide to Santonian and younger strata, Deflandrea echinoidea,

-Dinogymnium acuminatum, and Deflandrea acuminata, in most of the

Niobrara Formation strongly suggests a Santonian age for all but the
lowermost portion of the Niobrara Formation. Marine palynomorphs found
in the Steele Shale, Mesaverde Formation, and Cody Shale corroborate

previous age. assignments of Cobban arici Reeside (1952b).



"CONCLUSIONS

The stratigfaphic occurrences of marine michplankton (dino-
flacjellate and acritarch cysts) from late Albian to Campanian strata have.
been recorded énd described. All described species h’ave‘been illus~
trated. |

The microplankton assemblages from the strata consist <V>f‘25 |
genera containing 45 species. The strata are divided info three biostrat-
graphic zones based on the restricted occurrences of 15 diagnostic dino-
flagéllate species,

With two exdeptions, formétion age vdefefminations based on
dinoflagellates agree with those based on invertebrate fossils., The
lowest portion b.f the Pront‘ie.r Formation is considered late Albian',v not
early Ceno‘manian,- and all but the lowermost portion of the Niobrara
formation‘ is considered Santonian, not Coniacian.

Marine microplankton are usefui and worthwhile in the deter-
min'ati"on of the zonation and age of Cretaéeous strata in the study area,
but before a precise biostratigraphic zonation can be developed a large
number. of stratigraphic sections must be studied to gather more data on

. the rénges of the taxa discussed in this study.

18
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Class Dinophyceae Pascher
Subclass Dinoferophycidae Bergh
Order Peridiniales Schttt 1869

Family Gonyaulacystaceae Sarjeant and Downie 1966,
emend. Sarjeant and Downie 1974
Type Genus Gonyalacysta Deflandre 1964, emend. Sarjeant 1906

Genus Cribroperidinium Neale and Sarjeant 1962, emend. Davey 1969
Cribroperidinium orthoceras (Eisenack) Davey 1969
Fig. 6, nos. 1,2

Selected Synonymy

1958 Gonyaulax ofthoceras Eisenack, p. 388 Pl. 21, figs. 3~11,
: Pl. 24, fig. 1. :
1959 Gonyaulax orthoceras Elsenack Gocht p. 54, Pl 5, figs.
12-13.
1961 Gonvyaulax orthoceras Eisenack; Alberti, p. 6, P1. 11, figs. 1-3.
1967 Gonvaulax orthoceras Eisenack; Vozzhennikova, p. 86, Pl. 28,
. figs. 1-3.
1969 Cribroperidinium orthoceras (Eisenack); Davey, p. 138,
1971 Cribroperidinium orthoceras (Eisenack) Davey; Brideaux, p. 84,
Pl. 24, fig. 48.
1972  Gonvaulacysta orthoceras Eisenack; Benedek, p. 18, P1. 1,
fig. 3.

Description. Dinoflagel\lat'e cyst, ellipsoidal in Qutl-ine; epi-
tract possesses a long, well-developed apical horn; hypotractA rounded
lwithout antapical horns; cinguium narrow, well defined by prominent
ridges; plate boundaries defined by low narrow ridges; cyst wall thick,
_ grahular, .and easily fracture.

Dimensions. Length of 5 measured specimens, 130-150 u;
width, 85-110 pu,

'Occurrence. This species rahge_s from late Albian terarly'

Cenomanian in the study area.



Figure 6. Peridiniales: Gonyaulacystaceae, Apteodlmaceae,
Canningiaceae, Broomeaceae Splnlferltaceae.

1,2.

10.
11.

12.

Cribroperidinium orthoceras (Eisénack) Davey: 1, side view;

2, top view. X500.

Gonvaulacysta sp.: side view. X500,

Spinidinium vestitum Brideaux: side view. X450,

Canningia colliveri Cookson and Eisenack: 1, side view

in phase contrast; 2, side view. X500.

Broomea sp.: 1, side view in phase contrast; 2, side view.

X500,

Spiniferites ramosus var. ramosus (Davey and Williams)

Sarjeant. X550.

Spiniferites ramosus var. gracilis (Davey and Wllllams)

- Lentin and Williams. X450,

Spiniferites ramosus var. multibrevis (Davey and Williams)

Davey and Verdier. Phase contrast. X550.

Splmferltes cf., varmae Lentm and Williams. Phase con-

trast. X600.



Figure 6. Peridiniales: Gonyaulacystaceae z Apteodiniaceae z
Canningiaceae, Broomeaceae, Spiniferitaceae
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Genus Gonvaulacysta Deflandre 1964,
emend. Sarjeant 1966

Gonvaulacysta sp.
Fig. 6, no. 3

Description. Dinbflagellaté cyst, ellipsoidal in outline; epi-
tract possesses short apical horn; hypotract rounded without antapical
horﬁs; cingulum narrow, Weli defined by low ridges; capsulé ellipsoidal,
'in close contact with outer wall; plate boundaries are defined by low
ridges; c-yst. wall finely scrabate. “

Dimensions. Length of 3 measured specimens, 70-81 u; width,
78-84 p |

Occurrence. This species was found only in strata O£ Albian

age in the study area.
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Family Apteodiniaceae Eisenack 1961,
emend. Sarjeant and Downie 1974
Type Genus Apteodinium Eisenack 1958

Genus Spinidinium Cookson and Eisenack 1958
Spinidinium vestitum Brideaux 1971
Fig. 6, no. 4

Selected Synonymy

1971 Spinidinium vestitum Brideaux, pp. 99-101, P1. 29, figs. 99-103.
1971 Deflandrea limpida Singh, pp. 359-360, Pl. 61, figs. 1-12,

Description. Dinoflagellate cyst with elongate pentagonal out—
v.line; epitract has conelike apical horn which tapers to a blunt 'poirnt;'
hypotract has two unequal apical horns; cingulum Wide , hearly circular,
well defined by ridges lined with short spines; archeopyle intercalary;
-cyst wall thick and granular.

| Dimensions . Length of 5 measured specimens, 55-74 u;- width,
34-52 p. |
Occurrence. Species found in samples of Albian to earliest

-Cenomanian age in study area.
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Pamlly Canningiaceae Sarjeant and Downie 1966,
emend. Sarjeant and Downie 1974
Type Genus Canningia Cookson and Eisenack 1960b

Genus Canningia Cookson and Eisenack 1960b
Canningia colliveri Cookson and Eisenack 1960b
Fig. 6, nos. 5,6

' Selec_ted- Synonymy

1960b Canningia colliveri Cookson and Eisenack, p. 251, Pl 38,
figs. 3,4.

1967 GCanningia colliveri Cookson and Eisenack; Clarke and Verdier,
p. 20, P1. 1, figs. 3,4.

1971 Canningia colliveri Cooks-on and Eisenack; Davey and Verdier, -
p. 13.

1971 Canningia colliveri Cookson and Eisenack; Singh, p. 323, Pl.
50, figs. 2,3.

Degcription. Din'oflagellate cyst, subcircular in ouiline; epi-
tract possesses apical horn which tapers distally to a blunt'p‘oint; hypo-
tract has two unequal antapical horns; faint suggestion of a cingulum;
archaeopyle apical; cyst wall thick with pseudo-reticulate scuipture.

