


8'oL

HARVARD UNIVERSITY

|v
1











BULLETINS
MUS. COMP. ZOoL ^ ^J^y^

LIBRARY

OF
MAR 4 *97^

HAi
UNJVERi^-AMERICAN

PALEONTOLOGY

VOL. LXIV

1973-74

Paleontological Research Institution

Ithaca, New York 14850

U. S. A.



In Memoriam

Orville L. Bandy
1916-1973



CONTENTS OF VOLUME LXIV

Bulletin No. Pages Plates

278. Palynology of the ASmond Formation (Upper
Cretaceous) Rock Springs Uplift, Wyoming.

By J. Fred Stone 1-136 1-20

279. Tabulate Corals and Echinoderms from the
Pennsylvanian Winterset Limestone, Hog-
shooter Formation, Northeastern Oklahoma.

By H. L. Strimple and J. M. Cooke 137-168 21

280. Stratigraphy and Genera of Calcareous
Foraminifera cf the Fraileys Fades (Missis-

sippian) of Central Kentucky.

By R. G. Browne and E. R. Pohl 169-244 22-31

281. Crinoid Studies. Part I. Some Pennsylvanian
Crinoids from Nebraska. Part. II. Some
Permian Crinoids from Nebraska, Kansas,
and Oklahoma.

By R. K. Pabian and H. L. Strimple 245-338 32-41



INDEX

No separate index is included in the volume. Each number is

indexed separately. Contents of the volume are listed in the begin-

ning of the volume.



BULLETINS
MUS. COMP. 200U

LIBRARY OF

OCT 16 19^ AMERICAN
t^S«?fALEONTOLOGY

(Founded 1895)

Vol. 64

No. 278

PALYNOLOGY OF THE ALMOND FORMATION
(UPPER CRETACEOUS), ROCK SPRINGS UPLIFT,

WYOMING

By

J. Fred Stone

1973

Paleontological Research Institution

Ithaca, New York 14850, U.S.A.



PALEONTOLOGIGAL RESEARCH INSTITUTION

1972 - 73

President Daniel B. Sass

Vice-President Merrill W. Haas

Secretary Philip C. Wakeley

Assistant Secretary Rebecca S. Harris

Director, Treasurer Katherine V. W. Palmer

Counsel Armand L. Adams

Representative AAAS Council John Pojeta, Jr.

Trustees

Rebecca S. Harris (Life) Cecil H. Kindle (1971-1974)

Axel A. Olsson (Life) Harry S. Ladd (1971-1974)

Katherine V. W. Palmer (Life) Daniel B. Sass (1971-1974)

Donald W. Fisher (1967-1973) Virgil D. Winkler (1969-1975)

Merrill 'W. Haas (1970-1973) Kenneth E. Caster (1972-1975)

Philip C. Wakeley (1970-1973) Harold E. Vokes (1973-1975)

BULLETINS OF AMERICAN PALEONTOLOGY
and

PALAEONTOGRAPHICA AMERICANA

Katherine V. W. Palmer, Editor

Mrs. Fay Briggs, Secretary

Advisory Board

Kenneth E. Caster Hans Kugler

A. Myra Keen Jay Glenn Marks
Axel A. Olsson

Complete titles and price list of separate available numbers may be had on

application.

For reprint, Vols. 1-23, Bulletins of American Paleontology see

Kraus Reprint Corp., 16 East 46th St., New York, N.Y. 10017 U.S.A.

For reprint, vol. I, Palacontographica Americana see Johnson Reprint Cor-

poration, 111 Fifth Ave., New York, N.Y. 10003 U.S.A.

Subscription may be entered at any time by volume or year, with average

price of $18.00 per volume for Bulletins. Numbers of Palacontographica Ameri-

cana invoiced per issue. Purchases in U.S.A. for professional purposes are de-

ductible from income tax.

For sale by

Paleontological Research Institution

1259 Trumansburg Road

Ithaca, New York 14850

U.S.A.



BULLETINS
OF

AMERICAN
PALEONTOLOGY

(Founded 1895)

Vol. 64

No. 278

PALYNOLOGY OF THE ALMOND FORMATION
(UPPER CRETACEOUS), ROCK SPRINGS UPLIFT,

WYOMING

By

J. Fred Stone

September 28, 1973

Paleontological Research Institution

Ithaca, New York 14850, U.S.A.



Library of Congress Card Number: 73-81675

Printed in the United States of America

Arnold Printing Corporation



CONTENTS

Page

Abstract 5

Acknowledgments 5

Introduction ^

Purpose and scope 6

Previous investigations 6

Stratigraphy 7

General statement 7

Almond Formation 8

Measured sections and sample localities 9

Techniques - 11

Sample collection .^ 1

1

Sample processing „ 1

1

Slide making 12

Assemblage attributes 12

Distribution and range of species 12

Relative abundance of species and groups of species IS

Absolute abundance of groups of species and tissue 20

Diversity 30

Cluster analysis _ 31

Discussion and conclusions 35

Age of the Almond Formation 35

Depositional environments 37

Palynological correlations 40

Plant associations 40

Palynomorph descriptions 41

Taxonomic listing 42

Descriptive listing _ _ 46

Descriptions 48

References 99

Plates „ „ Ill

Index 132



TABLES
Tal)!e Page

I. Measured Section 4, absolute abundance of

palynomorph groups — - 22

II. Measured Section 14, absolute abundance of

palynomorph groups 23

III. Measured Section 23, absolute abundance of

palynomorph groups 24

IV. Measured Section 9, absolute abundance of

palynomorph groups 25

V. Measured Section 12, absolute abundance of

palynomorph groups 26

VI Diversity and equitability, all species 33

VII. Diversity and equitability, marine species 34

VIII. Diversity and equitability, nonmarine species 36

IX. Taxonomic placement of form genera and species 42

X. Arrangement of species in the descriptions and plates 46

XI. Count Data Fold-in 48, 49

TEXT-FIGURES
page

1. Late Campanian lithofacies map 8

2. Outcrop pattern of Almond Formation showing location of

measured geologic sections 10

3. Distribution and range of palynomorphs. Measured section 8 14

4. Distribution and range of palynomorphs. Measured section 4 16

5. Distribution and range of palynomorphs. Measured
section 14 Fold-in 16, 17

6. Distribution and range of palynomorphs. Measured section 23 17

7. Distribution and range of palynomorphs. Measured section 9 18

8. Distribution and range of palynomorphs. Measured section 12 19

9. Distribution and range of palynomorphs. Measured
section 8, 14 Fold-in 19, 20

10. Ratio marine to nonmarine species range of restricted species.

Species diversity. Measured section 8 Fold-in 20, 21

11. Absolute abundance of selected palynomorph groups.

Measured section 4 21

12. Absolute abundance of selected palynomorph groups.
Measured section 14 Fold-in 21, 22

13. Absolute abundance of selected palynomorph groups.
Measured section 23 27

14. Absolute abundance of selected palynomorph groups.
Measured section 9 28

15. Absolute abundance of selected palynomorph groups.
Measured section 12 29

16. R-mode cluster analysis, all samples, all species Fold-in 35, 36

17. Correlations upper Almond Formation.
Measured section 23 Fold-in 38, 39



PALYNOLOGY OF THE ALMOND FORMATION (UPPER
CRETACEOUS), ROCK SPRINGS UPLIFT, WYOMING

J, Fred Stone*

ABSTRACT
The palynomorph content of the Almond Formation (Upper Campanian)

was investigated using 80 samples from six measured sections on the east

flank of the Rock Springs Uplift, Wyoming. A composite standard reference

section of the total Almond and four additional sections of the marine interval

of the upper Almond were used. One hundred thirteen species of palynomorphs

were identified. Five new species are described. The affinities or possible

relationships of the form species with living plants are noted.

Paleoenvironmental and paleoecological investigations were made using

the distribution and stratigraphic range of the species; the absolute abundance

of species, groups of species, and dispersed plant tissues; the ratio of marine

species to nonmarine species; the diversity of the palynomorphs and the cluster

analysis grouping of species. The marine upper Almond Formation is easily

distinguished by the presence of 25 species, mainly dinoflagellates and acri-

tarchs, which are restricted to it in the sections studied. The dinoflagellate

species, Trif/iyrodinium druggii Stone, n. sp., is abundant and restricted to

the marine upper Almond and may be used to characterize it. The dino-

flagellate species, Dcflandrea cooksoni Alberti, has a restricted range within

the upper Almond and is used to subdivide the marine interval.

The criteria which are most useful in subdividing the upper Almond are

the ratio of marine to nonmarine species and the absolute abundance of marine
species and nonmarine species. Three subunits. A, B, and C, are defined using
the ratio and absolute abundance as observed from plots of this information
for each section.

An R-mode cluster analysis was performed using the Jaccard Coefficient

of similarity and resulted in some distinct groupings of species at high simi-
larity levels. The marine species were clustered as one large group, and a

subgroup at a higher similarity level contained the more relatively abundant
marine species which, it is suggested, represent the most marine association
of species. One high level cluster group contains species restricted to the lower
Almond and has possible significance as a nonmarine species association.
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INTRODUCTION

PURPOSE AND SCOPE

Tht objective of this study was to investigate the palynomorph

content of the Upper Cretaceous Almond Formation from measured

sections in the area of outcrop on the east flank of the Rock Springs

Uplift, Wyoming. The palynomorphs are documented, identified,

and classified into form taxa. Five new form species are described.

The affinities or possible relationships of the form species with

living plants are noted.

Paleoenvironmental and paleoecological inferences are made
on the basis of the distribution and stratigraphic range of the species;

the absolute abundance of species, groups of species and dispersed

plant tissues; the ratio of marine species to nonmarine species; the

diversity of the palynomorphs and the cluster analysis grouping of

species.

PREVIOUS INVESTIGATIONS

Palynological investigations of Upper Cretaceous rocks in the

Western Interior of the United States and Canada have mainly

dealt with the Upper Cretaceous-Tertiary boundary and include

mainly formations of Maestrichtian and Paleocene age. The major

contributions of this type include those of Rouse (1957, 1962), An-

derson (1960), Stanley (1965), Srivastava (1966), Drugg (1967),

Norton and Hall (1969), Oltz (1969), and Snead (1969). The pro-
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ceedings volume of the Geological Society of America symposium on

Late Cretaceous and Early Tertiary palynomorphs (Kosanke and

Cross, ed., 1971) contains pertinent papers by Leffingwell, R. H.

Tschudy, B. D. Tschudy and Leopold, Rouse, Hopkins, and Piel,

and Zaitzeff and Cross.

Few published palynological studies concerning this geographic

area deal with rocks of Campanian age. One important exception is

the work of Newman (1964, 1965) which gave the stratigraphic oc-

currence of selected palynomorphs of Campanian, Maestrichtian,

and Paleocene ages in rocks from northwestern Colorado. Most of

the palynomorphs which were encountered in the Almond Formation

have been illustrated without identification or explanation by Leo-

pold and B. D. Tschudy (1965, unpublished, U.S.G.S. Open-File

Report) as a result of their study of upper Campanian-lower

Maestrichtian rocks near Redbird, Niobrara County, Wyoming.
Two papers of interest in terms of paleoenvironmental interpreta-

tions involving slightly older rocks are those of Sarmiento (1957)

and Burgess (1970). The Upper Cretaceous palynological literature

through 1966 has been adequately reviewed by Srivastava (1967).

STRATIGRAPHY

GENERAL STATEMENT

The Rock Springs Uplift, a large, anticlinal, structural feature,

is located in Sweetwater County in southwestern Wyoming. The
structural axis of the uplift trends north-south and lies east of the

town of Rock Springs. The uplift has been breached by erosion, ex-

posing Upper Cretaceous rocks of Santonian, Campanian, and

Maestrichtian age. The formational names applied to these rock

units are, from oldest to youngest, Baxter Formation, Blair Forma-
tion, Rock Springs Formation, Ericson Sandstone, Almond Forma-
tion, Lewis Shale, Fox Hills Sandstone, and Lance Formation.

The Mesaverde rock unit name is widely used in the Western
Interior of the United States, both with formational and group

status. In the Rock Springs area, the Mesaverde is given group

status and consists of four formations, Blair, Rock Springs, Ericson,

and Almond. The Mesaverde Group is correlated, in part, with the

Pierre Shale, also of the Western Interior, and, in part, with the
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Taylor and Navarro Groups of the Gulf Coastal Plain (Cobban and

Reeside, 1952). The Almond Formation, in a stratigraphic frame-

work, is the uppermost formation of the Mesaverde Group, Gulf

Series, (Upper) Cretaceous System of the Mesozoic rocks.

ALMOND FORMATION

The AlmoiKl Formation consists of a body of sediments of both

nonmarine and marine origin. These were deposited along the west-

ern margin of the Late Cretaceous epicontinental sea (Text-fig. 1).

J

NON OE POSITIO N

nd /or

E ROSION

r

LATE CAMPANIAN
LITHOFACIES MAP

Nerilic ihole and jiltstone

Borrier bar landjione ond coastal plain dirposiis

Coaslol plain clayslone, siltslone, sandstonr, and coal

Modified trom Weimet 1965

u

Text-figure 1
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This seaway was elongate north-south and extended from the present

Gulf of Mexico to northern Canada. It was bordered on the east by

the lowlands of the stable interior of the continent and on the

west by the Laramide Highland (Clark and Stearn, 1960). The tec-

tonically positive Laramide Highland is considered to have been the

source of the Almond Formation sediments.

Measured surface sections of the Almond Formation on the

east flank of the Rock Springs Uplift have been published by Lewis

(1965). The thickness ranged from 555' to 671' for six sections. The

composite section used as a standard in this study has a total thick-

ness of 66(y. Lithologically the Almond may be divided into a lower

"nonmarine" portion (377' at the standard section) and an upper

"marine" portion (283'). Each of these two units may be further

subdivided into two parts; the lower nonmarine portion into a Lower

Siltstone Unit and Lower Sandstone Unit, and the upper marine

portion into an Upper Shale Unit and Upper Sandstone Unit.

At its base the Almond Formation contrasts sharply with the

underlying Ericson, a coarse white to buff-colored sandstone. The

Lower Siltstone Unit is a lithologically variable unit of siltstones

interbedded with shales, sandstones, and coals which is 331' thick

in the standard section. As a unit these sediments are fluviatile in

origin. The Lower Sandstone Unit (46') consists of light gray to

buff-colored, thick-bedded or massively crossbedded, fine-grained

sandstone probably of barrier-bar origin. The Upper Shale Unit, the

"marine tongue" of the Almond Formation is a gray marine shale

and siltstone sequence about 200' thick with occasional thin layers

and lenses of sandstone. The Upper Sandstone Unit is a barrier-bar

sequence comparable to the Lower Sandstone Unit. It is not par-

ticularly well developed at the standard section (about 83' thick).

The marine shales of the Upper Almond interfinger with the over-

lying Lewis Shale. The depositional environments and geologic his-

tory of the Almond Formation have been studied in considerable

detail on the outcrop by Jacka (1965) and in the subsurface by

Weimer (1961, 1966) and McCubbin and Brady (1969).

MEASURED SECTIONS AND SAMPLE LOCALITIES

The location of the six measured sections utilized in this study

may be seen in Text-figure 2. The sections used are numbered, from
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OUTCROP PATTERN OF ALMOND FORMATION

SHOWING LOCATION OF MEASURED GEOLOGIC SECTIONS

i

2 4 6 8;': 12

SCALE IN mil:-

WYO MING
]" ' COLORADO

Text-figure 2
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north to south, 4, 14, 23, 9, 12 (Upper Almond) and 8 (Lower

Almond). The composite section, 8-14, which is used as the

standard section for this study was selected because it has the

closest sample interval. These six particular stratigraphic sections

were chosen from several available sections because of their loca-

tion on the easternmost portion of the outcrop area where the Upper

Shale Unit is best developed. The marine shale thins and pinches

out both to the north and the south. Reliable lithologic correlations

are present between these sections. The outcrop is continuous and

may be "walked out."

The sections were measured, described, and sampled by J. N.

Minick and other geologists of the Atlantic Richfield Co. in 1966

and represent unpublished information. In 1967 the author in-

spected all of the sections in the field with the field geologists and

in some cases supplemented the sampling. The measured sections

with the field geologists' descriptions have been reproduced by Stone

(1971). The lithologic columns with the relative position of the

samples may be seen in Text-figures 10, 11-15. The locations of the

measured sections in Sweetwater County by township and range

notation are as follows: M. S. 8 (Sec. 12, T19N, RIOIW), M. S. 4

(Sec. 25, 26, T20N, RlOlW), M. S. 14 (Sec. 36, T20N, RlOlW;
Sec. 31, T20N, RIOOW), M. S. 23 (Sec. 7, T19N, RlOlW), M. S. 9

(Sec. 12, T19N, RlOlW) and M. S. 12 (Sec. 16, T17N, RlOlW).

TECHNIQUES

SAMPLE COLLECTING

To avoid modern pollen and spore contamination and to avoid

to some extent the destructive effects of surface weathering on

fossil palynomorphs, all samples were collected from channels dug
two to three feet into the outcrop. The samples were composited

from approximately one-foot intervals which were exposed in the

channel. The samples were placed in cloth bags with plastic liners

to prevent contamination. Only the finer clastic rocks, e.g., shales

and siltstones, were collected.