- Dimensions. Length of 4 measured specimens 82-90 u; width,
60-71 p. |
| Occurrence. This snecies ranges from Albian to earliest Coni-

acian age in the study area.
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Family Broomeaceae Eisenack 1969,1_ emend.
Sarjeant and Downie 1974
Type Genus Broomea Cookson and Eisenack 1958
Genus Broomea Cookson and Eisenack 1958
Broomea sp.
Fig. 6, nos. 7,8
Description. Dinoflagellate cyst, elongate ellipsoidal in out-
line; epitract has one long apical horn, usually broken off; hypotract
has two antapical horns, both horns are near being in direct axial con-
tinuation of the cyst; faint -suggestion of a cingulum on several speci~-
mens.
Dimensions. Length of 5 measured specimens, 126-132 u;
width, 40-44 n.
Occurrence. This species was found in Albian strata from the

Rawlins section, not found inthe Horse Creek section.
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Famlly Spiniferitaceae Sarjeant 1970, emend.
Sarjeant and Downie 1974
Type Genus Spiniferites Mantell 1850, emend. Sarjeant 1970

Genus Spiniferites Mantell 1850, emend. Sarjeant 1970
Spiniferites ramosus var. ramosus (Davey and Williams) Sarjeant 1970
Fig. 6, no. 9

Selected Synonymy

1955 Hystrichosphaera ramosa (Ehrenberg) Wetzel; Deflandre and
Cookson, p. 263, Pl. 2, fig. 1; P1. 5, fig. 8; Pl. 6, fig. 1,-

1966  Hystrichosphaera ramosa (Ehrenberg) Wetzel; emend. Davey and
Williams, pp. 29-38, Pl. 1, figs. 1-6; P1. 3, fig. 1; Pl. 4,
6, 8,9, 12; Pl. 5, fig. 6; text-figs. 8, 9.

1969 Hystrichosphaera ramosa var. rambsa (Ehrenberg) Wetzel Davey,

’ p. 172, P1. 10, figs. 1,2,5.

1970  Spiniferites ramosus (Ehrenberg) Mantell; Sarjeant, p. 73.

1971 Spiniferites ramosus (Ehrenberg) Mantell; Davey and Verdier,
p. 33, Pl. 4, figs. 1-3; P1. 7, fig. 5. .

1971 = Hystrichosphaera ramosa var. ramosa Davey and W1111ams,
Cookson and Eisenack, p. 219, P1. 8, figs. 1,2,.

1973 Spiniferites ramosus var. ramosus (Davey and Williams) Sarjeant;
Harland, p. 689, Pl. 87, fig. 7.

1974 Spiniferites ramosus var. ramosus (Davey and Williams); Cook-
son and Eisenack, p. 56, Pl. 21, fig. 1. :

Description. Chorate dinoflagellate cyst, subspherical in out-
-li‘ne; central body po‘ssesses gonal processes; processes are narrow,
‘so'lid, and trifurcate at distal ends; processes joined at base by low
sutural ridge; cingulum 1evorotary.; centrall body thin walled with smooth
surface . | |

Dimensions. Diameter of 4 measured specimens, 64-70 H;
eentral body diameter, 42-49 .
| Occurrence. This Speeies ranges in age from Cenomanian to

Campanian in the study area.
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Spiniferites ramosus (Ehrenberg) var. gracilis (Davey and
Williams) Lentin and Williams 1973
Fig. 6, no. 10 ‘

Selected Synonymy

1966 = Hystrichosphaera ramosa (Ehrenberg) var. gracilis Davey and
Williams, p. 34, P. 1, fig. 5; Pl. 5, fig. 6. '

1969 Hystrichosphaera ramosa (Ehrenberg) var. gracilis Davey and
Williams; Davey, p. 172.

1971 Hystrichosphaera ramosa (Ehrenberg) var. gracilis Davey and

: Williams; Singh, pp. 350-351, Pl. 58, fig. 6,

1973  Spiniferites ramosus (Ehrenberg) var. gracilis (Davey and
Williams) Lentin and Williams, p. 130.

1974  Spiniferites ramosus (Ehrenberg) var. gracilis (Davey and
Williams) Lentin and Williams; Cookson and Eisenack, p. 57,
Pl. 26, fig. 14.

.Deséription. Chorate‘dinoflagellate cyst-, subspherical 'outliné;
central body possesses gonal and sutural processes; processes are nar-
row, solid, and trifurcate at distal eﬁd; processes joined at bése by
low sutural ridge; cingulum levorotary; central body thin walled with
smooth surface.

Dimensions. Diameter of 3 measured specimens, 61-66 Mi
central body'd‘iameter,- .35—40 M.

Ocvcurrence .. This species was found in samples of létest
Coniacian to Campanian age from the Rawlins section; not found in the

Horse Creek section.
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Spiniferites ramosus (Ehrenberg) var. multibrevis :
(Davey and Williams) Davey and Verdier 1971
Fig. 6, no. 11

Selected Synonymy

1966  Hystrichosphaera ramosa (Ehrenberg) var. multibrevis Davey and
' Williams, p. 35, Pl. 1, fig. 4; Pl. 4, {fig. 6.
1968 Hystrichosphaera ramosa (Ehrenberg) var. multibrevis Davey and
Williams; Davey, p. 173, Pl. 10, figs. 3, 4,
1971 Hystrichosphaera ramosa (Ehrenberg) var. mult1brev1s Davey and
, Williams; Singh, pp. 351-352, P1. 58, figs. 7,8. ,
1971 Spiniferites ramosus (Ehrenberg) var. multibrevis (Davey and
Williams) Davey and Verdier, p. 33.
1973  Spiniferites ramosus (Ehrenberg) var. multibrevis (Davey and
Williams) Davey and Verdier; Lentin and Williams, p. 130,
1974  Spiniferites ramosus (Ehrenberg) var. multibrevis (Davey and
Wil_liams) Davey and Verdier; Cookson and Eisenack, p. 56,
Pl1. 21, fig. 7.

Description. Chorate dinoflagellate cyst, spherical to sub-
spherical in outline; central body possesses numerous solid, short-,
gonal and sutural processes; processes trifurcate at distal end; central
body thin walled with smooth surface.,

Dimension. Diameter Qf 5 meaeured specimens, 70-76 p;
center body diameter, 45-52 u. }
| QOccurrence. This species occursﬁin eamples of CenoAmanian

to Campanian age in the study area.
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§piniferites cf. varmae Lentin and Williams 1973
» ~Fig. 6, no. 12

- Selected Synonymy

1966

1970

1973
1974

Hystrichosphaera buccina Davey and Williams, pp. 42-43,

Pl. 4, fig. 1.
Spiniferites buccinus (Davey and Williams) Sarjeant, p. 75.

Spiniferites varmae Lentin and Williams, p..131.

Spiniferites buccinus (Davey and Williams) Sarjeant; Cookson

and Eisenack, p. 58, Pl. 21, fig. 3.

Description. Chorate dinoflagellate cyst; subspherical central

body, bearing broad gonal processes; processes flare at distal end into

three or more secae which are patulate; numerous processes are fenes-

trate; central body thick walled with granular surface.

Dimensions. Diameter of 1 measured specimen, 88 u; central

body width (short axis), 47 pn.

QOccurrence. One specimen found in the Niobrara Formation

(Coniacian) from the Rawlins section; not found in the Horse Creek

section.
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Family Deflandreaceae Eisenack 1954, e’mend,k
Sarjeant and Downie 1974
- Type Genus Deflandrea Eisenack 1938

Genus Deflandrea Eisenack 1938
Deflandrea acuminata Cookson and Eisenack 1958
Fig. 7, no. 1

Selected Synonymy

1958 Deflandrea acuminata Cookson-and Eisenack, p. 27, Pl. 4
, figs. 5-7. ,
1960 Deflandrea acuminata Gookson and Eisenack; Douglas, pp. 19-
v 20, P1.4, figs. 21la-21b. :

1964 . Deflandrea acuminata Cookson and Eisenack; Manum and Cook~-
son, pp. 7-8, P1. 1, fig. 4.