SAMPLE PROCESSING

The following procedures were used in the laboratory pro-

cessing of the samples:



12 Bulletin 278

1. Weigh crushed sample, 10 g.

2. DemlneraHzation

A. Hydrochloric acid, concentrated, 24 hours

B. Hydrofluoric acid, concentrated, 24 hours

3. Heavy liquid separation, 2.0 specific gravity, zinc bromide,

20 minutes at 2000 r.p.m.

4. Oxidation, Schulze solution, 3 minutes, saturated solution

of potassium chlorate in concentrated nitric acid.

5. Oxidation, potassium hydroxide, 5% solution, one minute.

6. Heavy liquid separation, 1.7 specific gravity, IS m.inutes at

2000 r.p.m.

7. Stain, safranine

SLIDE MAKING

Processing of a known weight of sample permits one to arrive

at an estimation of the absolute abundance of palynomorphs in the

sample. The technique used was essentially that of Davis (1966)

and represents some refinement of the technique of Stone (1967).

When a precise aliquot of a known volume of residue from a known

weight of sample is counted, the number of "grains per gram" of

sediment may be calculated. Critical to the technique is the use of

a pipette controlled by a hypodermic syringe. Using a small volume

(generally .01 ml) of residue permits the counting of all palyno-

morphs on the slide. In addition to the known aliquot slide, ordinary

slides with a high concentration of palynomorphs were also made.

ASSEMBLAGE ATTRIBUTES

DISTRIBUTION AND RANGE OF SPECIES

The observed distribution and inferred range of each species

at each of the six measured sections and the standard section are

presented in Text-figures 3-9. The presence of a given species in a

sample is noted by one or more X's (reflecting relative abundance

in the sample) and the resulting range is noted by connecting with

dashes. The ranges of palynomorphs or groups thought to be char-

acteristic for lower and upper Almond are indicated by solid bars

on Text-figures 3 through 9. The arrangement of species is on a

"first occurrence-longest range" basis and Is not consistent from

section to section. A consistent "taxonomlc arrangement" of species
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giving distribution was used in the analysis but is not reproduced

here. The numbers given with the species names are code numbers

used solely for the computer construction of the distribution-range

charts.

A number of observations may be made concerning the distri-

bution of species. The most outstanding distribution characteristic

is the restriction of many dinoflagellate and acritarch species to

the upper Almond. The following 25 species are restricted to the

upper Almond:

Trithyrodiniwm druggii

Dejlandrea tnagnijica

D. cf. D. verrucosa

D. pannucea

D. cookso7ii

Palaeocystodinium benja/minii

Spiniferites ramosa var. membranacea

Dinogymnium sp. 1

D. nelsonense

Cordosphaeridium jibrospinosum

Hystrichosphaeridiwm tubijerum

Diphyes colligerum

Palaeostoviocystis laevigata

Micrhystridium inconspicutinn

M. piliferum

M. fragile

Pterospermopsis australiensis

SporopoUis cf. S. laqueaeformis

Trudopollis meekeri

Todisporites cf. T. minor

Polypodiisporites javus

Styx major

Liliacidites complexus

Botryococcus sp.

Aquilapollenites retictdatus

The following seven species are restricted to the lower Almond:
Cassidium, fragilis

Cingulatisporites dakotaensis
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Species % of

Total per Sample

0<X ^ '*

10<XXX ^0
20<XXXX vAn

UOOCXXXX

DISTRIBUTION AND

RANGE OF PALYNOMORPHS

Measured Section 8
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Spermatites sp.

Appejvdicisporites cf. A. dentimarginatus

Tsugaepollenites igniculus

AzoUa sp.

Foveasporis triangulus

There was little variation in the geographic distribution of

species among the upper Almond sections. Three species, Dino-

gymnium nelsonense, Botryococciis sp., and Aquilapollenites reticu-

latus, are restricted to Section 14. Aquilapollenites p-ulcker is re-

stricted to Section 23. Cicatricosisporites dorogensis is restricted

to Section 4 and Hamiulatisporis hamulatis is restricted to Section 9.

All are rare species and little significance is attached to their geo-

graphic distribution.

A biostratigraphic zonation of the Almond Formation may be

accomplished using the vertical distribution of species. The criteria

used for zonation are restricted ranges, first occurrences, and last

occurrences. An obvious Zone I (lower Almond) and Zone II (upper

Almond) may be constructed since most dinoflagellate and acritarch

species are restricted to the upper Almond. Zone I is characterized

by the restricted species, Cassidium fragilis and Cingulatisporites

dakotaensis. Zone II is characterized by Trithyrodini'mn druggii.

Five subzones seem evident at the standard section but they can

be traced to the other upper Almond sections only to a limited

extent. Subzone lA contains no restricted palynomorphs. Subzone

IB is characterized by the first occurrence of several species and by

the restricted Tsugaepollenites igniculus. Subzone IIA is charac-

terized by Diphyes colligerum and Palaeostomocystis laevigata. Sub-

zone IIB is characterized by Dejlandrea cooksorii. This species is

restricted in all the upper Almond sections to a particular portion

of the upper Almond. Subzone IIB is terminated and Subzone IIC

started by the last occurrence of several species. Correlation by

subzones between sections is limited at best and the zonation would

not be expected to persist if a greater stratigraphic interval or

greater geographic area were studied.

RELATIVE ABUNDANCE OF SPECIES AND GROUPS OF SPECIES

The relative abundance of each species and of various groups
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DISTRIBUTION AND
RANGE OF PALYNOMORPHS
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of species was investigated and has been summarized by Stone

(1971). The basic count data are presented in Table XI (see fold

in between pp. 48, 49). The ratios of marine to nonmarine entities

are plotted on Text-figures 10 and 17.

ABSOLUTE ABUNDANCE OF GROUPS OF SPECIES AND TISSUE

Counts were made for 45 samples using the known aliquot

slides. The dispersed plant tissue in general consisted of cuticles,

tracheids, and other cells with bordered pits and secondary thick-

enings. The palynomorphs were counted as to major group and an

additional count was made of the tissue with recognizable cell

structure.

Consecutive and non-overlapping traverses were used so that

all palynomorphs on the slide were counted, x^s noted in the slide

preparation discussion, counting all the palynomorphs from an ali-

quot (.01ml) of a known volume of residue (15ml) from a weighed

sample (lOg) permits calculation of the number of palynomorphs

per gram of sediment. Computer calculations were made of the

"grains per gram" of the seven major groups, of the tissue, of the

total marine palynomorphs, of the total nonmarine palynomorphs

(excluding tissue) and of the total palynomorphs (also excluding

tissue). The variations in absolute abundance are tabulated (Tables

I-V) and are summarized in Text-figures 11-15. The absolute abun-

dances of marine and non-marine palynomorphs are plotted in

Text-figure 17.

In light of modern sediment studies of the distribution of paly-

nomorphs (Muller, 1959; McKee, Chronic and Leopold, 1959;

Rossignol, 1961; Stanley, 1966; Cross, Thompson and Zaitzeff,

1966; Traverse and Ginsburg, 1966) the "grains per gram" statistic

may prove to be one of the more useful in determining sedimentary

environments through the use of palynomorphs. Confident compari-

son of samples is limited by some unknown factors such as the size,

composition (and hence the density), and rate of accumulation of

the sedimentary particles making up the rock. In the present study

all the samples are terrigenous elastics in the clay and silt size frac-

tions with varying sand content. The mineralogic composition has

not been Investigated and the rate of accumulation Is unknown.

Evaluation of the absolute abundance data is deferred to the Dis-

cussion and Conclusion section.
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TABLE II

MEASURED SECTION ll*

ABSOLUTE ABUNDANCE OF PALYNOMORPH GROUPS
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DIVERSITY

Ecologists have applied a measure of diversity which is derived

from information theory and takes into consideration the number

of species and the distribution of individuals among the species.

Pielou (1969) discussed ecological diversity and its measurement.

Beerbower and Jordan (1969) investigated diversity of paleonto-

logical assemblages. The expression of diversity, H, used in this

_ m n,

study is: H = -k 2 />i log pi, where pi = •
.

i = i N
The number of individuals in species "i" is ni. The total number

of individuals in the sample is N. The number of species in

the sample is m, and k is a constant which may be set equal to 1.

The number of species and the total individuals determine the range

of diversity available to a community. The derivation of this statis-

tic given by Patten (1962) is particularly lucid. Authors vary as to

the base of the logarithms used in the calculation. For comparison

purposes with other studies the diversity statistic has been com-

puter calculated using base e, base 10 and base 2 logarithms (Tables

VI-VIII). The diversity statistics analyzed here use the base e

logarithms and are plotted in Text-figures 10 and 17. The diversity

statistics have been calculated for the total palynomorphs, the

marine palynomorphs, and the nonmarine palynomorphs.

An additional statistic, the equitability (E) of the sample, re-

flects the distribution of individuals among the species (Buzas and

Gibson, 1969). Equitability is the ratio e^^. The value of H calcu-

m
lated with base e logarithms is used. The equitability varies from

o to 1 with 1 being the condition in which all species have an equal

number of specimens. The equitability has been calculated for all

samples for which the diversity was calculated (Tables VI-VIII).

Diversity is a parameter of a community which is independent

of its generic and specific composition. It is apparently dependent

on the physical, chemical, and biological (interspecific competition)

environment (Odum, Cantlon, and Kornicker, 1960). Various

diversity indices have been given considerable biostratigraphic im-
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portance and used as a correlation tool within individual coal seams

(Gibson and Clarke, 1968). Comments concerning the diversity

data are deferred to the Discussion and Conclusion section.

CLUSTER ANALYSIS

Cluster analysis in the Q-mode permits comparison of samples

as to their species content (or as to the counts of the contained

species) and permits the grouping of like samples at various levels

of similarity ("community"-approach). In the case of presence or

absence data each sample is compared with all other samples and

a coefficient of similarity is generated which expresses the com-

parison. Cheetham and Hazel (1969) have listed in a standardized

notation the various similarity coefficients which have been used

for presence-absence data. Using the matrix of similarity coefficients

the samples are clustered into a hierarchy of pairs and groups of

samples which are related at various levels of similarity as deter-

mined by consecutive cycles of clustering. Several clustering tech-

niques are discussed by Sokal and Sneath (1963). The final product

of cluster analysis is a dendrogram which displays the groups of

samples and the similarity levels at which they are grouped. A Q-

mode cluster analysis was performed (Stone, 1971), but the results

did not suggest a meaningful interpretation.

Cluster analysis in the R-mode is a population approach and

is used to group species on a basis of their comparable occurrence.

Cluster analysis has been widely used by ecologists and is being

used in the study of fossil organisms, e.g., Fox (1968) and Hazel

(1970). Cluster analysis in the R-mode has been applied to palyno-

logical data by Oltz (1969, 1971).

In the present study the techniques of cluster analysis were

applied to the "presence or absence" data for 113 species from 76

samples from six measured sections.

For the Q-mode cluster analysis of presence-absence data the

Jaccard Coefficient of Community was used (Jaccard, 1908). The
Jaccard Coefficient is a simple coefficient of similarity which has

been widely used. It places emphasis on those samples which con-

tain many individuals and many species (Mello and Buzas, 1968).
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The coefficient ignores negative matches, i.e., no contribution is

made to the coefficient if a species is absent from both samples being

compared. In the notation of Cheetham and Hazel (1969), this

coefficient is as follows:

c
Jaccard Coefficient =

(c+Ex) + ("C+E.) - C

_ _C-
Ni + No — C

C, species present in both samples

El, species present only in first sample

Eo, species present only in second sample

Ni, total species present in first sample

No, total species present in second sample

For any two samples being compared, a value of 1 is contributed to

C if a given species is present in both samples, a value of 1 is con-

tributed to El if a given species is present only in the first sample

and a value of 1 is contributed to Eo if a given species is present

only in the second sample. After the contribution of all species oc-

curring in both samples is compiled, the coefficient is calculated.

Each sample is compared with all other samples under considera-

tion and the coefficients are compiled in a data matrix.

The clustering was done by the weighted pair group method

with simple arithmetic averages (Sokal and Sneath, 1963). In the

initial clustering step the matrix of similarity coefficients is exam-

ined and all samples are paired which have values higher than that

value at which a third sample becomes eligible to join the initial

cluster. A new matrix is then generated in which the relationship

between a bonded pair of cycle 1 and an unbonded sample is the

arithmetic mean (simple average) of the two similarity coefficients

between the unbonded sample and each member of the bonded pair.

A second cycle of clustering is then undertaken on the second matrix.

Weighting occurs In this cycle and subsequent cycles since the value

of all members of an existing cluster is averaged with the value of

a potential sample or cluster of samples. The clustering and recalcu-

lation Is repeated until all samples have been clustered or the rela-
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TABLE VI. Diversity and Equitability of all Species

SAMPLE NO. SP. DIV.-e DIV.-IQ DIV.-2 EQ.(e)

66W 98
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TABLE VII. Diversity and Equitability of Marine Species

NO. SP. DIV.-e DIV.-10 DIV.-2 EQ.(e)

66W 98



FIGURE 16

R-MODE CLUSTER ANALYSIS, ALL SAMPLES, ALL SPECIES

Jaccard Coefficient Weighted Pair Group Clustering

11

a
n

h

Mill

s





Cretaceous palynology Wyoming: Stone 35

tionships arc zero. This explanation of clustering follows that of

Mello and Buzas (1968).

An R-mode cluster analysis was performed utilizing the

presence-absence data. In this instance a species to species com-

parison is made as to presence or absence in each of the samples. A
Jaccard Coefficient is calculated for each species compared with all

other species and a matrix of coefficients is generated which is clus-

tered by the weighted pair group method. The resulting dendro-

gram shows the clustering of related species (Text-figure 16).

Evaluation of the cluster analyses is deferred to the Discussion

and Conclusions section.

DISCUSSION AND CONCLUSIONS

AGE OF THE ALMOND FORMATION

Upper Cretaceous relative age dating is based primarily on a

standard of ammonoid fossils. In the Western Interior the Cam-
panian Stage encompasses 21 megafossil zones with the end of the

Campanian coinciding with the top of the Baculites eliasi Zone.

In south-central Wyoming the Almond Formation corresponds (in

ascending order) to the upper part of Baculites reesidei Zone, the

B. jenseni Zone, and the B. eliasi Zone. In the Rock Springs Uplift

the Almond Formation also includes the lower part of the overlying

B. bacillus Zone (Gill, Merewether, and Cobban, 1970). The Cam-
panian-Maestrichtian boundary is placed at the B. eliasi-B. baculus

zonal boundary. Since the upper Shale Unit of the upper Almond

interfingers imperceptibly into overlying Lewis Shale the Cam-
panian-Maestrichtian boundary is not a sharp contact except in the

area where the Upper Sand Unit of the upper Almond is present.

The indigenous palynomorph assemblage of the Almond Formation

is, by virtue of the associated ammonoids, Upper Campanian in age

(possibly Maestrichtian in the uppermost Almond).

On cursory inspection the Almond Formation palynomorph as-

semblage is not vastly different from North American Maestrichtian

assemblages. At least 25 Almond pollen and spore species have been

reported from Maestrichtian-Paleocene rocks of Montana by Norton

and Hall (1969), and at least 10 Almond dinoflagellate and acri-

tarch species have been reported from Maestrichtian and Paleocene
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TABLE VIII. Diversity and Equitability of Nonmarine Species

SAMPLE NO. SP. DIV.-e DIV.-10 DIV.-2 EQ.(e]

66W 98
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rocks of South Dakota by Stanley (1965). Many species are re-

ported for the first time from rocks as old as Campanian. The rele-

vant species are not tabulated here but may be ascertained from the

occurrences in the descriptive section.

Seven species are reported for the first time from rocks as young

as Campanian:

Dejlandrea cf. D. verrucosa

AlicrJvysIridium densispinum

M. inconspicuuvi

M. eupeplos

Schizosporis cooksoni

Inaperturopollenites atlanticus

Rugubivesiculites floridus

Little biostratigraphic significance is attached to their occurrence

because of their rarity, morphological ambiguity, and the possibility

of reworking.

The palynological age assessment of the Almond Formation

must depend on the total assemblage and the percentages (or abso-

lute abundance) of its constituents. The assemblage may be recog-

nized as Upper Cretaceous by the presence of AquilapoUenites spp.,

Proteacidites spp., Styx spp., and Liliacidites (Schizosporis) conv-

plexus. Considering the total assemblage and the presence of

the genera and species just mentioned, the absence of Wodehouseia

spp. is suggestive of, but does not prove, an age older than Mae-

strichtian. With the exception of two index fossils there are no Cam-
panian age-distinctive species. TrudopolUs meekeri and Conclavi-

pollis zaolfcreekensis have been reported only from restricted inter-

vals within Campanian age rocks (Newman, 1965). Two new species,

Trithyrodinium druggii and Cycadopites pseudolatus may have

possible Campanian age significance.