1967 Deflandrea acuminata Cookson and Eisenack; Clarke and Verdier,
p. 25, P1. 2, figs. 11, 12, :

1971 Deflandrea acuminata Gookson and Eisenack; Burgess, p., 133,

. Pl. 1, figs. 6,7. , .

1973 Deflandrea acuminata Cookson and Elsenack Felix and Bur-
bridge, p. 22, Pl. 4, fig, 1.

1974 Deflandrea acuminata Cookson and Eisenack; MciIntyre, P1. 1,
fig. 15, : ' :

Descrip’c’i‘on'° Cavéte dinoflagellate cyst; elongate pentagonal
in outline; epitract conelike, with blunt apical horn; hypotract has two
unequal antapical horns, the longer tapers to a fiﬁe point; . cingulum in-
distinct, shallow, broad, defined by two low ridges; capsule spherical,
filling most of cyst except for the apical and antapical horns; cyst wall
" thin and finely granular,

Dimensions. Length of 5 measured specimens, 94-97 u;
width, 64-68 n. |
| Occurrehc‘e. This species ranges in age from earliest Santonian |

through Campanian in the~study area.



Figure 7. -Peridiniales: Deflandreaceae

1.

Deflandrea acuminata Cookson and Eisenack. Phase contrast.
X550,

2. Deflandrea denticulata Alberti, X450,

3.

11,

Deflandrea echinoidea Cookson and Eisenack. Phase con-
trast. X550, : ’ :

. Deflandrea macrocvysta Cookson and Eisenack. Phase. con-

frast. X600,

. Australiella cooksoni (Alberti) Vozzhennikova. Phase con-

trast. X500.
Deflandrea sp. 1. Phase contrast. X550.

Australiella cooksoni (Alberti) Vozzhennikova. Phase con-
trast. X650, :

Deflandrea sp. 2. X450,

Deflandrea sp. 3. Phase contrast. X500,

. Australiella spectabilis (Alberti) Lentin and Williams.,

Phase contrast. X500.

Astrocysta cretacea (Pocock) Davey. X500.




Figure 7.

Peridiniales:

Deflandreaceae
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Deflandrea denticulata Alberti 1959
Fig. 7, no. 2

Selected Synonymy

1959  Deflandrea denticulata Alberti, pp. 102-103, _
1966 Deflandrea denticulata Alberti; Davey and Williams, p. 232,

Description. GCavate dinoflagellate cyst; fusiform outline with
expanded mid—area; epitract cone shaped, with long, tapering apical
.horn; hypotract possesses two long, narrow antapical hdrns,' cingulu‘r'h _
well defined by two low ridges; archeopyle not observed; cyst wall
thick and wrinkled. |

- Dimensions. Length of 1 measured specimen 180 p; width,
107 p.
Occurrence. One specimen found in the Steele Shsle (Cam-

panian) from the Rawlins section; not found in the Horse Creek section.



33

‘Deflandrea echinoidea Cookson and Elsenack 1960a
Fig. 7, no. 3

Selected Synonymy

1960a Deflahdrea echinoidea Cooks.on' and Eisenack, p. 2, P1. 1,
figs. 5, 6.

1967 Deflandrea echinoidea Cookson and Eisenack; Clarke and Ver-
dier, p. 26, Pl. 3, figs. 4, 5.

1969 Deflandrea ci. ech1n01dea Cookson and Eisenack; Cookson and

. Eisenack, p. 5, P1. 1, fig. 6. :

1970 Deflandrea echinoidea Cookson and Eisenack; Davey, p. 339
P1. 1, fig. 5.

1973 Deflandrea echinoidea Cookson and Eisenack; Harland, p. 694,
Pl. 87, fig., 10. . : :

Description. -Dinoflagellate cyst, subpentagonal in outline:
epitract cone shaped with blunt apiaal horn.; hypotract rounded with two |
unequal antapical horns, one horn is greatly reduced; cingulum broad,
delimited by two low—spihed ridges; plate boundaries indistinCt, demar-
ca.ted- by low spine-covered ridges; cyst wall covered with short spines.

Dimensions. Length of 5 measured specimens, 52-57 p; width,
35-40 p.

Occurrence. This species occurs in samples of Coniacian to

Campanian age from the study area.
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Deflandrea macrocysta Cookson and Eisenack 1960a
Fig. 7, no. 4

Selected Synonymy

-1960a Deflandrea macrocysta Cookson and Eisenack, p. 3, Pl 1,

: figs. 7,8.

1973 Deflandrea macrocysta Cookson and Eisenack: Harland p. 695,
P1. 87, fig. 14. .

De'scrigtion . Cavate dinoflagellate cyet elongate in outline;
epitract rounded except for apical horn; apical horn tapers to a broad,
round point; hypotract is rounded except for two unequal antapical
horns; cingulum indistinct, broad and shallow; capsule elongate, fill-
" ing entire cyst except for apical and antapical horns; archeopyle not
observed; cyst wall thick and gfanular,

Dimensions. Length of 2 measured specimens , 75-79 1;
width, 44-46 u.

Occurrence. Species found in one sample from Mesaverde

Formation (Campanian) in the Rawlins section.
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Deflandrea sp. 1
Fig. 7, no. 6

Description. Dinoflagellate cyst, subpentagonal in outline;
epitract cone shaped with short, blunt aplcal horn; hypotract rounded
with two short antapical horns; cmgulum broad, well defmed by two
spine-covered ridges; archaeopyle polygonal when present; periphragm
densely covered with short spines.

: Dimensions. Length of S measured specimens, 45-50 u;
width, 80-86 pu. |

Occurrence. This species occurs only in the Mowry Shale
(Albian) in both the Rawlins and Horse Creek sections. This distinctive
species may be an éxcellent indicator for the Mowry Shale in the study

area.
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D_eflandrea sp. 2
Fig. 7, no. 8

Description. Cavate dinoflagellate cyst; elongate—pentagona‘l
outlinevwit‘h expanded mid-area; epitract larger than hypotract; epitract
- bell shaped, has apical horn which tapers to a broad, rounded point; ;
hypotract bell shaped, possesses two unequal antapical horns; cingulum
well defined by two broad ridges; capsule ovoidal in outline, in close
contact.with periphragm except in the apical anci antapical horns; cyst
wall thick and rugulate.

~Dimensions. Length of 1 measured specimen, 160 u; width,

84 u. |

Occurrence. This species oécurred in one sa_mple from the
Steele Shale (Campanian) in the Rawlins section; not fou'nd in the Horse’

Creek section.
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Deflandrea sp. 3
Fig. 7, no. 9

: Descriptioh, Dinoflagellate cyst_;_ pentagonal in outline; epi-
tract shoulderless with a long tapered apical horn; hypotract hs two |
long, unequal antapical horns; apical and antapical horns taper to longi,
narrow tips; cingulum broad, demarcated byllow ridges; plate boun- |
daries faintly suggested; cyst wall thin, granular, and wrinkled.

Dimenlsions. Léngth of 2 measured specimens, 118-120 u; _
width, 60-64 M.

Occurrenée. Species found in one sample from the Mesévefde
Formation (Campanian) in the Rawlins section; not found in the Horse

Creek section.
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- Genus Astrocysta Davey 1970
Astrocysta cretacea (Pocock) Davey 1970
Fig 7, no. 11

Selected Synonymy

1962 Palaeoperidinium cretaceum Pocock, p. 80, Pl. 14, figs.
219-221.

1970  Astrocysta cretacea (Pocock) Davey, p. 359, Pl. 2, fig. 4.

1971  ?Lejeunia cretacea (Pocock) Brideaux, p. 86.

1973  Astrocysta cretacea (Pocock) Davey; Lentin and Williams, p. 17.

1974  Astrocysta cretacea (Pocock) Davey; Davey and Verdier, P. 93, 7
fig. 4. R :

Description. Dinoflagellate cyst, pentagonal outline; epitract
| has conelike apical horn with blunt top; hypotract pdssessesftwo aht—
apical horns of unequal length; cingulum indistinct, defirzed by two low
' ridges; éyst wall thin and finely scabrate..
' Dimensions. Length of 4 measured specimens, 70-74 u;
width, 83-85 n.
QOccurrence. This species ranges in age from Albian to latest

¥

Coniacian in the study area.
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Genus Australiella Vozzhennikova 1967
Australiella cooksoni (Alberti) Vozzhennikova 1967
Fig 7, nos. 5, 7

Selected Synonymy

1959 = Deflandrea cooksoni Alberti, p. 97, P. 9, figs. 1-6.
1964 Deflandrea cf. D. cooksoni Alberti; Manum and Cookson, p. 8,
- Pl. 1, figs. 2, 3.

1967 Deflandrea cf. D. cooksoni Alberti; Clarke and Verdier, p. 25,
P1, 3, figs. 1-3.

1967 Deflandrea cooksonae Alberti; Drugg, p. 16, P1. 2, fig. 2.

1967  Australiella cooksoni (Alberti) Vozzhennikova, p. 132,

1973 Deflandrea cooksoni Alberti; Kjellstrém, p. 18, fig. 13.

1973 Deflandrea cooksoni -Alberti; Stone, p. 52, Pl. 3, figs. 12, 13.

1973  Australiella cooksoniae (Alberti) Vozzhennikova; Lentin and
Williams, p. 18,

1974  Deflandrea cf. D. cooksonii Alberti; McIntyre, P1, 1, fig. 16.

- Description. Cavate dinoflagellate cyst; dorsoventral outline
fusiform with expandéd mid-area; c.ingulum or _sulcus rarely developed;
epitract sometimes narrows to form shoﬁlders; ﬁypotract has two ant-
apical‘horns of unequal length; one horn is. sometimes .absent; no tabu-
lation observed; archeopyle intercalary; cyst wall thick and granular.

Dimensions. Length.of 7 measured specirhens, 70-90 u;
“width, 37-55 p.
Remarks. There is a great deal of morphologic Variation in
- this species.
Occurrence. This species is abundant in samples of latest

Cenomanian to Coniacian age in the study area.
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Australiella spectabilis (Alberti) Lentin and Williams 1973
Fig.7,rno. 10 '

- Selected Synonymy

1959  Deflandrea spectabilis Alberti, p. 99, P1. 9, figs. 7, 8.
1973  Australiella spectabilis (Alberti) Lentin and Williams, p. 18.
1973 Deflandrea spectabilis Alberti; Harland, p. 693, P1. 87, figs.
9, 15.
1974  Deflandrea gpectabilis Alberti; MclIntyre, P1. 1, figs. 8, 9, 13,
‘ 14, : o

Description'. Cavate dinoflégellate cyst with an elbngate oval
outline; epitract rounded exéept for short apical horn; hypotract square
.With one short antapical horn; cingulum broad, rdefined by two low
ridges; archeopyle intercalary; capsule oval, separated from periphragm;
éyst wall thin, smooth, and wrinkled.

Dimensioﬁs. Length of 5 measured specimens, 82-89 u;
width, 52-60 u.

Occurrence. This species occuré in strata of Turonian to Cam-

panian age in the study area.
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Australiella verrucosa (Manum) Lentin and Williams 1973
Fig. 8, no. 1

Selected Synonymy

1963 Deflandrea verrucosa Manum, p. 60,’ P1. 3, figs. 1-4,

1973 Deflandrea cf. D. verrucosa Manum; Stone, p. 53, Pl. 4,
fig. 16.

1973  Australiella verrucosa (Manum) Lentin and Williams, p. 18.

Description. Cavate dinoflagellate cyst; subrectangular out-
line with expanded mid—areé;. epitract bell shaped with cohelike api'c_él
horn; hypotract hras two unequal‘antapical horns, one horn is greatly
reduced; cingulum broad, delimited by two intermittent ridges; pla_te
boundaries are indistinctly outlined by numerous short spines; archeo-
pvle intercalary; cyst wall thick and granular.

‘ 'Diménsions. Length of 3 measured sp.ecimer.ls, 97-10S p;
width, 62-72 n.
Occurrence. This species occurs in strata of latest Coniacian

to Campanian age in the study area.



Figure 8. Peridiniales: Deflandreaceae, Hexagoniferaceae,
Endoscriniaceae, Pseudocerateaceae, Muderongiaceae

1.

2.

3-5.

10.
11.

Australiella verrucosa (Manum) Lentin and Williams. X450,

Australiella victoriensis (Cookson and Manum) Lentin and
Williams. X450.

Ovoidinium ostium Davey: 3, apical horn attached; 4,
apical horn lost, in phase contrast; 5, apical horn
lost., X550,

Palaeohystrichophora sp. 1. Phase contrast., X650.

Palacohvstrichophora infusorioides Deflandre Phase con-
trast. X1000, :

Muderongjla sp. 1. Phase contrast. X500.

Odontochitina operculata (Wetzel) Deﬂandre and Cookson.
Phase contrast. X350,

Muderongia sp. 2. Phase contrast. XSSO°

Palaeohystrichophora sp. 2. Phase contrast. X650,



Figure 8. Peridiniales: Deflandreaceae, Hexagoniferaceae,
Endosciniaceae , Pseudocerateaceae, Muderongiaceae
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Australiella victoriensis (Cookson and Manum) Lentin and Williams 1973
Fig. 8, no. 2 ' '

Selected Synbnme

1964 anflandrea v1ctoriensis Cookson and Manum, p. 522, Pl. 76,
igs. 3-8. :

1967 - Deflandrea victoriensis Cookson and Manumni; Glarke and Verdier,
p. 26, P1, 3, figs. 8, 9.

1973 Australiella victoriensis (Cookson and Manum) Lentin and Wil-
liams, p. 19.

1974 Deflandrea cf. D. victoriensis Cookson and Manum; McIntyre,
Pl. 2, fig. 14; Pl. 3, fig. 1. : '

Description. Cavate dinoflagellate cyst; epitract bell shaped
with Weil—developed shoulders; apical horn short, rounded, and roughly
triahgﬁlar; hypotract has two unequél antapical horns, one horn is tri-
angﬁlaf, tapers to'a short point, other antapical horn greatly reduced;
cingulum is demarcated by two intermittent ridges; capsule is flattened
oval in outlihe, filling cyét except near the apical and anta,pical horns;

4 cyst wall thick ahd scabrate. )
- Dimensions. Length of 5 measured specimens, 105-109 p;
width, 60-65 .
QOccurrence. This species ranges in age frém Turonian to Cam-

panian in the study area.
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Family Endoscriniaceae Vozzhennikova 1965, emend.
Sarjeant and Downie 1974
Type Genus Endoscrinium Klement 1960, emend. Vozzhennikova 1965

Genus Palaeohvystrichophora Deflandre 1934, emend
Deflandre and Cookson 1955
Palaeohvystrichophora infusorioides Deflandre 1934
Fig. 8, no. 7