DEPOSITIONAL ENVIRONMENTS

The Almond Formation consists of sediments formed in three

major depositlonal environments, the nonmarine coastal-plain and

lagoonal environment, the shoreline (barrier-bar) environment, and
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the near shore (nerltic) marine environment. These environments

may be recognized by the distinctive sediment types which they

produced (Weimer, 1966). The coastal-plain (fluviatile) sediments

are claystones, siltstones, nonmarine shales, coals, and sandstones.

The near-shore sediments are barrier bar sandstones, and the neritic

sediments are shales. The variations in environment and in cor-

responding sediment type are the result of minor transgressions

and regressions of the Late Cretaceous sea and their cyclic nature

has been described in detail by Jacka (1965).

With the exception of coals, which were not studied, and sand-

stones, the depositional environments of the Almond Formation

sediments have been determined by their palynomorph content.

Palynomorphs are ordinarily not recovered from sandstone and this

lithology was not sampled. The nonmarine environment of the lower

Siltstone Unit is evidenced by the near absence of dinoflagellates and

acritarchs. When present these palynomorphs comprise about 1-3%

of the sample with the single exception of sample 66W135 which

contains 15.8%. This sample represents a dark gray shale bed

only two feet in thickness. The marine environment of the upper

Shale Unit is evident from the 17 species of dinoflagellates and

acritarchs which are restricted to it. These palynomorphs comprise

from 20-50% of the total palynomorphs in samples from this unit.

Within the upper Shale Unit, variations, both vertical and

horizontal, are noted in the absolute abundance of dinoflagellates

and their counterparts in distribution, the acritarchs. To what ex-

tent these variations reflect changes in depositional environment is

unknown. Living dinoflagellates are known from freshwater and

marine environments, but in the rock record they appear to be

limited to rocks of estuarine and marine origin. As a generalization,

dinoflagellates increase in number away from shores and to some

extent the plots of the absolute abundance of marine species (Text-

fig. 17) reflect distance from shore. (It is to be remembered that

all of the samples represent shallow marine deposition in an epicon-

tinental sea and never an open marine environment.) This general-

ization is complicated by the fact that dinoflagellates, as do other

plankton, have maxima and minima in their distribution that re-

flect variations in their physico-chemical environment. Such flue-
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tuations have been noted near river mouths and areas of current

influence such as upwelHng. The absolute abundances of dinoflagel-

lates in the Almond Formation are comparable to those observed

in the modern Gulf of California with values of several hundreds

to a few thousands per gram of sediment and occasional maxima up

to 16-17,000 per gram of sediment (Cross, Thompson, and Zaitzeff,

1966). One such maximum is noted in Section 14, Samples 66W220

and 66W221, which represents an interval of at least five feet with

a highest value of 18,000 per gram.

As a generalization the land derived pollen and spores show a

decrease in abundance away from shore in a marine environment.

They also show maxima and minima in their distribution which are

controlled at least in part by the proximity of the parent plants

and the sorting action and distribution by water currents.

The assemblage attribute which in the author's opinion best

measures the proximity to shore line is the ratio of marine to

nonmarine species. This ratio when combined with the absolute

abundance information may be used to subdivide the upper Shale

Unit of Section 14 into three subunits. Subunit A from Sample

66W218 to Sample 66W229 is an interval of a high ratio marine-

nonmarine species and high abundance. Subunit B from Sample

66W230 to Sample 66W236 is an interval of high ratio and rela-

tively low abundance. Subunit C from Sample 66W237 to Sample

66W252 is an interval of a relatively low ratio and a relatively low

abundance. These subunits are present to some extent in the other

measured sections of the upper Shale Unit.

It may be observed in each section of the upper Shale Unit

that the sterile samples show some relationship to the sand con-

tent of the interval sampled. In general there is a drop in abun-

dance and sterile samples appear as the upper Sandstone Unit is

approached and the sand content of the shale increases.

The diversity of the nonmarine species is consistently higher

than that of the marine species. Samples with high diversity in-

dices for the most part are not samples with the highest absolute

abundance. Any relationship between diversity and depositional

environment has not been demonstrated.

Within the upper Shale Unit no relationship has been demon-
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strated between the presence-absence or relative abundance of any

individual species and the depositional environment other than

what has already been discussed for the formation as a whole.

PALYNOLOGICAL CORRELATIONS

The upper Shale Unit is defined on a lithologic basis and cor-

relation between the five upper Almond sections may be ac-

complished by marker beds including a gastropod zone (shells are

abundant enough locally for the rock to be considered a coquina)

at the base of Sections 14, 23, and 9, a bentonite layer between

Sections 23 and 9 and a cone-in-cone layer between Sections 23,

9, and 12.

As a unit the upper Shale Unit may be correlated palyno-

logically within the Almond Formation by the dinoflagellates, acri-

tarchs, and other species which are restricted to it. The upper Shale

Unit ma}^ be subdivided at the standard section (14) by several

criteria (see Text-figure 17), the most useful of which are considered

to be the ratio of marine to nonmarine species, the absolute abun-

dance of marine species and nonmarine species, species restricted

in range, and the diversity of the marine and nonmarine species.

Attempts have been made to correlate among the five sections

using these criteria. The subunits A, B, and C, based on the ratio

and absolute abundance of marine and nonmarine species (defined

above), may be correlated with some success between sections. A
zone of Deflandrea cooksoni may be correlated with little success

since it varies a great deal in thickness and is absent in Section 23.

Some corresponding peaks on the diversity curves may correlate but

they are not evident in all sections.

PLANT ASSOCIATIONS

The R-mode cluster analysis results in groups of species which

are related by their common occurrence (co-occurrence) in samples.

Because these species are related by common occurrence it may
be hypothesized that the groups represent assemblages of species

from plant communities which have persisted through time. It must

be remembered that the program is designed so that all species will

eventually cluster. Whether or not a given cluster on the dendro-

gram has ecological significance is a value judgement on the part

of the interpreter and must be based on some knowledge of the
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species comprising the cluster. The similarity scale of the dendro-

gram varies from (complete dissimilarity) to 1 (complete simi-

larity).

The species stems of the R-mode dendrogram (Text-fig. 16)

which cluster at .5 or greater have been drawn as solid Hnes for

emphasis. These pairs and clusters of species have the greatest

similarity of occurrence and are thought to represent portions of

plant communities. Eight clusters at approximately the .3-.4 level

have been designated as subgroups and 12 clusters at approximately

the .2-.3 similarity level have been designated as groups.

Some comments and interpretations may be made concerning

the following clusters, but no special significance is attached to

the other clusters:

Group 10. Virtually all of the dinoflagellates and acritarchs oc-

cur in this cluster. Group 10 represents the marine phytoplanktcm

community.

Subgroup lOA. This subgroup is of interest because Palambages

Form A, a supposed green alga, has a distribution parallel to that of

the dinoflagellates.

Subgroup IOB. The two species of Dtnogymniwm have parallel

distributions.

Subgroup lOD. This highly similar subgroup contains the most

abundant (relatively abundant) dinoflagellate species. They are

closely related in their distribution, and it is suggested that they

represent the most marine association of species.

Group 11. This cluster contains two species, Cassidiuvi jragilis

and Cingulatisporites dakotaensis, with parallel distributions, which

are restricted to the lower Almond. This cluster may characterize

the nonmarine to estuarine lower Almond.

Group 12. Group 12 is an artificial group of extremely rare

species with only one or two specimen occurrences.

Group 4. This group is a large and closely related cluster of

angiosperms and gymnosperms whose significance is unknown.

PALYNOMORPH DESCRIPTIONS

TAXONOMIC LISTING

Form genera and form species have been used almost exclusively

in the identification of the palynomorphs encountered in this study.
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To the author's knowledge form taxa have not been pubHshed for

Botryococcus sp., Pediastrum -paleogeneites and Azolla sp. of this

study. The affinities of the form species with living plants and in

some cases with extinct plant megafossils have been noted in the

specific descriptions. These suggested affinities are for the most part

the modern genus and family indicated by the original author of

the species. To provide the complete taxonomic placement of the

palynomorphs Table IX has been compiled. The acritarchs have not

yet been classified so only their unofficial group and subgroup

status can be given. Their placement following the dinoflagellates

reflects the fact that their distribution parallels that of the dino-

flagellates and they are presumed to be marine phytoplankton,

TABLE IX

TAXONOMIC PLACEMENT OF FORM GENERA
AND SPECIES

Kingdom Plantae

Subkingdom Thallophyta
Division Chlorophyta

Class Chlorophyceae
Order Chlorococcales

Family Botryococcaceae

Genus Botryococcus {B. hrauni'i)

Botryococcus sp.

Family Hydrodictyaceae
Genus Pediastrum
Pediastrum paleogeneites

Family Uncertain
Palambages Form A

Division Pyrrophyta
Class Dinophyceae
Order Gymnodiniales

Family Gymnodiniaceae
Dinogymnium nclsonense

Dinogymnium sp. 1

Order Peridiniales

Family Deflandreaceae
Drflandrea microgranulaia
Dcflandrea cf. D. pirnaensis

Deflandrea cooksoni

Dcflandrea magnifica
Deflandrea pannncea
Deflandrea cf. D. 'verrucosa

Spinidinium dcnsispinatum

Trithyrodinium druggii

Palaeocystodinium benjaminii

Order Uncertain
Family Spiniferitaceae

Hystrichosphaeridium tubiferum
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Cordosphacridlum fibrospinosum
Forma A sp. 1

Diphyes colligerum

Spinifcrites ramosa van membranacea
Family Areoligeraceae

Cyclonephelium sp. 1

Cassidium fragilis

Family Uncertain
Mevihranosphacra maastr'icht'ica

Palaeohystrichophora infusorioides

Division Uncertain
Group Acritarcha
Subgroup Acanthomorphitae

Micrhystridlum dcrisispinum
Micrystridium inconspicuitm

Micrhystridlum piiiferum
Micrhystridlum fragile

Micrhystridlum eupcplos

Subgroup Pteromorphitae
Pterospermopsis australiensis

Subgroup Uncertain
Palaeostomocystis laevigata

Genus A species A
Subkingdom Embryophyta

Division Bryophyta
Class Musci
Order Sphagnales
Family Sphagnaceae

Stereisporites aiitiquasporitcs

Division Tracheophyta
Subdivision Lycopsida

Class Lycopodineae
Order Lycopodiales
Family Lycopodiaceae

Foveosporites canalis

Hamulatisporis hamulatis
Lycopodiumsporites austroclavatidites

Foveasporis triangulus

Zlivisporis novomexicanum
Order Selaginellales

Family Selaginellaceae

Cingulatisporites dakotaensis
Subdivision Uncertain

Undulatisporites rugulatus
Styx minor (megaspore?)
Styx major (megaspore?)
Schizosporis cooksoni (spore?)
Schizosporis parvus (spore?)

Subdivision Pteropsida
Class Filicineae

Subclass Leptosporangiatae
Order Eufilicales

Family Osmundaceae
Conbaculatisporites sp.

Todisporites of. T. minor
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Family Schizaeaceae

Cicatricosisporitcs dorogcnsis

Appendicisporites cf. A. dentimarginatus

Family Gleicheniaceae

Deltoidospora diap/iana

GlcTiichcnitditcs scnonicus

Family Dicksoniaceae
Alsophilidites kerguelensis

Family Polypodiaceae
Laevigatasporitcs
Polypodiisporites favus

Order Hydropteridales

Family Salviniaceae

Genus Azolla

Azolla sp.

Class Gymnospermae
Order Pteridospermae (extinct)

Family Caytoniaceae

Genus Caytonanthus
Vitrcisporites pallidus

Order Cycadales
Family Cycadaceae

Cycadopltcs psrudolaius

Cycadopitcs follicular'is

Order Coniferales

Family Podocarpaceae
Phyllocladiditcs tnaivsorii

Podocarpidites maximus
Rugubivcsiciditcs floridus

Family Chcirolepidaccae (extinct)

Classopollis dasso ides

Family Araucariaceae
Inaperturopolle?iitPs atlanticus

Araueariaciies limbatus

Family Pinaceae
Laricoidites magnus
Laricoidites gigantus

Tsugaepollenitcs ignicuJtis

Crdripites parvus
Abictineaepollcuitrs joveoretieidatus

Alisporites graridis

Family Taxodiaceae
Taxodiaccaepollenitcs hiatus

Families Taxodiaceae and Cupressaceae
Inapcrturopollenites dubius

Order Gnetales
Family Ephedraceae

Equisetosporites ovatus

Orders Bennettitales, Cycadales and Ginkoales
Monosuleites seabratus

Order Uncertain
Eueommiidites eouperi

Quadripollis krempii
Spcrmatites sp. (ovule)

Class Angiospermae
Subclass Monoctyledoneae
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Order Uncertain
Arecipites reticulatus

Liliacidites complexus
Liliacidites leei

Subclass Dicotyledoneae
Order Salicales

Family Salicaceae

Tricolpopollenites clavireticulatus

Order Fagales
Family Fagaceae

Cupulifcroipollenitcs pus illus

Family Betulaceae
Alnlpollenitcs guadrapollenites

Order Urticales

Family Ulmaceae
Ulmipollcnites granulatus

Order Proteales

Family Proteaceae
Proteacidites retusus

Proteacidites thalmanni
Orders Santalales and Lamiales

Families Olacaceae and Labiatae
Tricolpitcs baihyret'iculatus

Family Olaceceae
Fraxin o ipollen ites "va ria b His

Family Loranthaceae
Craniuellia rumseyensis

Order Ranales
Family Trochodendraceae

Tricolpopollenites compactus
Family Ranunculaceae

Tricolpites lillei

Order Sapindales
Family Aquifoliaceae

Ilexpollenites compactus
Family Buxaceae

Erdtmanipollis pachysandroides
Family Sapindaceae

Cupanieidites major
Order Rhamnales
Family Vitaceae

Tricolporopollenites affluens
Order Myrtiflorae
Family Haloragaceae

Tricolpites reticulatus

Order Ericales

Family Ericaceae
Genus Kalmia?

Ericaceoipollenites rallus

Order Uncertain
Tricolpopollenites parvulus
Tricolpites mutabilis

Tricolpopollenites microscabratus
Tricolpites psilascabratus
Tricolpopollenites microreticulatus
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Tricolpopollenites deliclavatus

Tricolpites anguloluminosus
Aquilapollenitcs Polaris

AquilapoUenites pulcher

Aquilapollenites striatus

Aquilapollenitcs rcticulatus

Engelhardtioidites minulus
Triporopollenites rugatus
Triporopollenites sp. B.

TrudopoUis meekeri
Plicapo His sp.

SporopoHis cf. S. laqueacformis
Conclavipollis luolfcreekensis

DESCRIPTIVE LISTING

An arbitrary arrangement of the form species has been chosen

for the descriptive section. The arrangement consists of six groups:

the Algae (exclusive of the dinoflagellates), the Dinoflagellates, the

Acritarchs, the Spores, the Gymnosperms and the Angiosperms.

This arrangement into groups reflects the gross affinities of each

species, and within each group it reflects increasing morphologic

complexity. The following list (Table X) gives the order of each

species as it appears in the descriptions and the plates.

TABLE X
ARRANGEMENT OF SPECIES IN THE DESCRIPTION

AND PLATES
Algae excluding dinoflagellates

1. Pediastrum palcogcncitcs

2. Botryococcus sp. A
3. Palambages Form A

Dinoflagellates

4. Dinogymnium nclsoncnse

5. D. sp. 1

6. Deflandrea microgranulata
7. D. cf. D. pirnaensis

8. D. cooksoni

9. D. magnifica
10. D. pannucea
11. D. cf. D. verrucosa
12. Spinidinium densispinatum
13. Trithyrodinium druggii
14. Palaeocystoditiium benjaminii
15. Hystrichosphaeridium tubiferum
16. Cordosphaeridium fibrospinosum
17. Form A sp. 1

18. Diphyes colligerum

19. Spinifcrites ramosa var. membratiacea
20. Cyclonephelium sp. 1

21. Cassidium fragilis

22. Membranosphaera maastrichtica

23. Palacohystrichophora infiisorioides
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24. Micrhystrid'ium densispinum

25. M. inconspicuurn

26. M. piliferum

27. M. fragile

28. M. cupcplos

29. Genus A sp. A
30. Palacostomocystis laevigata

31. Ptcrospermopsis australiensis

Spores
32. Schizosporis cooksoni

33. S. parvus
34. Laevigatosporitcs ovatus

35. Polypodiisporites favus

36. Todisporites cf. T. minor

37. Deltoidospora diaphana

38. Alsophilidites kcrguelensis

39. Gleicliejiiidites senonicus

40. Stercisporitcs mitiquasporites

41. Cingulatisporiies dakotaensis

42. Fo'veosporites canalis

43. Conbaculalisporites undulatus

44. Undidatisporites rugulatus

45. Hamulatisports hamulatis

46. Cicatricosisporites dorogensis

47. Appendicisporitcs cf. ^. dentimarginatus

48. Foveasporis triangulus

49. Zlivisporis novomexicanum
50. Lycopodiumsporites austroclavatidites

51. iS/jJAT minor
52. 5. major
53. Azolla sp.