Selected Synonymy

1934 Palaeohystrichophora infusorioides Deflandre, p. 967, fig. 8.
1958 Palaeohystrichophora infusorioides Deflandre; Cookson and
: ‘Eisenack, p. 37, P1. 10, fig. 10.
1964 Palaeohvstrichophora infusorioides Deflandre; Cookson and
Hughes, p. 43, P1. 5, fig. 8. _ _
1964 Palaeohystrichophora infusorioides Deflandre; Manum and Ver-
: dier, p. 28, Pl. 4, fig. 10. o
1970 Palaeohystrichophora infusorioides Deflandre; Boltenhagen,
p. 124, P1. 19, figs. 1-3.
1970 Palaeohystrichophora infusorioides Deﬂandre, Davey, p. 346,
o Pl. 3, figs. 2,6.
1973 Palaeohvstrichophora infusorioides Deflandre; Davey and Ver-
dier, p. 199, Pl. 2, figs. 5, 8.
1974 Palaeohvstrichophora infusorioides Deflandre; Cookson and
Eisenack, p. 50, P1. 27, fig. 5. '

- Description. Chorate dinoflagellate cyst, biconical in outline;
epitract larger than hypotréct; epitract triangular With well-developed
apical horn; hypotract round in outline with one antapical horn; cingulum
» broad, demarcated by two spine-dov'ered ridges; capsule suboval, fill-~
ing cyst except near the apiLE:al and antapical ho'rr,ns; cyst wéll covered
byAlong, narrow, solid, hairlike spines,

Dimensions. Len.gth of 5 measured specimens, 40-45 u;
width, 28—’31.;1; length of spines, 4 }1.\%
| Occurrence, The species ranges in age from the Cenomanian -

‘to Campanian in the study area.
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Palaeohvystrichophora sp. 1
Fig. 8, no. 6.

Description. Cavate dinoflagellate cyst biconical in éutline;
epitract triangular with one apical horn; hypotract rounded except for
two unequal antapical horns, one horn is greatly reduced; cingu-lum
broad, well defined by two spine-covered ridges: archeépyle not ob-
served; capsulelarge, filling cyst except fbr apical and antapical horns;
cyst wall thin, wrinkled, and covered unevenly with fine hairlike spines.
~Dimensions. Length of 5 measured specimens, 69-73 u;
width, 48-50 n. |
QOccurrence. This species is restricted to the Thermopolis

Shale (Albian) in the Horse Creek section; not found inthe Rawlins section.

Palaeohvystrichophora sp. 2
Fig. 8, no. 11

Description.. Cavate dinoﬂagella’te cyst; biconical in outline;
epitract larger than hypotract; apical horn long, tapered, rounded apex;
.antapical horns short, unequal, one horn poorly de';ze’loped;’ cingulum
broad, Wéll defined by thin marginal spine covered ridges; capsule sub-
spherical filling cyst except for ap‘i.cal and antapical horns; archeopyle
not observed; cyst wall covered by numerous fine hairlike épinés .

Dimensions. Length of 5 measured specimens, 63-68 u;
width,-38-45 u. |

Occurrence. The specievs ranges m age from the Cenomanian

to Coniacian in the study area.
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Family Hexagoniferaceae Sarjeant and Downie 1966, emend.
Sarjeant and Downie 1974 ,
Type Genus Hexagonifera Cookson and Eisenack 1961a .

Genus Qvoidinium Davey 1970
Owvoidinium ostium Davey 1970 -
Fig. 8, nos. 3-5

Seleéted Synonymy

1970 Ovoidinium ostium Davey, p. 353, Pl. 4, figs. 5-6.

Description. Bicavate dinoflagellate cyst; apical horn poor.ly.»
developed, cone shaped, broad, rounded af apex; antapical horns usual-
ly poorly developed; -hypotract possesses subrectangular opening on
ventral surface; cingulum defined by two low marginal ridges; archeo-
pyle apical; cyst wall densely granular.

Dimensions. -Length of 5§ measured specimens, 60-65 u;
width, 42-45 .

Occurrence . This species is only,‘found in strata of Albian age

in the study area.
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Family Pseudoceratiaceae Eisenack 1961, emend.
v Sarjeant and Downie 1974 -
Type Genus Pseudoceratium Gocht 1957

Genus 'Odontochltma Deflandre 1935
Odontochitina operculata (Wetzel) Deflandre and Cookson 1955
Fig. 8, no. 9

Selected Synonymy

1955 Odontochitina operculata (Wetzel) Deflandre and Cookson, p.
291, Pl1. 3, figs. 5, 6.

1967 . Odontochltma operculata (Wetzel) Deflandre and Cookson,

. Clarke and Verdier, p. 59, P1. 13, figs. 1, 7,

1970 Odontochl’cma operculata (Wetzel) Deflandre and Cookson;
Davey, p. 355, Pl. 4, fig. 7.

1971 Odontochitina operculata (Wetzel) Deflandre and Gookson;
Davey and Verdier, p. 25.

1973 QOdontochitina operculata (Wetzel) Deflandre and Cookson:

o Kjellstrdébm, pp. 34-35, fig. 29.

1974 Odontochitina operculata (Wetzel) Deflandre and Cookson;

Mclintyre, Pl. 7, fig. 10.

De-scrip”tion, Dinoflagellate cyét; céntral body subspherical;
apical and antapical horns long, tapered to blunt points; apical horn
constricted where it attaches to central body; archeopyle apical; cyst
wall thick and granular.

| Dimensidns. Total length of 5 measured specimens‘-, 289-300 )Y
length of 'cen'tral body, 75-84 n; width of central"body, 37-45 n.
Occurrence. This ubiquitous species is found in A‘ibiah to Cam-

panian strata in the study area.
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Family: Muderongiaceae Neale and Sarjeant 1962, emend.
Sarjeant and Downie 1974 '
Type Genus Muderongia Cookson and Eisenack 1958
Genus Muderongia Cookson and Eisenack 1958
' Muderongia sp. 1
Fig. 8, no. 8

Description. Dinoflagellate cyst; stellate in outline; apical
horn triangular, rounded at apex; antapical horns of equal length, well
developed, long, tapering to narrow points'; lateral horns attached on
equator, horns bifurcate into two émaller horns; cingulum not observed;
archeopyle apical; cell wall very th_in, almost transparent, easily folded
or ripped.

Dimensions. Length of 5 measured specimens, 88-94 };1;
width, 57-63 u.

Occurrence. This species is restricted to the Albian in the

A study area.

Muderongia sp. 2
‘Fig. 8, no. 10

Description. Dinoflagellate cyst, roughly rhomboidal in out-
line; epitract possesses apical horn and two lateral horns; apical horn
well developed, long, tapering‘ to slender point; lateral horns curve/d
downward toward ’hypot'ract; cingulum nqt ob'served; archeopyle apiéal;
cyst wall very thin, almost transparent; easily wrinkled or damaged. _

Dimensions. Length of 5 measured specimens, 105-115 u;
width, 63-69 u.

Occurrence. This species is restricted to the Thermopolis

Shale (Albian) in the study area.
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Family Hystrichosphaeridiaceae Evitt 1963, emend.
Sarjeant and Downie 1974
Type Genus Hystrichosphaeridium Deflandre 1937, emend.
Davey and Williams 1966

Genus Hystrichokolpoma Klumpp 1953, emend.
Williams and Downie 1966
Hystrichokolpoma ferox (Deflandre) Davey 1969

: Fig. 9, no. 4

Selected Synonymy

1937 Hystrichosphaeridium ferox Deflandre, p. 72, Pl. 14, figs. 3,4.

1967 - Baltisphaeridium ferox (Deflandre) Downie and Sarjeant; Clarke
and Verdier, p. 73, P1. 15, fig. 4. :

1969  Hystrichokolpoma ferox (Deflandre) Davey, p. 159, Pl. 9, figs.

S5, 7. :
1971 . Hystrichokolpoma ferox (Deflandre) Davey; Singh, p. 326, Pl. 5,
~ figs. 1-5. :
1973  Hystrichokolpoma ferox (Deflandre) Davey; Lentin and Williams,
p. 71. ‘ '

Description. Chorate dinoflagellate cyst, subspherical in out-
line; central bod_jr ovoidal possessing two types of processresA; one type
is cylindrical, hollow, slender, slightly tapering,tqward the distal tip;
the other type consists of wide cylindrical processes, bifurcated or tri-
“furcated at distalbtips; cingulum r}ot observed; archeopyle apical; cyst
wall thick and granular.

Dimensions. Diameter of 3 measured spécimens, 92-97 u;
central body diameter, 57-63 n.

Occurrence. This spec_ies ranges in age'r’from Cenomanian to

Coniacian in the study area.



Figure 9. Peridiniales: Exochosphaeridiaceae, Hystricho-
sphaeridiaceae, Areoligeraceae, Glelstosphaerldlaceae, Systemato-

pharaceae
1.

2.

9-10.

110

Exochosphaeridium sp. X750.

Hystrichosphaeridium cf. arundum. Phase contrast. X550,

Oligosphaeridium complex (White) Davey and Williams.

X350.

Hystrichokolpoma ferox (Deflandre) Davey° X450,

Cvyclonephelium cf. dlstlnctum (Deflandre) Cookson.

X450,

Lithosphaeridium siphoniphorum (Cookson and Eisenack)

Davey and Williams. Phase contrast. X450.

Cleistophaeridium cf. polvpes (Gookson and Elsenack)
Davey. X450. :

Chiropteridium sp. X450,

Diphyves colligerum (Deflandre and Cookson) Cookson,

10, phase contrast. X500.

Coronifera sp. X450,



Figure 9. Peridiniales: Exochosphaeridiaceae, Hystricho-
sphaeridiaceae , Areoligeraceae , Cleistosphaeridiaceae , Systemato-
pharaceae
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Genus Hystrichosphaeridium Deflandre 1937, emend.
- Davey and Williams 1966
Hystrichosphaeridium cf. arundum Elsenack and Cookson 1960a
Fig. 9, no. 2

- Selected Synonymy

1960a Hystrichosphaeridium arundum Eisenack and Cookson, p. 8, Pl.
: 3, fig. 7.
1966 Hystrlchosphaerldlum arundum Eisenack and Cookson, Davey
: and Williams, p. 70.
1971  Hystrichosphaeridium arundum Elsenack and Cookson; Davey
: and Verdier, p. 22.
1973  Hystrichosphaeridium arundum Eisenack and Cookson; Lentin
and Williams, p. 73.

Description. Chorate dinoflagelllate cyst, subspherical in out-
liné; spherical centr_al_ blc‘)d‘y.be'arin'g numerou.s short, thick, cylindrical
processes; all processes arerhblrl'ow,' few flare at distal t-ips;- no cin-
gulum or archeopylg observed; cyst wall thin and easily wrinkled.

Dimensions. Diameter of 1 measured specimen,_ 52 pu; ceﬁtral
body diameter, 35 .

| QOccurrence. Cne specimen was found in the Frontier Formation
(G'enom’anian) from the Rawlins section, not féund in the Horse Creek

section. -



52

- Genus Lithosphaeridium Davey and Williams 1966
thhosphaerldlum siphoniphorum (Cookson and Eisenack)
Davey ‘and Williams 1966
Fig. 9, no. 6

Selected Synonymy

. 1958 Hystrlchosphaerldlum smhomphorum Cookson and Elsenack,
p. 44, P1. 11, figs. 8~10.

1964 = Hystrichosphaeridium siphoniphorum Cookson and Eisenack:
Cookson and Hughes, p. 48; P1. 9, fig, 15.

1966  Lithosphaeridium siphoniphorum (Cookson and Eisenack) Davey -
and Williams, p. 80, Pl. 7, figs. 7,8,

1967 Hystrichosphaeridium siphoniphorum Cookson and Eisenack;

: Clarke and Verdier, p. 55, PI1. 11, figs. 1,2. :
1969 Lithosphaeridium siphoniphorum (Cookson and Eisenack) Davey
and Williams; Davey, p. 148, Pl. 6, figs. 3,4.

1973 = Lithosphaeridium siphoniphorum (Cookson and Eisenack) Davey
and Williams; Lentin and Williams, p. 89.

Description. Chorate dinoflagellate cyst, subspherical in out-
liine; central body spherical; processes thick, cylindricalf hollow, and
open at distal end; cingulum not observedv; cyst wall finely gfanular,

Dimensibns. Diametef of 2 measured specimens, 38-40 y;
central body, 29-31 n.

Occurrence. This species is present in the Frontier Formation

(Cenomanian) in the Rawlins section; not found in the Horse Creek sec-

tion.
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Genus QOligosphaeridium Davey and Willia’rhs 1966
Qligosphaeridium complex (White) Davey and Williams 1966
» Fig. 9, no. 3

Sele cted Synonymy

- 1966 Oligosphaeridium complex (White) Davey and Williams, p. 71,
Pl. 7, figs. 1,2,; pl. 10, fig. 3.

1967 Qligosphaeridium complex (White) Davey and Williams: Clarke
and Verdier, p. 53, P1. 11, figs. 10,11.

1967  Hystrichosphaeridium complex (White) Davey and Williams;
Drugg, p. 26, Pl, 4, fig., 14. .

1967 Hystrichosphaeridium complex (White) Davey and W1111ams,

: ’ Millioud, p. 164, _

1969  OQOligosphaeridium complex (White) Davey and Williams; Davey,
p. 146, Pl. 5, figs. 6,7.

1971  Qligosphaeridium complex (White) Davey and Williams; Davey

: and Verdier, p. 26. .

1971 Oligosphaeridium complex (White) Davey and Williams; Brideaux,
p. 89. :

1971 Oligosphaeridium complex (Whlte) Davey and Wllllams, Singh,
p. 333, Pl. 53, figs. 4-6.

1973 Oligosphaeridium complex (White) Davey and Williams: Lentm
and Williams, p. 99. ,

1974  Oligosphaeridium complex (White) Davey and Williams; Cookson
and Eisenack, p. 66, Pl. 29, figs. 1-4.

Description. Chorate dinoflagellate cyst, spherical in outline;
central body spherical, possessing cylindrical to trumpetlike, distally
open processes, each process corlfesponds to the center area of a re~
flected plate; c':ingulum not obs‘erVed; archeopyle epi.cal; cyst wall
coarsely granular.

Dimensions. Diameter of 5 measured s'pec‘imens, 115-127 p;
diameter of central body, 54-63 j.

Occurrence‘.v This species is fouhd in strata of Albian‘_ to'San-

tonian age in the study area.
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Pémily Exochosphaeridiaceae Sarjeant and Downie 1966,
emend. Sarjeant and Downie 1974 '
Type Genus Exochosphaeridium Davey and Williams 1966

Genus Exochosphaeridium Davey and Williams 1966
Exochosphaeridium sp.
Fig. 9, no. 1

Description. Chorate dinofla’gellate cyst, subspherical to
spherical in outlirie; processes numerous, siendér, tapering distally to
a fine point, few bifurcate; éyst wall.thiri an.drgfanular.,

Dimensions. Diémeter of 5 nﬁeasured specimens, 87-95 p;
diameter of central body, 67-74 u.