Gymnosperms
54. Inapcrturopollenites dubius

55. /. atlanticus

56. Laricoidites magnus
57. L. gigantus

58. Araucariacites limbatus

59. Taxodiaceaepollenites hiatus

60. Cycadopites follicularis

61. C pseudolatus

62. Monosulcites scabratus

63. Eucommiidites couperi

64. Equisetosporites ovatus

65. Vitreisporites pallidus

66. Phyllocladidites maivsonii

67. Podocarpidites maximus
68. Cedripites parvus
69. Abietineacpollenites foveoreticulatus

70. Alisporites grandis
71. Rugubivesiculites floridus

72. Tsugaepollenitcs igniculus

73. QuadripolUs krempii
74. Classopollis classoides

75. Spermatites sp.

Angiosperms
76. Arecipites reticulatus

77. Liliacidites leei
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78. L. compUxus
79. TricolpopollcnUes pari'ulus

80. T. microscabraius

81. T. microreiiculatus

82. T. clavireticulatus

83. T. ddiclai'atus

84. T. compactus
85. Tricolpites mutabilis

86. T. psUascabratus
87. T. lillci

88. r. rctictilatus

89. r bathyrcticulatus

90. r. anguloluminosus
91. Fraxinnipollfnites 'variabilis

92. CraniucUia rumseyensis
93. Jlcxpollfnitcs compactus
94. Ericaccoipollenitcs rallus

95. Aquilapollcnites polaris

96. A. pulcher

97. /?. striatus

98. ^. rcticulatus

99. Cupulifcroipollcnites pusillus

100. Tricolporopollenites affluens
101. Cupanieidites major
102. Engelhardtioiditcs miuutus
103. Triporopollcnites sp. B
104. T. rugatus
105. ConclavipoUis ivolfcreekensis

106. SporopoUis cf. ?. laqucaejormis
107. Plicapollis sp.

108. Trudopollis mcekcri
109. Protfacidites rctusus

110. P. thalmanni
111. Ulmipollcnites granulatus
112. Alnipolleiiites quadrapollenites
113. Erdtmanipollis pachysandroides

DESCRIPTIONS

The palynomorph descriptions consist of the generic citation,

the type species of the genus, the species citation and synonomy, a

discussion, the suggested affinities, and the occurrence and Almond
Formation distribution. The discussion includes the size range, a

notation of important morphology, comparisons with closely related

species, and the justification of any new combinations. The
known stratigraphic range of each species is given as it has been
interpreted from the literature. The occurrences given are in general

limited to the Upper Cretaceous-lower Tertiary of North America
and are not meant to be all inclusive. The descriptions of new
species include a diagnosis, formal description, and a holotype

designation.
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Genus PEDIASTRUM Meyer, 1829

Type species: Unknown.

Pediastrum paieogeneites Wilson and Hoffmeister, 1953 PI. 1, fig. 1

1953. Pidiastrum paieogeneites Wilson and Hoffmeister, p. 756, pi. 1, figs. 7, 8.

Discussion. — The size range of the coenobia was 43 (65) 86/t

based on six specimens. To the author's knowledge a form genus

has not been proposed for fossil specimens related to this living

genus.

Suggested ajjinities.— Hydrodictyaceae, Pediastrum.

Occurrervce.— Upper Campanian-Eocene (.''). "Lower Forma-

tion", Tertiary (probably Eocene), Sumatra (Wilson and Hoff-

meister, 1953); lower Dos Palos Shale, upper Moreno Formation,

Maestrichtian-Danian, California (Drugg, 1967). This species oc-

curs in the lower and upper Almond Formation.

Genus BOTRYOCOCCUS Kutzing, 1849

Type species: Bo/rjoroffMj braunii Kutzing, 1849.

Botryococcus sp. A PI. 1, figs. 2a, 2b

Discussion.— The sizes of the two colonies observed were 34/a

and 79^. The presence of Botryococcus in sediments has been dis-

cussed by Cookson (1953), Traverse (1955), and Tschudy (1961).

To the author's knowledge a form genus has not been proposed for

fossil specimens related to this living genus.

Suggested ajjinities. — Botryococcaceae, Botryococcus braunii

Kutzing.

Occurrence. — Cretaceous-Tertiary. Upper Cretaceous and

lower Tertiary, Montana (Norton and Hall, 1969). This species is

rare in the upper Almond Formation.

Genus PALAMBAGES O. Wetzei, 1961

Types species: Palambagcs inorulosa O. Wetzel, 1961.

Palambages form A Manum and Cookson, 1964 PI. 1, fig. 3

1964. Palambages form A Manum and Cookson, p. 24, pi. VII, figs. 3-6.

1967. Palambages sp. Drugg, p. 12, pi. 1, fig. 2.

Discussion. — Manum and Cookson (1964) indicated that P.

form A is comparable to P. morulosa but did not place it in that

species because the ornamentation of the wall of P. morulosa was
not known. P. form A was described as "smooth to very finely
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granular." Specimens from the Almond Formation are psilate. The

size of the individuals is about IO/jl. The size range of the colonies

(ca. 30 individuals) was 79 (82) 86/a for the three colonies which

were measured.

Suggested affinities. — Algae.'', Chlorococcales?

Occurrence.— Upper Cretaceous. Upper Moreno Formation,

Maestrichtian-Danian, California (Drugg, 1967). This species oc-

curs in the lower and upper Almond Formation.

Genus DINOGYMNIUM Evitt, Clarke, and Verdier, 1967

Type species: Dinogyimiium acum'uuilum Evitt, Clarke, and Verdier, 1967.

Dinogymnium nelsonense (Cookson) Evitt, Clarke, and Verdier, 1967
PI. 2, fig. 4

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

1967. Dinogymnium nelsonense (Cookson), Evitt, Clarke, and Verdier, p. 5.

Discussion. — The observed size range was 50 (63) 72 /i for

three specimens.

Suggested affinities. — Gymnodiniaceae.

Occurrence.— Upper Campanian-Paleocene. Cannonball Mem-
ber, Fort Union Formation, Paleocene, South Dakota (Stanley,

1965); upper Moreno Formation, Maestrichtian, California (Drugg,

1967); Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967). This

species occurs only in Section 14 of the upper Almond Formation.

Dinogymnium sp. 1 PI. 2, figs. 5, 6

1967. Gymnodinium sp. 1 Zaitzeff, p. 83, pi. 21, figs. 1-4, unpublished.

Discussion.— The observed size range was 32 (34) 37/i. for

eight specimens.

Suggested affinities.— Gymnodiniaceae.

Occurrence. — Upper Campanian-Maestrichtian. Corsicana and

Escondido Formations, Navarro Group, Maestrichtian, Texas

(Zaitzeff, 1967). This species occurs in the upper Almond Forma-

tion.

Genus DEFLANDREA Eisenack, 1933

Type species: Deflandrra phospltorilica Eisenack, 1938.

Deflandrea microgranulata Stanley, 1965 PI. 2, fig. 7

1965. Deflandrea microgranulata Stanley, p. 219, pi. 19, figs. 4-6.

Disctission. — The slightly smaller size of this species distin-

guished it from D. ventriosa Alberti, 1959 which has a size range
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of 65-7Six. D. obscura Drugg, 1967, with a size range of 45-60/x,

closely resembles D. microgranidata but is separated by its "non-

granular cyst". D. microgranidata has a microgranulate (±.3fi)

endophram. The observed size range was 32 (43) 54/* for 13 speci-

mens.

Suggested ajjhiities. — Deflandreaceae.

Occurrence. — Upper Campanian-Paleocene. Cannonball Mem-
ber, Fort Union Formation, Paleocene, South Dakota (Stanley,

1965); Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967);

Upper Cretaceous.^ or Paleocene.'', Montana (Oltz, 1969). This

species occurs in the lower and upper Almond Formation.

Deflandrea cf. D. pirnaensis Alberti, 1959 Pi. 2, figs. 8-11

1959. Deflandrea pirnaensis Alberti, p. 100, pi. 8, figs. 1-5.

1960. Scriniodinimn cooksonae Anderson, p. 30, pi. IX, figs. 1-3.

Discussion.— The outline of the periphragm is polygonal to al-

most rhombic. The periphragm exhibits scattered granules (rtl/z.

in diameter). The second antapical horn is reduced to fairly well

developed in some specimens. The cingulum is well developed and

wide. The longitudinal furrow is obscure. The endophragm is circu-

lar and smaller than the periphragm. The archeopyle is obscure in

some specimens (PI. 2, fig. 10), but in most specimens it involves

a single intercalary plate (PI. 2, fig. 9) which may be attached

or detached and found in the interior or missing. Archeopyle forma-

tion may also involve the flaplike detachment of the adjacent pre-

cingular plate (PI. 2, fig. 8). A comparable opening is present in

the endophragm. The observed size range was 58 {67) S2ix for 16

specimens.

The Almond Formation specimens are comparable to D.

pirnaensis as defined by Alberti (1959). An archeopyle was not

observed in Alberti's specimens. The size range was 80 to 106/i.

Sarjeant and Anderson (1969) have attributed poorly pre-

served specimens ranging from 75-80/1 to D. piraensis. They indicate

an attached single-plate intercalary archeopyle for their specimens.

This species is only tentatively assigned to D. piraensis due

to the uncertainty regarding the archeopyle and the slightly smaller

size.

Suggested affinities. — Deflandreaceae.

Occurrence. — Turonian - Maestrichtian. Turonian - Coniacian^
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Germany (Albert!, 1959); Lewis Shale, Maestrichtian, New Mexico

(Anderson, 1960 and Sarjeant and Anderson, 1969); ?(Deflandre

and Deflandre, 1965). This species occurs in the lower and upper

Almond Formation.

Deflandrea cooksoni Alberti, 1959 Pi- 3, figS- 12, 13

1959. Deflandrea cooksoni Alberti, p. 97, pi. 9, figs. 1-6.

DuctwJJo^. — Considerable variation in shape exists in this

species as a result of the development of the "shoulder" of the

epitheca. The endophragm is usually wider (transverse dimension)

than it is long resulting in a three-part shape of the outline. D.

cooksoni is distinct from D. tripartita Cookson and Eisenack, 1960,

which it closely resembles, and D. cincta Cookson and Eisenack,

1958, in that it does not exhibit an obvious girdle. Specimens desig-

nated D. cf. D. cooksoni by Manum and Cookson (1964) are dis-

tinctly different in shape and should be excluded from the species.

Specimens designated D. cf. D. cooksoni by Clarke and Verdier

(1967) have a distinct girdle and should also be excluded. The ob-

served size range for this species was 72 (89) 118/. for 12 specimens.

Suggested affinities.— Deflandreaceae.

Occurrence. — Upper Senonlan-Danian. Upper Senonian, Ger-

many (Alberti, 1959); upper Moreno Formation, Maestrichtian-

Danian, California (Drugg, 1967). This species occurs in the upper

Almond Formation.

Deflandrea magnifica Stanley, 1965 PI- 3, fig. 14

1965. Deflandrea magnifica Stanley, p. 218, pi. 20, figs. 1-6.

Discussion. — The observed size range was 86 (106) 123/x for

nine specimens.

Suggested affinities.— Deflandreaceae.

Occurrence. — Upper Campanian-Paleocene. Cannonball Mem-

ber, Fort Union Formation, Paleocene, South Dakota (Stanley,

1965); upper Moreno Formation, Maestrichtian-Danian, California

(Drugg, 1967); Navarro Group, Maestrichtian, Texas (Zaitzeff,

1967). This species occurs in the upper Almond Formation.

Deflandrea pannucea Stanley, 1965 PI- 4, fig. 15

1965. Deflandrea pannucea Stanley, p. 220, pi, 22, figs. 1-4, 8-10.
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Discussion.— The size range of the periphragm, including

horns, was 104 (129) 144/x while the endophragm was 61 (70) 84/a

for six specimens.

Suggested affinities. — Deflandreaceae.

Occurrence. — Upper Campanian-Paleocene. Cannonball Mem-
ber, P'ort Union Formation, Paleocene, South Dakota (Stanley,

1965); Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967). This

species occurs in the upper Almond Formation.

Deflandrea cf. D. verrucosa Manum, 1963 PI. 4, fig. 16

1963. Deflandrea verrucosa Manum, p. 60, pi. Ill, figs. 1-4.

Discussion. — The size, verrucate ornamentation, and hexa-

gonal intercalary archeopyle are comparable to those of D. verruco-

sa, 112 (124) 135^. A point of difference is the more fully expanded

endophram seen in the Almond Formation specimens. A definite

assignment has not been made because only three incomplete

specimens have been found, and none exhibits the "shoulders" of

the expanded periphragm above the endophragm or the apical

horn. The sizes observed were 86^., 94ju, and 124^ in length. The

average length was lOl/t.

Suggested affi^iities. — Deflandreaceae.

Occurrence. — Cenomanian.^-Campanian. Lower Upper Cre-

taceous to mid-Upper Cretaceous, Graham and Ellef Ringnes

Islands, Arctic Canada (Manum, 1963 and Manum and Cookson,

1964). This species occurs only in Sample 66W218 of Section 14 of

the upper Almond Formation.

Genus SPINIDINIUM Cookson and Eisenack, 1962

Type species: Spinidifiium stylonifcrum Cookson and Eisenack, 1962.

Spinidinium densispinatum Stanley, 1965 PL 4, fig. 17

1965. Spinidinium densispinatum Stanley, p. 226, pi. 21, figs. 1-5.

1965. Spinidinium microccratum Stanley, p. 227, pi. 22, figs. 5-6.

Discussion. — Variations in shape, density of the spine coat, and

length of the apical horn were used to distinguish S. densispinatum

and S. microceratuTtv by Stanley (1965). It is here suggested that

the differences are so slight that two species are not warranted, and

that S. inicroceratum be placed in synonymy with S. densispinatum.

The Almond Formation specimens are encompassed by the following

description: the test is covered with sharp curved spines, 1.5-2/* in
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length; the apical horn is 5-10/x long; two antapical horns are present,

one about 8^ long and a shorter one, 1-4/a long; the girdle is about

6fx wide with spine covered flanges at each side; a longitudinal furrow

is not obvious, but one is suggested by folding, the archeopyle is

intercalary and polygonal in outline; the overall length is 48 (59)

67IX for eight specimens; excluding the horns, the length is 37 (44)

50^, and the width is 42 (45) 64,u.

Suggested ajjinhies. — Deflandreaceac.

Occurrence. — Upper Campanian-Maestrichtlan. Cannonball

Member, Fort Union Formation, Paleocene, South Dakota (Stanley,

1965); upper Moreno Formation, Danian, California (Drugg, 1967),

Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967). This species

occurs throughout the Almond Formation.

Genus TRITHYRODINIUM Drugg emend. Davey, 1969

T\pe species: Triihyrodin'ium cvitt'ii Drugg, 1967.

Trithyrodinium druggii Stone, n. sp. PI. 5, figs. 18-19A

Diagnosis. — The distinctive endoblast is scabrate-granulate

and exhibits apical and antapical tufts of granules. The archeopyle

as observed on the endophragm is formed by the removal of three

intercalary plates (la, 2a, 3a inferred) which may become disasso-

ciated.

Description. — The periphram is thin (less than 1/x) and

smooth. An apical horn about 28/* in length is present. Two shorter

antapical horns are present. A cingulum and sulcus are not known

to be present. The periblast contains a rounded endoblast. The

endophram is scabrate with tufts of larger granules (ca. 1/t) on the

apical and antapical ends. As observed on the endoblast, an inter-

calary archeopyle is formed by the removal of three plates which

may become disassociated. Additional tabulation has not been ob-

served. The range of the length of the periphragm is 95 (108) 130/x

for three specimens. The width of the periphragm is about 62fi. The
size range of the length of the endophragm is 58 (69) 81/x for 17

specimens.

Holotype. — ?hte 5, figure 18. Slide No. 3109A1, Coor. 43.2-

118.6, Collection No. 66W231, Section 14, Almond Formation, Late

Campanian, Sec. 36, T20N, RIOIW and Sec. 31, T20N, RIOIW,
Sweetwater County, Wyoming.
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Discussion.— Three specimens with a periphragm and endo-

phragm were observed. The exact nature of the antapical horns is

not known. The free endoblasts are abundant. T. evittii Drugg

is a comparable species, but it differs in having a finely punctate

endophragm and in exhibiting a cingulum on the periblast. Speci-

mens of T. evittii have been observed to have separated opercular

plates (Drugg 1971, personal communication). The species is named

for Warren S. Drugg.

Suggested affinities. — Deflandreaceae.

Occurrence. — Upper Campanian. This species is abundant in

the upper Almond Formation and absent from the lower Almond

Formation.

Genus PALAEOCYSTODINIUM Alberti, 1961

Type species: Palacocystodinium goIzo<wense Alberti, 1961.

Palaeocystodinium benjaminii Drugg, 1967
PI. 5, fig. 20; PI. 6, fig. 21

1967. Palaeocystodinium benjaminii Drugg, p. 31, pi. 3, fig. 1.

1967. S'valbardella cf. S. Hdiae (Gorka), Zaitzeff, p. 102, pi. 30, figs. 9-9a, pi.

31, fig. 1, unpublished.