Occuwrrence. The species is found in strataof Cenomanian to

Coniacian age in the study area.
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Family Systematophoraceae Sarjeant and Downie 1974
Type Genus Systematophora Klement 1960

Genus Coronifera Cookson and Eisénack 1958
" Coronifera sp.
Fig. 9, no. 11
Description. Chorate dinoflagellate cyst; subspherical to
spherical central body; central body covered with numerous fine hairlike |
processes whichtaper distally to fine points; processes do not appear fo
be joined proximally; epitract has large antapical process which tapers
slightly distally but flares out at extreme distal end; process hollow;
cyst wall thin and granular,
V Dimensions . Diameter of central vbo'd? of 1 measured specimen,
48 n; length of antapical process, 25 u.

Occurrence. One specimen was recovered from the Frontier

Formation (Cenomanian) in the Rawlins section.
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Genus Diphves Cookson 196.5,‘ eme‘nd, Davey and Williams 1966
Diphves colligerum (Deflandre and Cookson) Cookson 1965
Fig. 9, nos. 9,10

Selected Synonymy

1955 Hystrlchosphaerldmm colllqerum Deflandre and Cookson p. 278,
P1. 7, fig. 3.

1961Db Hystrlchosphaerldlum colligerum Deflandre and Cookson: Cook-
son and Eisenack, p. 44, Pl. 2, fig. 9.

1965 Diphves colligerum (Deflandre and Cookson) Cookson pP. 86

- Pl. 9, fig. 1-12.

1965 Hyvstrichosphaeridium colligerum Deflandre and Cookson Stanley,
p. 231, P1. 24, figs. 7,8,

1966 Hvstrlchosphaerldlum colllqerum Deflandre and Cookson; Morgen—
roth, p. 29, P1. 8, figs. 1,2.

1966 Diphves colligerum (Deflandre and Cookson) Cookson; Davey
and Williams, p. 96, Pl. 4, figs. 2,3. ,

1973 Diphves colligerum (Deflandre and Gookson) Cookson, Stone,
p. 57, P1. 8, figs. 28-29,

Descrlptlon. Chorate dinoflagellate cyst; subspherical to
spherical central body; cential body coyei‘ed with numerous processes;
procésses taper distally from a broad attachment base, distal end blunt
and occasionally bifurcate; epitract possesses large, hollow, antapical
process.,

Dimen;ion, Central body diameter of 5 measured specimens,
| 54-62 p; length of antapical process, 22-28 u.

Occnrrence. This speoies ranges in from Albian to Cenomanian

in the study area.



57

Family Cleistdsphaeridiaceae Sarjeant and Downie 1974
Type Genus Cleistosphaeridium Davey and Williams 1966

Genus Cleistosphaeridium Davey and Williams 1966 .
Cleistosphaeridium cf. polypes (Cookson and Elsenack) Davey 1969
Fig. 9, no. 7

Selected Synonymy

1962 Hystrichosphaeridium recurvatum subsp. polypes Cookson.and
Eisenack, p. 491; P1. 4, figs., 11-13. _

1969 Cleistosphaeridium polypes (Cookson and Eisenack) Davey,
p. 154, pl. 6, figs. 7, 8

Description. Chorate dinoflagellate cyst; subspherical central
body bearing 30-50 distally closed, hollow prbcesses; probesses tapef
distally to a single point or are occasionally bbiflircating; cyst wall
moderatel y to strongly granular.

Dimensions. Entire cyst diameter ovf'3 meas'ured'specimens,.
75-79 u; central body diameter, 43-46 p‘.,
| Oécurrence . Species foupd in strata bf Cenomanian to Cohi— |

acian age in the Rawlins section; not found in the Horse Creek section.
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Family Areoligeraceae Evitt 1963, emend. Sarjeant and Downie 1974
' Type Genus Areoligera Lejeune-Carpentier 1938

Genus Chiropteridium Gocht 1960
Ghiropteridium sp.
Fig. 9, no. 8

Deécription, Chorate dinoflagellate cyst, spherical to sub—
spherical in outline; spherical ce‘ntral body cove_red with cylindrical
processes of a highly variable natﬁfe; pfocess tips flaring, bifurcate or
trifurcate; cyst wall thick, scabrate, usually.fovlded or wrinkled.

| . Dimensions. Entire cysf diarmeter of 4‘measured specimens,
92-95 yi; central body diameter, 66-69 1.

Occurrence .» This: specieé océurs in strata of Turonian to

Coniacian age in the Hopse Creek section; not found in the Rawlins .

section.



Cookson and Eisenack 1962

Fig. .9, no. 5

Selected Synonymy

1955
1967
1967
1967
1969

1969 .

1971
1971

1973

Cvyclonephelium distinctum Deflandre

Pl. 2, fig. 14.

Cyclonephelium distinctum Deflandre
Verdier, p. 22, P1. 1, figs. 6, 7.
Cvclonephelium distinctum Deflandre

22, Pl. 3, fig. 7.

Cvyclonephelium distinctum Deflandre

P. 2, fig. 13.

"Cvclonephelium distinctum Deflandre

- 166, Pl. 11, figs. 6-8, 10.
Cvclonephelium distinctum Deflandre

p. 427, P1. 1, fig. 7.

" Cyclonephelium distinctum Deflandre

Verdier, p. 17.

Cvclonephelium distinctum Deflandre

and Eisenack, p. 219, Pl, 8, fig.

- Cyclonephelium distinctum Deflandre

p. 689, Pl. 87, figs. I, 4.

Description.

and Cookson,

and Cookson;

and Cookson;
and Cookson;
and Cookson;
and Cobkson;
and Gookson;
and Coockson;

5.
and Cookson;
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Genus ‘Cyclonephelium Deflandre and Cookson 1955, emend.

Cyclonephehum cf. distinctum Deflandre and Cookson 1955

pp. 285-286,
Clarke and |
Drugg, p.
Millioud,
Davey., P.
Millioud,
Davey and
Cookson

Harland,

Chorate dinoflagellate cysts; subspherical to

spherical central body; ceniral body covered with densely spaced pro=- =

- cesses which are interconnected distally.

Dimensions.

Occurrence.,

Diameter of 1 measured specimen, 77 u.

One specimen was recovered from the Frontier

Formation (Cenomanian) from the Rawlins section; not found in the -

Horse Creek section.
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Order Gymnodiniales Schiitt 1896

Famil-y Dinogymniaceae Sarjeant and Downie 1974
" Type Genus Dinogymnium Evitt, Clarke, and Verdier 1967

Genus Dinogymnium Evitt, Clarke, and Verdier 1967
Dmogymmum acuminatum Evitt, Clarke, and Verdier 1967
Fig. 10, no. 1

Selected Synonymy .

1967 Dinogymnium acuminatum Evitt, Clarke, and Verdier, pp. 8-16,
pi. 1, 2, 3, figs. 1-8, 10, 12, 20.

1970 Dinogymnium acuminatum Evitt, Clarke and Verdler Zaitzeff
and Cross, p. 352.

Description. -Dinoflagellate éyst, biconical in outline; numer-
ous longitudinal folds extend frbm’; apex to antapex; cingulum prominent,
" deep, broad, and delimited by two ridges; sulcus well developed; arche—
opyle apical, flaplike, usually remains attached; cyst wall’ thick and'
granular. | _ |

Dimensions. Length of 5 measured specimens) 55-59 p;
-v‘vidth 31-34 u. | |

Occurrence. This distinctive species occurs in strata of San-
: tonlan to Campaman age in the Rawlins section; not found in the Horse

Creek section.



Figure 10. Gymnodiniales, Pteromophetae

1.

2.

Dinogymnium acuminatum Evitt, Clarke, and Verdier. X650.

Dinogymnium nelsonense (Cookson) Evitt, Clarke, and
Verdier. Phase contrast. X550,

Dinogvmnium westralian (CoOkson and Eisenack) Evitt,

Clarke, and Verdier. Phase contrast. X600.

Pterospermella aureolata (Cookson and Eisenack) Eisenack
and Cramer. X400,

Pterospermella australiensis (Deflandre and Cookson)
Eisenack and Cramer. X400,

Pterospermella eurypteris (Cookson and Eisenack) Eisenack
and Cramer. X400,

Pterospermella harti (Sarjeant) Eisenack and Cramer. X400.




Figure 10.

Gymnodiniales, Pteromophetae
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Dinogymnium nelsonense (Gookson) Evitt, Clarke, and Verdler 1967 -
Fig. 10, no. 2

Selected Synonymy

1956 Gymnodinium nelsonense Cookson, p. 183, P1. 1, figs. 8-11.

1958 Gymnodinium nelsonense Cookson; Cookson and Eisenack,

_ p. 26, P1. 1, fig. 8.

1967 Gymnodinium aff. G. nelsonense Cookson; Drugg, p. 12, P1. 1,

o fig. 6. :

1967 Dinogymnium nelsonense (Cookson) Evitt, Clarke and Verdler,
pp. 21-23, Pl. 3, figs. 21,22.

1970 Dlnoqvmmum nelsonense (Cookson) Evitt, Clarke, and Verdler,

' Zaitzeff and Cross, p. 352, P1. 4, fig. 35,

1973 Dinogymnium nelsonese (Cookson) Evitt, Clarke, and Verdier;
Stone, p. 50, pl. 2, fig. 4.

“Description. Dinbflagellate cyst; biéonical with wide sub'—
equatorial cingulum dividing cyst :;Lnto two unequal portions; epitract
larger than hypotract; hypotract tapers into a rounded tip; wide longi=
tudinal folds on epitract.and hypotract; archeopyle apical; cyst Wallr

thin.
Dirﬁension_s . Length of 2 measured specimens, 95-96 p;
width, 42-44 p.
Occurrence. Species is restricted to the Mesaverde Formation
(Campanian) in the Rawlins section; not. found in the Horse Creek sec-

tion,
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Dinogymnium westralian (Cookson and Eisenack)
Evitt, Clarke, and Verdier 1967
- Fig. 10, no. 3

Selected Synonymy

1958 Gymhodinium westralian Cookson and Eisenack, p. 25, P1. 1,
. fig. 9. '
1967 Dinogymnium westralian (Cookson and Eisenack) Evitt, Clarke,
and Verdier, pp. 23-24,

Description. Dinoflagellate cyst;. biconical with narrow equa-
torial cingulum dividing cyst into two equal portions; hypotract more
rounded than epitract; longi‘tudinal folds'.few, running fﬁll length of cyst;
éyst wall thick, subjec.t to folding’.

Dimenéions. Length of 4 measured specimens, 42-46 yn;
width, 27-31 p.

Occurrence. Species found in strata of Coniacian to Santonian

age in the Rawlins section; not found in the Horse Creek section.
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Group Acritarcha Evitt 1963
Subgroup Pteromophetae Downie, Evitt, and Sarjeant 1963

- Family Pterospermellaceae Eisenack 1972
Type Genus Pterospermella Eisenack 1972

Genus Pterospermella Eisenack 1972
Pterospermella aureolata (Cookson and Eisenack)
- Eisenack and Cramer 1973

Fig. 10, no. 4

Selected Synonymy

1958 Pterospermopsis aureolata Cookson and Elsenack p. 49, P1, 9
, figs. 10~-12.
1971 Pterospermopsis aureolata Cookson and Eisenack, Cookson and
' Eisenack, p. 22, P1. 10, fig. 1-3.

1971  Pterospermopsis aureolata Cookson and Eisenack; Singh, p. 419,
P1, 77, tigs. 7-9.

1972 . Pterospermella aurcolata’ (Cookson and Elsenack) Eisenack,
p. 597.

1973 Pterospermella aureolata (Gookson and Eisenack) Eisenack:
Eisenack and Cramer, p. 957.

Description. Acritarch cyst, circular in polar view; central
body circular, surrounded équatorially by an infrareticulate lamella;
cyst wall thick and granular,

Dimensions. Diameter of 5 measured specimens, 97-101 p;
diameter of central body, 57-60 He

Occurrence. Species occurs in strata of Albian to Coniacian

age in the study area.



65

Pterospermella australiensis (Deflandre and Cookson)
Eisenack and Cramer 1973
Fig. 10, no. 5

Selected Synonymy

1955 - Pterospermopsis australiensis Deflandre and Cookson, p. 286,
Pl. 3, fig. 4.

1965 Pterospermopsis australiensis Deflandre and Cookson, Cookson
and Eisenack, p. 222, Pl. 10, figs. 4-6. '

1971 Pterospermopsis australiensis Deflandre and Cookson; Brideaux,
p. 75, P1, 21, fig. 15, ,

1971 Pterospermopsis australiensis Deflandre and Cookson; Singh,
p. 420, Pl. 77, figs, 11,12,

1973  Pterospermella australiensis (Deflandre and Cookson) Eisenack
and Cramer, p. 959. '

1974  Pterospermella australiensis (Deflandre and Cookson) Eisenack
and Cramer; Cookson and Eisenack, p. 81, Pl1. 26, fig. 5.

Descripb tion. . Acritarch cyst, circular in poiar view; central
body circul‘ar‘, encased in a folded lamellar structure; lamellar wall
thi}n; central body wall thick, dense; radius of central body half of tota}
radius of cyst. ‘

Dimensions. Diameter of 5 measured specimens, 34-37 p;
diameter of central body, 21-24 n.

Occurrence . Species restricted to the Melsaverde Formation
(Campanian) in the Rawlins section; not found in the Horse Creek

section, .
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Pterospermella eurypteris (Cookson and Eisenack)
Els_enack and Cramer 1973 :
Fig. 10, no. 6

Selected Synonymy

1958
1961

1971
1971

1973

Pterospermopsis eurypteris Cookson and Eisenack, p. 49, P1, 9,

figs. 9, 13.
Pterospermopsis eurvpteris Cookson and Eisenack; Alberti, p.

40, P1., 11, fig. 10.
Pterospermop51s eurvpteris Cookson and Elsenack Gookson

and Eisenack, p. 222, P1..10, fig. 11.
Pterospermopsis eurypteris Cookson and Eisenack; Singh, p.

421, P1. 78, figs. 1-3.
Pterospermella eurypteris (Cookson and Eisenack) Eisenack and

Cramer, p. 977.

Description. Acritarch cyst, circular in polar view; circular

central body encased in infrareticular lamellar structure; radius of cen-—

tral .body less than half of total radius of cyst.

Dimensions. Diameter of 3 measured specirhens, 80-84 p; -

diameter of central body, 30-33 p.

.Qccurrence. Species occurs in.strata of Albian to Santonian age

in study area.
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Pterospermella harti (Sarjeant) Eisenack and Cramer 1973
Fig. 10, no. 7

- Selected Synonymy

1960  Pterospermopsis harti Sarjeant, p. 402, Pl. 14, fig. 16,
1971 Pterospermopsis harti Sarjeant; Singh, p. 423, Pl. 78, figs. 4-7.
1973 Pterospermella harti (Sarjeant) Eisenack and Cramer, p. 987.

'Descri]gtion. Acritarch cyst, Vcircular ih\‘polar view; central
body circular, encased in a deeply folded infrareticulate lamellar struc-
‘ ture; radius of central body slightly more than half of the total radius of
cyst. | |

Dimensions. Diameter of 5 measured specimens, 65-69 p;
diameter of central body, 35-39 . |

Occurfence . Species occurs in‘strata of Albi-an to Santonian

age in study area.
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