Discussion. — Six specimens were observed from the Almond

Formation. They exhibit an inner body, apical horn, and an antapical

horn which has a rudimentary second antapical horn bifurcating

from it. The archeopyle is occasionally obscured by longitudinal

folding. Hairs were not observed on the apical horn. The overall

length was 183-236/i (average 213/i,) for six specimens. The inner

body is about 133/i, in length. The width is about 54(U.

Suggested affinities.— Deflandreaceae.^

Occurrence. — Upper Campanian-Danian. Upper Moreno

Formation, Maestrichtian-Danian, California (Drugg, 1967);

Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967). This species

occurs in the upper Almond Formation.

Genus HYSTRICHOSPHAERIDIUM, Deflandre emend. Eisenack, 1958

Type species: Hystrichosphaeridium tuhiferum (Ehrenberg), Deflandre,
1937.

Hystrichosphaeridium tubiferum (Ehrenberg), Deflandre, 1937
PI. 6, figs. 22-24

1838. Xanihidium tubiferum Ehrenberg, pi. 1, fig. 16.

1933. Hystrichosphaera tubifera (Ehrenberg), Wetzel, p. 40, pi. 4, fig. 16.

1937. Hystrichosphaeridium tubiferum (Ehrenberg), Deflandre, p. 68.
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Discussion. — The observed size of the central body was 34

(43) 49/x for nine specimens. The processes were 16-20/i in length.

Suggested affinities. — Hystrichosphaeridiaceae.

Occurrence. — Cenomanian-middle Miocene. Cannonball Mem-
ber, Fort Union Formation, Paleocene, South Dakota (Stanley,

1965); Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967);

upper Moreno Formation, Maestrichtian-Danian, California (Drugg,

1967). This species occurs in the upper Almond Formation.

Genus CORDOSPHAERIDIUM Eiscnack, 1963

Type species: Cordosphaeridium inodes (Klumpp), Eisenack, 1963.

Cordosphaeridium fibrospinosum Davey, et al., 1966 PI. 7, figs. 25

1965. Hystrichospliarridiutn modes Klumpp. Stanley, p. 231, pi. 25, figs. 1-6.

1966. Cordosphacridhun fibrospinosum Davey, ct al., p. 86, pi. 5, fig. 5.

Discussion. — The maximum diameter of the central body varies

from 66-94/A, with an average of SI/jl. The width of the processes

varies from ll-SOfj. and the length from 14-29/1, as observed on six

specimens.

Suggested affinities. — Flystrichosphaeridiaceae.

Occurrence. — Upper Campanian-Eocene. Cannonball Member,

Fort Union Formation, Paleocene, South Dakota, (as H. inodes).

(Stanley, 1965); London Clay, Eocene, England (Davey, et al.,

1966); Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967). This

species occurs in the upper Almond Formation.

Genus FORMA A Zaitzeff, 1967

"Type species": Forma A sp. 1 Zaitzeff, 1967, unpublished.

Forma A sp. 1 Zaitzeff, 1967 PI. 7, figs. 26-27

1967. Forma A sp. 1 Zaitzeff, p. 54, pi. 9, fig. 12; pi. 10, figs. 1-10, unpublished.

Discussion.— The observed size range was 52 (62) 72/a for

seven specimens.

Suggested affinities. — Hystrichosphaeridiaceae.

Occurrence. — Upper Campanian - Maestrichtian. Navarro

Group, Maestrichtian, Texas (Zaitzeff, 1967). This species occurs

in the lower and upper Almond Formation.

Genus DIPHYES Cookson emend. Davey, et al, 1966

Type species: Diphycs colligcrum (Deflandre and Cookson), Cookson

emend. Davey, et ah, 1966.
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Diphyes colligerum (Deflandre and Cookson), Cookson emend.
Davey, rt al.. 1966 PI. 8, fig. 28-29

1953. llystrkhosphaeridium sp. C Cookson, p. 115, pi. 2, figs. 29, 30.

1955. Hystrichosphacridium colligerum Deflandre and Cookson, p. 278, pi. 7,

fiff. 3.

1963. Baltisphacridium colligerum (Deflandre and Cookson), Dovvnie and

Sarjeant, pi. 91.

1965. Diphyes colligerum (Deflandre and Cookson), Cookson, p. 86, pi. 9,

figs. 1-12.

1966. Diphyes colligerum (Deflandre and Cookson), Cookson emend. Davey,

et al., p. 96, pi. 4, figs. 2, 3.

Discussion. — This species is distinguished by a single large

antapical process. The size range of the test was 28 (32) 36/* for

six specimens.

Suggested affinities. — Hystrichosphaeridiaceae.

Occurrence. — Senonian.^-Eocene. Cannonball Member, Fort

Union Formation, Paleocene, South Dakota (Stanley, 1965);

Navarro Group, Maestrichtian, Texas (Zaitzeff, 1967). This species

occurs in the upper Almond Formation.

Genus SPINIFERITES Mantell ex Loeblich and Loeblich emend.
Sarjeant, 1970

Type species: Spinifcrites ramosus (Ehrenberg), Mantell, 1850.

Spiniferites ramosa var. membranacea (Rossignol), Sarjeant, 1970
PL 8, fig. 30

1964. Hystrichosphaera furcata var. membranacea Rossignol, p. 86, pi. 1, figs.

4, 9, 10; pi. 3, figs. 7, 12.

1966. Hystrichosphaera ramosa var. membranacea (Rossignol), Davey, et al.,

p. 37, pi. 4, fig. 8, 12.

1967. Hystrichosphaera aff. H. furcata (Ehrenberg), Wetzel. Drugg, p. 23,

pi. 4, figs. 3, 4.

1967. Hystrichosphaera sp. 1 Zaitzeff, p. 64, pi. 15, figs. 7-9, unpublished.
1970. Spiniferites membranaceus (Rossignol), Sarjeant, p. 76.

Discussion.— The observed size range of the central body was

33 (39) 58/x while the processes were about 12ju long as measured

on eight specimens. The genus Spiniferites Mantell, 1850 will ap-

parently be accepted as having priority (Wall and Dale, 1970;

Sarjeant, 1970).

Stcggested affinities. — Spiniferitaceae.

Occurrence. — Upper Campanian-Pleistocene. Upper Moreno
Formation, Maestrichtian-Danian, California (Drugg, 1967); Corsi-

cana Formation, Navarro Group, Maestrichtian, Texas (Zaitzeff,

1967). This species occurs in the upper Almond Formation.
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Genus CYCLONEPHELIUM Deflandre and Cookson emend.

Davey, et al, 1966

Type species: Cyclonephclinm compactum Deflandre and Cookson, 1955.

Cyclonephelium sp. 1 Zaitzeff, 1967 PI. 8, fig. 31

1967. Cycloncphcliujti sp. 1 Zaitzeff, p. 68, pi. 16, figs. 1-3, unpublished.

Discussion. — The tabulation of this species was not deter-

mined. It exhibits a chorate cyst of the Cylonephelium-Areoligera

type with an apical archeopyle and anastomosing processes 12-40/*

in length. The operculum was detached in all specimens examined.

The size range of the maximum dimension, exclusive of the pro-

cesses, was 58 (61) 65/A for five specimens.

Suggested ajjinities.— Areoligeraceae.

Occurrence. — Upper Campanian - Maestrichtian. Navarro

Group, Mastrichtian, Texas (Zaitzeff, 1967). This species occurs

in the upper Almond Formation.

Genus CASSIDIUM Drugg, 1967

Type species: Cassidium fragilis (Harris), Drugg, 1967.

Cassidium fragilis (Harris), Drugg, 1967 PI. 8, figs. 32-33

1965. Ovoiditcs fragilis Harris, p. 97, pi. 27, figs. 4-5.

1967. Cassidium jracjilis (Harris), Drugg, p 22, pi. 3, figs. 15-16.

Discussion. — The observed size range was 52 (56) 66^1 on five

specimens.

Suggested ajjinities.— Areoligeraceae.

Occurrence.— Upper Campanian - Paleocene. Pebble Point

Formation and Dilwyn Clay, Paleocene, Australia (Harris, 1965);

upper Moreno Formation, Maestrichtian-Danian, California (Drugg,

1967). This species occurs in the lower Almond Formation.

Genus MEMBRANOSPHAERA Samoilovitch ex

Norris and Sarjeant emend. Drugg, 1967

Type species: Mcmbranospharra maastrichtica Samoilovitch, 1961.

Membranosphaera maastrichtica Samoilovitch, 1961 Pi. 9, figs. 34-35

1961. Membranosphaera maastrichtica Samoilovitch in Samoilovitch and
Mtchedlishvili, p. 252, pi. 83, figs. 1, 2.

Discussion.— The observed size range was 30 (34) 39|u, for

five specimens. Zaitzeff's (1967) Hexagonijera sp. 1 may be refer-

able to this species.
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Suggested affinities. — Unknown.

Occurrence. — Upper Cretaceous. Upper Moreno Formation,

Maestrichtian-Danian, California (Drugg, 1967). This species oc-

curs in the lower and upper Almond Formation.

Genus PALAEOHYSTRICHOPHORA Deflandre emend.

Deflandre and Cookson, 1955

Type species: Palaeohystrichophora infusoiioides Deflandre, 1934.

Palaeohystrichophora infusorioides Deflandre, 1934 PI. 9, fig. 36

1934. Palaeohystrichophora infusorioides Deflandre, p. 967, fig. 8.

Discussion.— The figured specimen appears to exhibit a girdle

and sulcus. They are not apparent on other specimens. The ob-

served size range exclusive of the hairlike processes was 33 (49)

S9p. for five specimens.

Suggested affinities. — Unknown.

Occurrence. — Cenomanian - Maestrichtian. Navarro Group,

Maestrichtian, Texas (Zaitzeff, 1967). This species occurs in the

lower and upper Almond Formation.

Genus MICRHYSTRIDIUM Deflandre

emend. Downie and Sarjeant, 1963

Type species: Alicrhystridiiim inconspicuum (Deflandre), Deflandre, 1937.

Micrhystridium densispinum Valensi, 1953 PI. 9, fig. 37

1953. Micrhystridium densispinum Valensi, p. 52, pi. XIV, fig. 4.

Discussion. — This species is distinguished by a dense coat of

short spines, 1-2. 5/z in length. "It differs from M. castaninum by its

denser, shorter, and sharper spines which never appear flexible"

(Valensi, 1953, p. 53). This size range of three Almond Formation

specimens was \\-\2jx exclusive of the spines.

Suggested affinities. — Unknown.

Occurrence. — Middle Jurassic-Campanian. Middle Jurassic,

France (Valensi, 1953). Drugg (1967) reported the similar species,

M. castaninum, from the Maestrichtian-Danian of California. M.
densispinum^ occurs in the lower and upper Almond Formation.

Micrhystridium inconspicuum (Deflandre), Deflandre, 1937 PI. 9, fig. 38

1935. Hystrichosphaera inconspicua Deflandre, p. 233, pi. IX, figs. 11, 12.

1937. Micrhystridium inconspicuum Deflandre, p. 80, pi. XII, figs. 11-13.
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Discussion. — The observed size range was 10 (13) 17/i for the

test of seven specimens. The spines are about 2.5/x in length.

Suggested affinities. — Unknown.

Occurrence.— Middle Jurassic-Campanian. The species has

been reported from the Middle Jurassic (Deflandre, 1947) and Ceno-

manian (Deflandre, 1937). The species occurs in the upper Almond

Formation.

Micrhystridium piliferum Deflandre, 1937 PI. 9, fig. 39

193 7. Micrhystridium piliferum Deflandre, p. 80, pi. XV, fig. 11.

Discussion. — The observed size range was 19 (21) lAjx for six

specimens.

Suggested affinities. — Unknown.

Occurrence.— Cretaceous-Paleocene. Silex 8, Cretaceous, Paris,

France (Deflandre, 1937); Cannonball Member, Fort Union Forma-

tion, Paleocene, South Dakota (Stanley, 1965). This species occurs

in the upper Almond Formation.

Micrhystridium fragile Deflandre, 1947 PI. 9, fig. 40

1947. Micrhystridium fragile Deflandre, p. 8, figs. 13-18.

Discussion-. — The observed size range of the test was 16 (18)

20/x for three specimens. The spines are about 16/a in length.

Suggested affinities. — Unknown.

Occurrence. — Middle Jurassic - Oligocene. Upper Moreno

Formation, Danian, California (Drugg, 1967); Navarro Group,

Maestrichtian, Texas (Zaitzeff, 1967). This species occurs in the

upper Almond Formation.

Micrhystridium eupeplos Valensi, 1953 PI. 9, fig. 41

1953. Micrhystridium eupeplos Valensi, p. 48, pi. XIV, figs. 14, 15, 19.

1954. Cymatiosphaera eupeplos (Valensi), Deflandre, p. 253.

Discussion. — This species exhibits an irregular reticulum. The
muri are thin and membranous. The junctions of muri are dark

and extend as "processes" beyond the margin of the test. The size

range of the test is 12 (16) 18/x for six specimens.

Suggested affinities. — Unknown.
Occurrence. — Middle Jurassic-Campanian. This species was

described from the Middle Jurassic of France. Late Cretaceous oc-

currences are not known. It occurs in the lower and upper Almond
Formation.
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Genus A

"Type species": Genus A, species A.

Genus A, species A PI. 9, figs. 42, 43

Diagnosis.— Spherical body with a coarse reticulum.

Description. — Specimens consist of a compressed spherical

body with a coarse reticulum. The central body is dark, psilate?,

and without openings. The reticulum extends about 3fx, above the

body as measured at the periphery. The reticulum is composed of

muri ±2.5/* wide and lumina ztS/x in diameter. The reticulum is

supported by rods about 2.5ju, in diameter. The rods connect at their

tips forming the reticulum. The muri are 2/x high above the rods and

minute (l/x) spines project as crests on the muri. The size range

of the maximum dimension of five specimens is 26 (30) 34/x. The

holotype is 32/* overall and has a 28/i central body.

Holotype. — ?\. 9, fig. 42. Slide 3131 AIV, Coor. 44.8-113.7,

Collection No. 66W468, Section 9, upper Almond Formation, Late

Campanian, Sec. 12, T19N, RIOIW, Sweetwater County, Wyoming.

Discussion. — This species is grossly comparable to Retictdator-

sporites jardimis Brenner, 1968, but this species has a coarser more

closely appressed reticulum and a slightly smaller size.

Suggested affinities.— Unknown.

Occurrence. — Coniacian - Campanian, Mancos Formation,

Coniacian-Santonian, Colorado (Thompson, 1969). This species

occurs in the lower Almond Formation.

Genus PALAEOSTOMOCYSTIS Deflandre, 1937

Type species: Palarostomocyslis reticulata Deflandre, 1937.

Palaeostomocystis laevigata Drugg, 1967 PI. 9, fig. 44

1967. Palaeostomocystis laevigata Drugg, p. 35, pi. 6, figs. 14, 15.

Discussion. — The observed size range was 38 (46) S2/t for six

specimens.

Suggested affinities.— Unknown.

Occurrence. — Upper Campanian - Danian. Upper Moreno
Formation, Maestrichtian-Danian, California (Drugg, 1967). This

species occurs in the upper Almond Formation.

Genus PTEROSPERMOPSIS Wetzel, 1952

Type species: Pterospermopsis danica Wetzel, 1952.

Pterospermopsis australlensis Deflandre and Cookson, 1955 PI. 9, fig. 45

1955. Pterospermopsis australiensis Deflandre and Cookson, p. 286, pi. 3, fig. 4.
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Discussion.— Warren (1967) discussed the status of various

species of Pterospermopsis. The size range was 24 (45) 88/a overall

and 14 (26) SSfj. for the body of the five specimens observed.

Suggested affinities.— Pterosperma, an extant phytoplankter

of uncertain taxonomic placement. Pteromorphitae, the acritarch

subgroup of Downie, Evitt, and Sarjeant (1963).

Occurrence.— Jurassic-Tertiary. Fort Union Formation, Paleo-

cene, South Dakota (Stanley, 1965). This species occurs in the

upper Almond Formation.

Genus SCHIZOSPORIS Cookson and Dettmann, 1959

Type species: Schizosporis reticulatus Cookson and Dettmann, 1959.

Schizosporis cooksoni Pocock, 1962 PI. 9, fig. 46

1962. Schizosporis cooksoni Pocock, p. 76, pi. 13, figs. 197, 198.

Discussion. — A two-layered exine was not apparent. Speci-

mens up to 56;a in maximum dimension are included here. Pocock

gave a size range of 32-42/x. The size range of this species should

be increased to 64/x making it continuous with S. parvus Cookson

and Dettmann, 1959. The observed size range was 38 (49) 56/n for

four specimens.

Suggested affinities.— Unknown. Cookson and Dettmann

( 1959) referred to the species of Schizosporis as alete spores. Sub-

sequent authors, e.g., Stanley (1965) considered them to be inaper-

turate pollen.

Occurrence. — Upper Jurassic-Campanian. Upper Vanguard

Formation, Mannville Group, Upper Jurassic-Lower Cretaceous,

western Canada (Pocock, 1962). This species occurs in the lower

and upper Almond Formation.

Schizosporis parvus Cookson and Dettmann, 1959 PI. 10, fig. 47

1959. Schizosporis parvus Cookson and Dettmann, p. 216, pi. 1, figs. 15-19.

1965. Schizosporis laevigatus Stanley, p. 268, pi. 23, figs. 6-7, pi. 37, figs. 4-5.

Discussion. — The observed size range was 83 (90) 98/x for

three specimens. A two-layered exine was not observed on these

specimens, presumably due to weathering.

Suggested affinities.— Unknown.
Occurrence. — Cretaceous - Paleocene. Albian - Cenomanian.?,

eastern Australia (Cookson and Dettmann, 1959); Mannville Group,

upper Neocomian, western Canada (Pocock, 1962); Mannville
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Group, BarremianP-Cenomanian?, Alberta (Singh, 1964); Cannon-

ball Member, Fort Union Formation, Paleocene, South Dakota (S.

laevigatus) (Stanley, 1965); Red Branch Member, Woodbine

Formation, Cenomanian, Oklahoma (Hedlund, 1966); "Walnut

Clay", Fredericksburg Group, Albian, Oklahoma, (Hedlund and

Norris, 1968); Dakota Sandstone, Cenomanian, Arizona (Agasie,

1969); Hell Creek Formation, uppermost Cretaceous and Tullock

Formation, Paleocene, Montana (Norton and Hall, 1969); Hell

Creek Formation, Maestrichtian and Tullock Formation, Paleocene,

Montana (Oltz, 1969). This species occurs in the lower and upper

Almond Formation.

Genus LAEVIGATOSPORITES (Ibrahim) Schopf,

Wilson and Bentall, 1944

Type species: Lacvigatosporites vulgaris (Ibrahim), Ibrahim, 1933.

Laevigatosporites ovatus Wilson and Webster, 1946 PI. 10, fig. 48

1946. Laevigatosporites ovatus Wilson and Webster, p. 273, fig. 5.

Discussion. — The observed size range was 30 (41) 59/^ for

nine specimens.

Suggested affinities.— Polypodiaceae.

Occurrence. — Upper Jurassic-Paleocene. Fort Union Series,

Paleocene, Carbon County, Montana (Wilson and Webster, 1946);

Comox Formation, Vancouver Island and Oldman Formation, Up-

per Cretaceous, Alberta, (Rouse, 1957); upper Vanguard Forma-

tion, Upper Jurassic, Mannville Group and Lower Cretaceous,

western Canada (Pocock, 1962); Mannville Group, Lower Cre-

taceous, Alberta (Singh, 1964); Hell Creek Formation, Upper Cre-

taceous and Fort Union Formation, Paleocene, South Dakota (Stan-

ley, 1965); Red Branch Member, Woodbine Formation, Ceno-

manian, Oklahoma (Hedlund, 1966); Edmonton Formation,

Maestrichtian, Alberta (Srivastava, 1966); upper Moreno Forma-

tion, Maestrichtian-Danian, California (Drugg 1967); Hell Creek

Formation, uppermost Cretaceous and Tullock and Lebo forma-

tions, Paleocene, Montana (Norton and Hall, 1969); Bearpaw, Fox

Hills, and Hell Creek formations, Maestrichtian and Tullock Forma-

tion, Paleocene, Montana (Oltz, 1969). This species occurs through-

out the Almond Formation.
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Genus POLYPODIISPORITES Potonie, 1934

T)pe species: Polypociiisporiti's favus (Potonie), Potonie, 1934.

Folypodiisporites favus (Potonie), Potonie, 1934 Pi. 10, figs. 49-50

1931. Polypodi'i{})-sporonitcs favus Potonie, p. 556, fig. 3.

1934. Polypodiisporitcs favus (Potonie), Potonie, p. 38, pi. 1, figs. 19-20.

1938. Polypod'tumsporitrs favus (Potonie), Thiergart, p. 295, pi. 22, fig. 14.

1953. Vcrrucatosporitrs favus (Potonie), Thomson and Pflug, p. 60, pi. 3, figs.

52-55, pi. 4, figs. 1-4.

1957. Polypodiaccacsporitcs favus (Potonie), Thiergart, 1938, Rouse, p. 364,

pi. 3, figs. 70-72.

1971. Rcticuloidosporites pscudomuiii Elsik, 1968. Leffingwell, p. 24, pi. 5,

figs, la, lb.

Discussion.— The synonomy follows that of Srivastava (1966).

The observed size range of the species was 44 (54) GSfx for five

specimens.

Suggested affinities.— Polypodiaceae and Dennstaedtiaceae.

Occurrence. — Upper Cretaceous-Tertiary. The precise strati-

graphic range has not been determined. Vermejo Formation,

Maestrichtian, Colorado (Clarke, 1963); Edmonton Formation,

Maestrichtian, Alberta, Canada (Srivastava, 1966); Lance Forma-

tion, Maestrichtian, and Fort Union Formation, Paleocene, Wyo-
ming, (Leffingwell, 1971). This species occurs in the upper Almond

Formation.

Genus TODISPORITES Couper, 1958

T3'pe species: Todisporitcs major Couper, 1958.

Todisporites cf. T. minor Couper, 1958 PI. 10, fig. 51

1958. Todisporitcs minor Couper, p. 135, pi. 16, figs. 9-10.

Discussion.— Two specimens were measured, each 25/a in

diameter. The size range as given by Couper (1958) is 32 (45) SOjx.

Although smaller, the Almond Formation specimens agree in other

characters.

Suggested affinities. — Osmundaceae, Todites.

Occurrence. — Middle Jurassic-Upper Cretaceous. Vermejo

Formation, Maestrichtian, Colorado (Clarke, 1963). This species

is rare in the upper Almond Formation.

Genus DELTOIDOSPORA Miner emend. Potonie, 1956

Type species: Dcltoidospora hallU Miner, 1935.

Deltoidospora diaphana Wilson and Webster, 1946 PI. 10, fig. 52

1946. Dt'ltoidospora diaphana Wilson and Webster, p. 273, fig. 3.

1965. Cardoiancjulina diaphana (Wilson and Webster), Stanley, p. 248, pi. 30,

figs. 17-21.
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Discussion.— The observed size range was 28 (37) 48/i based

on eight specimens.

Suggested affinities.— Gleicheniaceae.

Occurrence.— Upper Campanian-Paleocene. Fort Union Series,

Paleocene, Montana (Wilson and Webster, 1946); Hell Creek

Formation, uppermost Cretaceous and Fort Union Formation,

Paleocene, South Dakota (Stanley, 1965); Hell Creek Formation,

uppermost Cretaceous, Montana (Norton and Hall, 1969). This

species occurs throughout the Almond Formation.

Genus ALSOPHILIDITES Cookson ex Potonie, 1956

Type species: Alsoph'ilidites kerguclensls Cookson, 1947.

Alsophilidites kerguelensis Cookson, 1947 PI. 10, figs. 53

1947. Alsophilidites kerguelensis Cookson, p. 136, pi. XVI, fig. 69.

Discussion.— The size range was 20 (26) 37/* for five speci-

mens. The trilete rays extend to the equator and distinguish this

species from Deltoidospora diaphana which has shorter rays. There

is no equatorial thickening observed between the apices as in species

of Gleicheniidites.

Suggested affinities.— Dicksoniaceae?

Occurrence. — Upper Campanian-Tertiary. Tertiary, Kerguelen

(Cookson, 1947); Hell Creek Formation, Maestrichtian, and Fort

Union Formation, Paleocene, South Dakota (Stanley, 1965); Lebo

Formation, Paleocene, Montana (Norton and Hall, 1969); Tullock

Formation, Paleocene, Montana (Oltz, 1969). This species occurs

throughout the Almond Formation,

Genus GLEICHENIIDITES Ross ex Delcourt and Sprumont, 1955

Type species: Gleicheniidites senonicus Ross, 1949.

Gleicheniidites senonicus Ross, 1949 PI. 10, fig. 54

1949. Gleicheniidites senonicus Ross, p. 31, pi. 1, fig. 3.

1957. Gleichenia concavisporites Rouse, p. 363, pi. 2, figs. 36, 48; pi. 3, fig. 49.

1961. Gleichenia senonica (Ross), Grigorjeva in Samoilovitch, et al., p. 46, pi.

13, figs, la-b, 2a-b, 3a-b.

Discussion.— The observed size range was 19 (22) 26/* for

five specimens.

Suggested affinities.— Gleicheniaceae, Gleichenia.

Occurrence. — Jurasslc-Paleocene. This species is widely dis-

tributed In Jurassic and Cretaceous rocks. Upper Cretaceous and
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Paleocene occurrences include the following: Upper Cretaceous,

Scania, Sweden (Ross, 1949); Matawan and Monmouth Groups,

Senonian, Delaware and New Jersey (Gray and Groot, 1966); Red

Branch Member, Woodbine Formation, Cenomanian, Oklahoma

(Hedlund, 1966); Dakota Sandstone, Cenomanian, Arizona (Agasie,

1969); Bearpaw Shale, Fox Hills Sandstone and Hell Creek Forma-

tion, uppermost Cretaceous and Tullock and Lebo formations, Paleo-

cene, Montana (Norton and Hall, 1969). This species occurs

throughout the Almond Formation.

Genus STEREISPORITES Pflug, 1953

Type species: Stcreisporites stereoides (Potonie and Venitz), Pflug, 1953.

Stereisporites antiquasporites (Wilson and Webster), Dettmann, 1963
PI. 10, fig. 55

1946. Sphagnum antiquasporites Wilson and Webster, p. 273, fig. 2.

1953. Sphagnites australis (Cookson) forma parva Cookson, p. 464, pi. 2, figs.

25-26.

1956. Sphagnumsporites antiquasporites (Wilson and Webster), Potonie, p. 17.

1959. Sphagnum punctaesporites Rouse, p. 308, pi. 1, figs. 25-26.

1963. Stereisporites antiquasporites (Wilson and Webster), Dettmann, p. 25,

pi. 1, figs. 20-21.

Discussion. — As described by Dettmann (1963), this species

has a 1-2/jL equatorial thickening and a low, circular, distal polar

thickening, 6-8/x in diameter. The observed size range was 23 (26)

SOfx. based on six specimens.

Suggested affinities.— Bryophyta.

Occurrence. — This species is widely distributed in the Jurassic,

Cretaceous, and Tertiar}^ of the Northern Hemisphere and Southern

Hemisphere. Hell Creek Formation, Upper Cretaceous, and Fort

Union Formation, Paleocene, South Dakota (Stanley, 1965); Ed-

monton Formation, Maestrichtian, Alberta (Srivastava, 1966); up-

per Moreno Formation, Maestrichtian-Danian, California (Drugg,

1967); Fox Hills Sandstone and Hell Creek Formation, uppermost

Cretaceous, and Tullock Formation, Paleocene, Montana (Norton

and Hall, 1969); Bearpaw, Fox Hills and Hell Creek formations,

Maestrichtian, and Tullock Formation, Paleocene, Montana (Oltz,

1969). This species occurs throughout the Almond Formation.

Genus CINGULATISPORITES Pflug emend. Potonie, 1956

Type species: Cingulatisporites le'vispeciosus Pflug, 1953.

Cingulatisporites dakotaensis Stanley, 1965 PI. 10, fig. 56

1965. Cingulatisporites dakotaensis Stanley, p. 243, pi. 30, figs. 1-8.
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Discussion. — The observed size range was 26 (28) 30/x for

six specimens.

Suggested affinities. — Selaginellaceae, Selaginella.

Occurrence. — Upper Campanian-Paleocene. Hell Creek Forma-

tion, Maestrichtian and Ludlow Member, Fort Union Formation,

Paleocene, South Dakota (Stanley, 1965); Hell Creek Formation,

uppermost Cretaceous and Tullock Formation, Paleocene, Montana

(Norton and Hall, 1967, 1969); Edmonton Formation, Maestrich-

tian, Alberta, Canada (Snead, 1969); Tullock Formation, Paleocene,

Montana (Oltz, 1969). This species occurs in the lower Almond

Formation.

Genus FOVEOSPORITES Balme, 1957

Type species: Foveosporites canalis Balme, 1957.

Foveosporites canalis Balme, 1957 PI. 11, fig. 57

1957. Foveosporites canalis Balme, p. 17, pi. 1, figs. 15-17.

Discussion.— The observed size range was 32-45/a based on

two specimens.

Suggested affinities. — Lycopodiaceae. Balme (1957) referred

this species to the Lycopodium verticillatum group.

Occurrence. — Cretaceous. Donnybrook Sandstone, Lower Cre-

taceous.f', Perth Basin, Western Australia (Balme, 1957); Hell Creek

Formation, uppermost Cretaceous, South Dakota (Stanley, 1965).

This species is rare in the lower and upper Almond Formation.

Genus CONBACULATISPORITES Klaus, 1960

Type species: Conbaculatisporites mesozoicus Klaus, 1960.

Conbaculatisporites undulatus (Leffingwell), Stone, n. comb.
PI. 11, figs. 58-59

1971. Foraminisporis undulatus Leffingwell, p. 25, pi. 4, figs. 5a, 5b.

Description. — The spores are triapsidately triangular in shape

with strongly convex sides and well-rounded apices. The trilete

rays of the faint trilete mark extend 1/2 to 2/3 of the spore radius.

Lips are not present and the commissure is closed. A sparse coat

of essentially baculate projections is present on both the proximal

and distal surfaces. The projections may vary to clavate and a few

have blunt bifurcations at the tip. The baculae are ca. 2fx wide and

up to 2.5;U in length. The exine is slightly thickened at the equator

{l.Sfx). A size range of 34 (39) 44^ was observed on five specimens.
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Discussion. — This species is not considered to be cingulate.

It has been transferred to Conbacidatisporites because of its bacu-

late ornament and its triangular shape. It differs from C. mesozoicus

Klaus, 1960, in having a sparse coat of baculae and from Bacu-

latisporites comatwiensis (Cookson), Potonie, 1956, in having a

triangular shape as well as in the spacing of the baculae. The cingu-

late nature of Foraminisporis foranmds Krutzsch, 1959, and F.

zvonthaggietisis Dettman, 1963, which this species closely resembles,

is also questionable.

Suggested affinities. — Osmundaceae.

Occurrence. — Upper Campanian-Maestrichtian. Lance Forma-

tion, Maestrichtian, Wyoming (Leffingwell, 1971). This species

occurs in the lower and upper Almond Formation.

Genus UNDULATISPORITES Pflug, 1953

Type species: UnJulatisporitcs mlcrocutic Pflug in Thomson and Pflug,

1953.

Undulatisporites rugulatus Stone, n. sp. PI. 11, fig. 60

1966. Undulatisporites cf. U. undulapolus Brenner, 1963, Srivastava, p. 515,

pi. Ill, fig. 8.

Diagnosis.— A spore with undulating trilete rays and rugulate

ornamentation.

Discussion. — The rugulate ornamentation is sufficient basis for

a new species. The description remains as given by Srivastava

(1966). The size range of Almond Formation specimens is 22 (29)

38/A for three specimens.

Holotype. — V\. 11, fig. 60. Slide 1655-3, Coor. 44.3-119.3, Col-

lection No. 66W140, Section 8, lower Almond Formation, Late

Campanian, Sec. 12, T19N, RIOIW, Sweetwater County, Wyoming.
Suggested affinities.— "Pteridophyta".

Occurrence. — Upper Campanian-Maestrichtian. Edmonton
Formation, Maestrichtian, Alberta, Canada, (Srivastava, 1966).

This species occurs in the lower and upper Almond Formation.

Genus HAMULATISPORIS Krutzsch, 1959

Type species: Ilamulatisporis hamulatis Krutzsch, 1959.

Hamulatisporis hamulatis Krutzsch, 1959 PI. 11, fig. 61

1959. Hamulatisporis hamulatis Krutzsch, p. 157, pi. 29, figs. 326-328.

Discussion. — The observed size range was 27 (29) 31/i, for

three specimens.

Suggested affinities. — Lycopodiaceae, Lycopodium?
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Occurrence. — Upper Campanian-Eocene. Eocene, Germany

(Krutzsch, 1959); Hell Creek Formation, Maestrichtian, South

Dakota (Stanley, 1965); Fox Hills Formation, Maestrichtian, Mon-

tana (Norton and Hall, 1969); Edmonton Formation, Maestrich-

tian, Alberta, Canada (Snead, 1969); Bearpaw, Fox Hills, and Hell

Creek Formations, uppermost Cretaceous, and Tullock Formation,

Paleocene, Montana (Oltz, 1969). This species occurs in the lower

and upper Almond Formation.

Genus CICATRICOSISPORITES Potonie and Gelletich, 1933

Type species: Cicatricosispor'ttes dorogens'is Potonie and Gelletich, 1933.

Cicatricosisporites dorogensis Potonie and Gelletich, 1933 PI. 11, fig. 62

1933. Cicatricosisporites dorogensis Potonie and Gelletich, p. 522, pi, 1, figs. 1-5.

1951. Mohrioisporites dorogensis Potonie, p. 135, pi. 20, fig. 14.

1953. Mohrioisporites australiensis Cookson, p. 470, pi. 2, figs. 31-34.

1956. Cicatricosisporites australiensis (Cookson), Potonie, p. 48.

1961. Mohria dorogensis (Potonie), Markova in Samoilovitch, et al., p. 86, pi.

22, fig. 4.

Discussion.— Two specimens were observed, 38/* and 39/i, in

equatorial diameter.

Suggested affinities. — Schizaeaceae, Anemia.

Occurrence. — Jurassic-Tertiary. Oldman Formation, Upper

Cretaceous, Alberta, Canada (Rouse, 1957); upper Moreno Forma-

tion, Maestrichtian-Danian, California (Drugg, 1967); Hell Creek

Formation, Maestrichtian, Montana (Norton and Hall, 1969); Bear

Paw and Hell Creek Formations, Maestrichtian, and Tullock

Formation, Paleocene, Montana (Oltz, 1969), This species occurs

only in Sample 66W140 of Section 8 of the lower Almond and

Sample 66W105 of Section 4 of the upper Almond.

Genus APPENDICISPORITES Weyland and Krieger, 1953

Type species: Appendicisporites tricuspidatus Weyland and Krieger, 1953.

Appendicisporites of. A. dentimarginatus Brenner, 1963 PI. 11, fig. 63

1963. Appendicisporites dentimarginatus Brenner, p. 45, pi. 6, figs. 2-3.

Discussion.— The specimen illustrated here (60/x) and those

recorded by Clarke (1963) (63-80/a) are considerably larger than

Brenner's specimens, 22 (30) 34/*,

Suggested affinities.— Schizaeaceae, Anemia.

Occurrence.— Lower Cretaceous (Barremian)—lower Tertiary.
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Potomac Group, Barremian-AIbian, Maryland (Brenner, 1963);

Vermejo Formation, Maestrichtian, Colorado (Clarke, 1963); Mid-

way and Wilcox groups, lower Tertiary, Gulf Coast, U.S.A. (Fair-

child and Elsik, 1969). This species occurs in sample 66W133 of

the lower Almond Formation.

Genus FOVEASPORIS Krutzsch, 1959

Type species: Fo-veasporis jovearis Krutzsch, 1959.

Foveasporis triangulos Stanley, 1965 PI. 11, fig. 64

1965. Foveasporis triangulus Stanley, p. 239, pi. 27, figs. 18-22.

Discussion. — A single specimen, 56ju, in diameter, was found.

Suggested affinities.— Lycopodiaceae, Selaginella.

Occurrence. — Upper Campanian-Paleocene. Fort Union Forma-

tion, Paleocene, South Dakota (Stanley, 1965). This species was

found only in Sample 66W133 of Section 8 of the lower Almond

Formation.

Genus ZLIVISPORIS Pacltova, 1961

Type species: Zlwisporis blmicnsis Pacltova, 1961.

Zlivisporis novomexicanum (Anderson), Leffingwell, 1971 PL 11, fig. 65

1960. Lycopodium novomexicanus Anderson, p. 14, pi. 1, fig. 2, pi. 8, fig. 1.

1967. Lycopodiujnsporites 7101)0111 cxicanum (Anderson), Drugg, p. 40, pi. 6,

f'S. 27.
_

1971. Zli-vispor'is novomexicanum (Anderson), Leffingwell, p. 25, figs. 3a,

3 b, 4.

Disctossion. — The distinctness of Z. blan-ensis from Z. novo-

m-exicanutn as maintained by Norton and Hall (1969) deserves

further investigation. This species resembles individuals of the Lower

Cretaceous Rotiseisporites Pocock, 1962, with missing equatorial

flanges. It is also comparable to the Cenomanian Retitriletes -pluri-

cellulus of Pierce (1961). Inaperturopollenites sp. A of Orlansky

(1967) is apparently identical. The observed size range of Almond
Formation specimens was 32 (47) 59/^ for four specimens.

Suggested affinities. — Lycopodiaceae.?

Occurrence. — Upper Campanian-Paleocene. Kirtland Shale,

uppermost Cretaceous and Nacimlento Formation, Paleocene, New
Mexico (Anderson, 1960); upper Moreno Formation, Maestrich-

tian, California (Drugg, 1967); Lance Formation, Maestrichtian

and Fort Union Formation, Paleocene, Wyoming (Leffingwell,
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1971). This species occurs in the lower and upper Almond Forma-

tion.

Genus LYCOPODIUMSPORITES Thiergart ex Delcourt and
Sprumont, 1955

Type species: Lycopodiumsporites agathoccus (Potonie), Thiergart, 1938.

Lycopodiumsporites austroclavatidites (Cookson), Potonie, 1956
PI. 11, fig. 66

1953. Lycopodlum austroclavatidites Cookson, p. 469, pi. 2, fig. 35.

1956. Lycopodiumsporites austroclavatidites (Cookson), Potonie, p. 46.

1958. Lycopodiumsporites clavatoidcs Couper, p. 132, pi. 15, figs. 12, 13.

1959. Lycopodiumsporites reticulumsporites Rouse, p. 309, pi. 1, fig. 3.

Discussion.— The selected synonomy above follows Dettmann

(1963). The observed size range was 31-39/^ for two specimens.

Suggested affinities.— Lycopodiaceae. This species has been

related to the Recent Lyco-podium clavatum group of Knox (1950).

Occurrence.— Jurassic-Paleocene, This species is widely dis-

tributed in Jurassic and Cretaceous rocks. Upper Cretaceous occur-

rences include the following: Magothy Formation, Turonian-

Senonian, Atlantic Coastal Plain, eastern United States (Z-. clava^

toides) (Groot, Penny, and Groot, 1961); Bearpaw Shale, Fox

Hills, and Hell Creek Formations, Maestrichtian, and Tullock

Formation, Paleocene, Montana (Oltz, 1969). This species is rare

in the lower and upper Almond Formation.

Genus STYX Norton, 1967

Type species: Styx minor Norton iti Norton and Hall, 1967.

Styx minor Norton, 1967 PI. 12, figs. 67-69

1967. Styx minor Norton in Norton and Hall, p. 104, pi. 1, fig. C.

Discussion.— The observed size range of the maximum dimen-

sion was 108-122/A (two specimens) while that of the endospore

excluding spines was 50 (58) 66ijl on a total of 10 specimens. A
foveolate inner layer of the perispore was not observed. As noted

by Oltz (1969) S. minor has an extension of the perispore into an

arcolamella. The other morphological characters agree favorably

especially the size and the radiating ridges within the lumina of

the reticulum of the perispore. One specimen with a partially de-

tached perispore clearly reveals a well-defined trilete mark (PI, 12,

fig. 69), In comparing Norton's description with his plate, it is

apparent that the photographs of figures B and C have been re-
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versed. Figure C exhibits the "radiating ridges". Refer to Norton

and Hall (1969).

Suggested ajjinities. — Filicinae?, megaspore.f'

Occurrence.— Upper Campanian-Maestrichtian. Hell Creek

Formation, uppermost Cretaceous, eastern Montana (Norton and

Hall, 1967); Hell Creek Formation, uppermost Cretaceous, Montana

(Norton and Hall, 1969); Bearpaw, Fox Hills and Hell Creek

Formations, Maestrichtian, Montana (Oltz, 1969). This species

occurs throughout the Almond Formation.

Styx major Norton, 1967 PI. 13, fig. 70

1967. Styx major Norton and Hall, p. 105, pi. 1, fig. B.

Discussion.— As noted by CHtz (1969) S. major has an exten-

sion of the perispore into an arcolamella. The size was 300/i, overall

and 115/i for the spore body of the single specimen observed.

Suggested affinities.— Filicinae.?, megaspore.

Occurrence. — Upper Campanian-Maestrichtian. Hell Creek

Formation, Maestrichtian, Montana (Norton and Hall, 1967, 1969;

Oltz, 1969). This species occurs onh^ in Sample 66W221, Section 14,

of the upper Almond Formation.

Genus AZOLLA Lamarck, 1783

Type species : Unknown.

Azolla sp. PI. 13, fig. 71

Discussion.— Glocidia, l^^i in length, were found with seven

alternating hooks about 4^^ in length and 3)it wide at the base. The
hooks taper rapidly to a sharp point and are recurved. Cross walls

are present in the glocidia with one hook per division. Three divi-

sions are present at the base without hooks. The glocidia are

similiar to those illustrated by Stough (1968) for Azolla polyancrya

from the Upper Cretaceous of Argentina and Chile and by Srivas-

tava (1968) for A. sagittifera from the Maestrichtian Edmondton
Formation of Alberta, Canada. To the author's knowledge a form

genus has not been proposed for fossil specimens related to this

living genus.

Suggested affinities. — Salviniaceae, Azolla.

Occurrence. — Upper Campanian. This species was found only

in Sample 66W133 of Section 8 of the lower Almond Formation.
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Genus INAPERTUROPOLLENITES Thomson and Pflug, 1953

Type species: InapcrturopoUenitcs dubius (Potonie and Venitz), Thomson
and Pflug, 1953.

InaperturopoMenites dubius (Potonie and Venitz), Thomson and
Pflug, 1953 PI. 14, fig. 72

1934. PoUenitfs mcujnus duhius Potonie and Venitz, p. 17, pi. 2, fig. 21.

1953. Inapcrturopollcnitfs Jubius (Potonie and Venitz), Thomson and Pflug,

p. 65, pi. 4, fig. 89; pi. 5, figs. 1-13.

1962. InapcrturopoUenitcs juniperoldcs Rouse, p. 201, pi. 2, fig 6.

Discussion. — The observed size range was 28 (36) 46/x for

seven specimens. Brenner (1963, p. 88) and Norris (1967, pi. 16,

fig. 14) included deeply split specimens in this species. Such speci-

mens could be contained in the morphological circumscription of

Taxodiaceaepollenites hiatus; however, in the Almond Formation

the individuals of T. hiatus have slightly thicker, more distinctly

scabrate exines.

Suggested affinities. — Cupressaceae, Taxodiaceae.

Occurrence.— Inaperturopollenites dubius is widely distributed

in Jurassic, Cretaceous, and Tertiary rocks. Upper Cretaceous oc-

currences include: Raritan, Tuscaloosa, and Magothy Formations,

Cenomanian-Senonian, eastern United States (Groot, Penny, and

Groot, 1961); Burrard Formation, Eocene (in part), British Colum-

bia, Canada (Rouse, 1962); Edmonton Formation, Maestrichtlan,

Scollard, Alberta, Canada (Srivastava, 1966); Hell Creek Forma-

tion, Maestrichtlan, and Tullock Formation, Paleocene, Montana

(Oltz, 1969). This species occurs throughout the Almond Forma-

tion.

Inaperturopollenites atlanticus Groot, Penny, and Groot, 1961
PL 14, fig. 73

1961. Inaperturopollenites atlanticus Groot, Penny, and Groot, p. 130, pi. 24,

fig. 18.

Discussion.— The size range was 46 (54) 59/i. for three speci-

mens.

Suggested affinities. — Araucariaceae.

Occurrence. — Cenomanian-Campanian. Tuscaloosa Formation,

Cenomanian-Senonian (.?), eastern United States (Groot, Penny,

and Groot, 1961). This species occurs in the lower and upper Al-

mond Formation.
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Genus LARICOIDITES Potonie, Thomson, and Thiergart
ex Potonie, 1958

Type species: Laricoidites magnus (Potonie), Potonie, 1958.

Laricoidites magnus (Potonie), Potonie, Thomson, and Thiergart, 1950
PI. 14, fig. 74

1931. Sporonites (?) magnus Potonie, p. 556, fig. 6.

1934. Pollenites inagnus (Potonie), Potonie, p. 48, pi. 6, fig. 5.

1937. Larix-pollcniics magnus (Potonie), Raatz, p. 15.

1950. Laricoidites magnus (Potonie), Potonie, Thomson, and Thiergart, p. 48,

pi. c, figs. 9, 10.

1953. Inapcrturopollcnites magnus (Potonie), Thomson, and Pfliig, p. 64, pi.

4, figs. 83-88.

1962. Larix plicatipollcnites Rouse, p. 200, pi. 1, figs. 14-15.

Discussion.— The arbitrary size designation of SO-lOO/x (Thom-

son and Pflug, 1953) of L. magnus is intermediate between that of

Inaperturopollenites dubis (Potonie and Venitz), Thomson and

Pflug, 1953, and L. gigantus Brenner, 1963. The observed size range

was 50 (69) 95/t for 10 specimens.

Suggested affinities. — Pinaceae, Larix. Affinities for this species

have been suggested with the Pinaceae, Larix, and the Araucariaceae

(Hedlund, 1966). On the basis of available modern reference ma-

terial, the Larix designation seems the most plausible. Pollen of

Larix americana, L. decidua, and L. loricina are thinner, highly

folded, and often ruptured, closely resembling Laricoidites magnus.

The pollen of Araucaria cunmngkamii is scabrate, thicker, and less

commonly folded.

Occurrence. — Cenomanian - Paleocene. Tertiary, Germany
(Potonie, 1931, 1934), Thomson and Pflug, 1953); Burrard Forma-

tion, Eocene (in part), British Columbia, Canada (Rouse, 1962);

Cannonball Member, Fort Union Formation, Paleocene, South

Dakota (Stanley, 1965); Red Branch Member, Woodbine Forma-

tion, Cenomanian, Oklahoma (Hedlund, 1966); Fort Union Group,

Paleocene, Montana (Norton and Hall, 1969); Hell Creek Forma-

tion, Maestrlchtian, and Tullock Formation, Paleocene, Montana
(Oltz, 1969). This species occurs throughout the Almond Forma-
tion.

Laricoidites gigantus Brenner, 1963 Pi. 14, fig. 75

1963. Laricoidites gigantus Brenner, p. 88, pi. 36, figs. 1, 2.

1964. Inaperturopollenites giganteus Goczan, p. 239, pi. V, fig. 1.

Discussion.— The observed size range was 101-127/x for the two
specimens observed.
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Suggested affinities. — Pinaceae, Larix.

Occurrence. — Lower Cretaceous (Barremian)-Maestrichtlan.

Edmonton Formation, Maestrichtian, Alberta, Canada (Srivastava,

1966). This species is rare in the lower and upper Almond Forma-

tion.

Genus ARAUCARIACITES Cookson ex Couper, 1953

Type species: Araucariacitcs anstral'is Cookson, 1947.

Araucariacites limbatus (Balme), Habib, 1969 PI. 15, fig. 76

1957. Inaperturopollenites limbatus Balme, p. 31, pi. 7, figs. 83-84.

1969. Araucariacites limbatus (Balme), Habib, p. 91, pi. 4, fig. 6.

Discussion.— The observed size range was 66 (78) 9Sp. for

five specimens.

Suggested affinities. — Araucariaceae.

Occurrence.— Jurassic(?)-Maestrichtian. Lewis Shale, upper-

most Cretaceous, New Mexico (Anderson, 1960). This species oc-

curs in the lower and upper Almond Formation.

Genus TAXODIACEAEPOLLENITES Kremp, 1949

Type species: Taxodiaceaepollenites hiatus (Potonie), Kremp, 1949.

Taxodiaceaepollenites hiatus (Potonie), Kremp, 1949 PL 15, fig. 77

1931. Pollenites hiatus Potonie, p. 5, fig. 27.

1933. Taxodium hiatipites Wodehouse, p. 493, fig. 19.

1949. Taxodiaceaepollenites hiatus (Potonie), Kremp, p. 59, pi. 5, figs. 31, 37,

38.

1950. Taxodoidites hiatus (Potonie), Potonie, Thomson, and Thiergart, p. 49,

pi. A, fig. 23.

1951. TaxodioipoUenites hiatus (Potonie), Potonie, p. 143, fig. 17.

1953. Inaperturopollenites hiatus (Potonie), Thomson and Pflug, p. 65, pi. 5,

figs. 14-20.

1965. Thuja} hiatus (Potonie), Stanley, p. 273, pi. 38, figs. 1-3.

Discussion. — The grains from the Almond Formation are

scabrate. The ornamentation consists of isodiametric granules which

are less than O.S/a in size. The observed size range was 25 (30) 37/x

and was based on seven specimens.

Suggested affinities.— Taxodiaceae, Taxodium.

Occurrence.— Cretaceous-Tertiary. Pollen of this species is

widely dispersed in Cretaceous and Tertiary rocks. The occurrences

given here are selected to illustrate the stratigraphic range. Oligo-

cene-Miocene, Germany, (Kremp, 1949); upper Moreno Formation,

Maestrichtian-Danian, California (Drugg, 1967); Hell Creek and
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Fort Union Formations, Upper Cretaceous-Paleocene, South Dakota

(Stanley, 1965); Tuscaloosa, Raritan and Magothy Formations,

Cenomanian-Senonian, Alabama, Georgia, North Carolina, Dela-

ware, Mar}^land, and New Jersey, (Groot, Penny, and Groot,

1961); Fredericksburg Group, Albian, Oklahoma (Hedlund and

Norris, 1968); Bearpaw Shale, Fox Hills Sandstone and Hell Creek

Formation, uppermost Cretaceous, and Tullock and Lebo forma-

tions, Paleocene, Montana (Norton and Hall, 1969); Bearpaw, Fox

Hills, and Hell Creek formations, Maestrichtian, and Tullock and

Lebo formations, Paleocene, Montana (Oltz, 1969). This species

occurs throughout the Almond Formation.

Genus CYCADOPITES Wodehouse ex Wilson and Webster, 1946

Type species: Cycadopites follicularis Wilson and Webster, 1946.

Cycadopites follicularis Wilson and Webster, 1946 PI. 15, fig. 78

1946. Cycadopites follicularis Wilson and Webster, p. 274, fig. 7.

Discussion.— The observed size range was 33 (38) 48/x for

five specimens.

Suggested affinities.— Cycadaceae.''

Occurrence. — Upper Campanian-Paleocene. Fort Union Group,

Paleocene, Montana (Wilson and Webster, 1946); Edmonton
Formation, Maestrichtian, Alberta, Canada. (Srivastava, 1966);

Lance Formation, Maestrichtian and Fort Union Formation, Paleo-

cene, Wyoming (Leffingwell, 1971). This species occurs throughout

the Almond Formation.

Cycadopites pseudolatus Stone, n. sp. PI. 15, fig. 79

Di-agnosis. — The subcircular outline, psilate exine, and broad

sulcus distinguish this species.

Description.— The shape is subcircular to slightly elliptical.

The sulcus extends the entire length of the grain. It is about 2.5/x.

wide at the center and expands at the ends to about S/x wide. The
exine is psilate and about Ifi thick. The size range is 17 (23) 30/x in

the long dimension for eight specimens.

Holotype. — Plate 15, figure 79. Slide No. 1649-3, Coor. 30.4-

125.1, Collection No. 66W133, Section 8, Almond Formation, Late

Campanian, Sec. 12, T19N, RIOIW, Sweetwater County, Wyoming.
Discussion. — Slightly weathered specimens appear roughened
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and pitted. It is not known if this is the scabrate ornamentation

of other authors, e.g. Stanley (1965, p. 271). Monosidcites latus

Norton in Norton and Hall, 1969, is comparable but larger (30-37/^)

and scabrate.

Suggested ajfmities. — Cycadaceae.^'

Occttrrence.— Upper Campanian. This species occurs in the

lower and upper Almond Formation.

Genus MONOSULCITES Cookson ex Couper, 1953

Type species: Monosulcites minimus Cookson, 1947.

Monosulcites scabratus (Stanley), Stone, n. comb. PI. 15, figs. 80-81

1965. Scliizosporis scabratus Stanley, p. 269, pi. 35, figs. 10-17.

Discussion.— The aperture of this species is considered to be

monosulcate with occasional flaring at the ends and not inaperturate

with spUtting as indicated by Stanley (1965). The transfer to

Monosulcites is made on this basis. The observed size was 20 (30)

40/x for four specimens.

Suggested affinities.— Gymnospermae.

Occurrence. — Upper Campanian-Maestrichtian. Hell Creek

Formation, Maestrichtian, South Dakota (Stanley, 1965). This

species occurs in the lower and upper Almond Formation.

Genus EUCOMMIIDITES Erdtman emend. Couper, 1958

Type species: Eucommiidites troedssonii Erdtman, 1948.

Eucommiidites couperi Anderson, 1960 PI. 15, fig. 82

1960. Eucommiidites couperi Anderson, p. 21, pi. 11, figs. 7-8.

Discussion.— Anderson (1960) considered this species to be

tricolpate. In light of Hughes' (1961) discussion, the morphology of

the apertures seems best interpreted as a sulcus and a ring furrow

(zonisulcate); however, from the orientation of specimens illustrated

by Anderson and those observed from the Almond Formation it is

not readily apparent that the two apertures are on opposite faces.

The observed size range was 24 (26) 31jli for six specimens.

Suggested affinities. — Gymnospermae.

Occurrence. — Upper Campanian-Maestrichtian. Lewis Shale,

uppermost Cretaceous, New Mexico (Anderson 1960). This species

occurs in the lower and upper Almond Formation.
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Genus EQUISETOSPORITES Daugherty emend. Singh, 1964

Type species: Eguisciosporites chinlrmia Daugherty, 1941.

Equisetosporites ovatus (Pierce), Singh, 1964 PI. 15, fig. 83

1961. Striainapcrturitcs ovatus Pierce, p. 45, pi. Ill, fig. 80.

1964. Equisetosporites ovatus (Pierce), Singh, p. 133, pi. 17, fig. 16.

1969. Ephedripites ovatus (Pierce), Norton in Norton and Hall, p. 34, pi. 3,

fig. 19.

Discussion-.— The observed size range was 28 (37) 4S/i, for

the polar dimension of 11 specimens.

Suggested affinities.— Ephedraceae, Ephedra.

Occurrence.— Aptian-Maestrichtian. Cenomanian, Minnesota,

(Pierce, 1961); Ellerslie Member, McMurray Formation, Aptian,

Alberta, Canada (Singh, 1964); Bearpaw Shale, Maestrichtian, Mon-

tana (Norton and Hall, 1969). This species occurs in the lower and

upper Almond Formation.

Genus VITREISPORITES Leschik, 1955

Type species: VitreisPorites signatus Leschik, 1955.

Vitreisporites pallidus (Reissinger), Nilsson, 1958 PI. 15, fig. 84

1940. Pityosporites pallidus Reissinger, p. 14.

1950. Pityopollenites pallidus (Reissinger), Reissinger, p. 109, pi. 15, figs. 1-5.

1958. Caytonipollenitcs pallidus (Reissinger), Couper, p. 150, pi. 26, figs. 7, 8.

1958. Vitreisporites pallidus (Reissinger), Nilsson, p. 77, pi. 7, figs. 12-14.

Discussion. — The observed size range was 24 (35) 4Sju, for

nine specimens.

Suggested affinities. — Caytoniaceae, Caytonanthus.

Occurrence.— Jurassic-Cretaceous, This species is widely re-

ported from Jurassic and Cretaceous rocks. Vermejo Formation,

Maestrichtian, Colorado (Clarke, 1963). It occurs in the lower and

upper Almond Formation.

Genus PHYLLOCLADIDITES Cookson ex Couper, 1953

Type species: Phyllocladidites maivsonii Cookson ex Couper, 1953.

Phyllocladidites mawsonii Cookson ex Couper, 1953 PI. 15, fig. 85

1947. Phyllocladidites maivsonii Cookson, p. 133, pi. XIV, figs. 22-28.

1953. Phyllocladidites maivsonii Cookson ex Couper, p. 38, pi. 9, fig. 135.

Discussion.— The observed size range was 45-50/x for two
specimens.

Suggested affinities. — Podocarpaceae, Dacrydium.
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Occurrence.— Lower Cretaceous-Lower Oligocene. Hell Creek

Formation, Maestrichtian, Montana (Norton and Hall, 1969); Bear

Paw and Hell Creek formations, Maestrichtian, Tullock Formation,

Paleocene, Montana (Oltz, 1969). This species occurs in the lower

and upper Almond Formation.

Genus PODOCARPIDITES Cookson ex Couper, 1953

Type species: Podocarpidites ellifticus Cookson ex Couper, 1953.

Podocarpidites maximus (Stanley), Norton, 1969 PI. 15, fig. 86

1965. Podocarpus maximus Stanley, p. 281, pi. 41, figs. 1-8.

1969. Podocarpidites maximus (Stanley), Norton in Norton and Hall, p. 31,

pi. 4, fig. 12.

Discussion.— The observed size range was 50 (55) 58;u for the

overall dimension of four specimens.

Suggested affinities.— Podocarpaceae, Podocarpus.

Occurrence. — Upper Campanian-Paleocene. Fort Union Forma-

tion, Paleocene, South Dakota (Stanley, 1965); Tullock and Lebo

formations, Paleocene, Montana (Norton and Hall, 1967, 1969);

Hell Creek Formation, Maestrichtian, and Tullock and Lebo forma-

tions, Paleocene, Montana (Oltz, 1969). This species occurs in the

lower and upper Almond Formation.

Genus CEDRIPITES Wodehouse, 1933

Type species: Cedripitcs eocenicus Wodehouse, 1933.

Cedripites parvus Norton, 1969 PI. 15, fig. 87

1969. Cedripites parvus Norton in Norton and Hall, p. 29, pi. 4, fig. 7.

Discussion. — The overall size range was 60 (65) 69^ for five

specimens.

Suggested affinities. — Pinaceae, Cedrus?

Occurrence. — Upper Campanian-Paleocene. Tullock Forma-

tion, Paleocene, Montana (Norton and Hall, 1969); Fox Hills and

Hell Creek formations, Maestrichtian, and Tullock and Lebo forma-

tions, Paleocene, Montana (Oltz, 1969). This species occurs in the

lower and upper Almond Formation.

Genus ABIETINEAEPOLLENITES Potonie, 1951

Type species: Abietincacpollenitcs microalatus (Potonie), Potonie, 1951.

Abietineaepollenites foveoreticulatus Norton, 1969 PL 15, fig. 88

1969. Abietineaepollenites foveoreticulatus Norton in Norton and Hall, p. 28, pi.

4, fig. 4.
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Discussion. — The overall size range was 58 (62) SSfx, for four

specimens.

Suggested affinities. — Pinaceae.

Occurrence. — Upper Campanian-Paleocene. Fort Union Group,

Paleocene, Montana (Norton and Hall, 1969). This species occurs

throughout the Almond Formation.

Genus ALISPORITES Daugherty, 1941

Type species: Alisporites opii Daugherty, 1941.

Alisporites grandis (Cookson), Dettmann, 1963 Pi. 16, fig. 89

1953. Dissaccites grandis Cookson, p. 471, pi. 2, fig. 41.

1957. Pityosporites grandis (Cookson), Balme, p. 36, pi. 10, figs. 110, 111.

1959. Alisporites rotundus Rouse, p. 316, pi. 1, figs. 15, 16.

1963. Alisporites grandis (Cookson), Dettmann, p. 102, pi. XXV, figs. 1-4.

Discussion.— The overall size range was 79 (93) 113/a for five

specimens.

Suggested affinities. — Pinaceae.

Occurrence.— Upper Jurassic-Cretaceous. This species has been

reported from the Upper Jurassic-Lower Cretaceous by Balme

(1957) and from the Lower Cretaceous by Cookson (1953), Rouse

(1959), Pocock (1962), Dettmann (1963), and Singh (1964). Ed-

monton Formation, Maestrichtian, Alberta, Canada (Srivastava,

1966). This species occurs in the lower and upper Almond Forma-

tion.

Genus RUGUBIVESICULITES Pierce, 1961

Type species: Rugubivesiculites convolutus Pierce, 1961.

Rugubivesiculites floridus Pierce, 1961 Pi. 16, fig. 90

1961. Rugubivesiculites floridus Pierce, p. 40, pi. II, fig. 63.

Discussion.— The overall size of the single specimen observed

was SOfi.

Suggested affinities. — Podocarpaceae.

Occurrence. — Cenomanian-Campanian. To the author's knowl-

edge this species has not been previously reported above the Ceno-

manian (Pierce, 1961). The genus is known to range throughout

the Upper Cretaceous. This species occurs only in Sample 66W144
of Section 9 of the upper Almond Formation.

Genus TSUGAEPOLLENITES Potonie and Venitz emend. Potonie, 1958

Type species: Tsugaepollenites igniculus (Potonie), Potonie and Venitz,

1934.
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Tsugaepollenites igniculus (Potonie), Potonie and Venitz, 1934
PI. 16, fig. 91

1931. Sporonitcs ifftiinilus Potonie, p. 556, fig. 2.

1934. Tsugaepollenites ignieulus (Potonie), Potonie and Venitz, p. 17, pi. 1,

fig. 8.

1953. Zonalapollenites igniculus (Potonie), Thomson and Pflug, p. 66, pi. 4,

figs. 75-79.

Discussion. — The observed size range was 44 (49) 53/i, for six

specimens. A tetrad mark was present on some specimens.

Suggested affinities. — Pinaceae, Tsuga.

Occurrence. — Upper Campanian-Pliocene. Miocene-Pliocene,

Middle Europe (Thomson and Pflug, 1953); upper Moreno Forma-

tion, Maestrichtian-Danian, California (Drugg, 1967). This species

occurs only in Sample 66W133, Section 8, of the lower Almond

Formation.

Genus QUADRIPOLLIS Drugg, 1967

Type species: Ouadripollis krcmpii Drugg, 1967.

Quadripollis krempii Drugg, 1967 PL 16, fig. 92

1967. Quadripollis krempii Drugg, p. 62, pi. 8, figs. 55-56.

Discussion. — The last sentence in Drugg's (1967) generic

diagnosis should read, "No visible apertures but the distal surfaces

are thin and frequently ruptured" and the fifth sentence in the

specific diagnosis should read, "The equatorial area tends to curve

outward in a distal direction." A formal emendation is not necessary

to correct this inadvertant error. Drugg compared this species with

Inaperturopollenites litTibatus Balme, 1957. The size range was 41

(46) 56/x for the three tetrads observed.

Suggested affinities. — Gymnospermae.?

Occurrence. — Upper Campanian-Maestrichtian. Upper Moreno

Formation, Maestrichtian, California (Drugg, 1967). This species

occurs in the lower and upper Almond Formation.

Genus CLASSOPOLLIS Pflug emend. Pocock and Jansonius, 1961

Type species: ClassopoUis classoidcs Pflug emend. Pocock and Jansonius,

1961.

ClassopoUis classoides Pflug emend. Pocock and Jansonius, 1961
PI. 16, fig. 93

1953. ClassopoUis classoides Pflug, p. 91, pi. 16, figs. 29-31.

1961. ClassopoUis classoides Pflug emend. Pocock and Jansonius, p. 443, pi.

1, figs. 1-9.
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Discussion. — The observed size range was 22 (25) Sl/x for five

specimens.

Suggested affinities. — Gymnospermae. Classopollis pollen oc-

curs in the Mesozoic conifer family Cheirolepidaceae (Barnard,

1968).

Occurrence. — Jurassic-Cretaceous. Vermejo Formation, Maes-

trichtian, Colorado (Clarke, 1963). This species occurs in the

lower and upper Almond Formation.

Genus SPERMATITES Miner, 1935

Type species: None designated.

Spermatites sp. PI. 17, fig. 94

Discussion.— A single partial specimen was found measuring

279/Li in length. No pollen was found in the pollen chamber of this

ovule. It has not been identified as to species.

Suggested affinities.— Gymnospermae.

Occit^rrence. — Cretaceous occurrences are reported by Miner

(1935), Hughes (1961), Hedlund (1966), and Brenner (1967). This

species occurs only in Sample 67W1 of Section 8 of the lower Al-

mond Formation.

Genus ARECIPITES Wodehouse emend. Anderson, 1960

Type species: Arecip'ttes punctatus Wodehouse, 1933.

Arecipites reticulatus (van der Hammen), Anderson, 1960 PI. 17, fig. 95

1954. Monocolpites reticulatus van der Hammen, p. 89.

1954. PoUenites reticulatus van der Hammen, p. 96.

1960. Arecipites reticulatus (van der Hammen), Anderson, p. 18, pi. 1, fig. 19;

pi. 7, fig. 6; pi. 8, fig. 3; pi. 10, fig. 7.

1965. Pseudotricolpites reticulatus Stanley, p. 317, figs. 26-37.

1966. Liliacidites variegatus Couper, Srivastava, p. 525, pi. IV, figs. 15-16.

1969. Liliacidites sp. Norton and Hall, p. 36, pi. 5, fig. 3.

Discussion. — The observed size range was 27 (29) 32/i, for the

polar diameter of four specimens.

Suggested affinities. — Monocotyledoneae.^

Occurrence. — Upper Campanian-Paleocene. Kirtland and

Lewis shales, uppermost Cretaceous, and Nacimiento Formation,

Paleocene, New Mexico (Anderson, 1960); Hell Creek Formation,

Maestrichtian, and Fort Union Formation, Paleocene, South Da-
kota (Stanley, 1965); Edmonton Formation, Maestrichtian, Alberta,

Canada (Srivastava, 1966); Hell Creek Formation, Maestrichtian,
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Montana (Norton and Hall, 1969). This species occurs throughout

the Almond Formation.

Genus LILIACIDITES Couper, 1953

Type species: Liliacidites kaitangatacnsis Couper, 1953.

Liliacidites leei Anderson, 1960 PI. 17, fig. 96

1960. Liliacidites leei Anderson, p. 18, pi. 1, figs. 9-11; pi. 5, fig. 10; pi. 7,

fig. 7; pi. 8, figs. 4-5.

Discussion. — The observed size range was 25 (35) 54/u. for

13 specimens.

Suggested affinities. — Angiospermae.

Occurrence. — Upper Campanian-lower Paleocene. Kirtland

Shale, Ojo Alamo Sandstone and Nacimiento Formation, upper-

most Cretaceous-Paleocene, San Juan Basin, New Mexico (Ander-

son, 1960). This species occurs in the lower and upper Almond

Formation.

Liliacidites complexus (Stanley), Leffingwell, 1971 PI. 17, figs. 97-98

1965. Schizosporis complexus Stanley, p. 267, pi. 36, figs. 7-17.

1971. Liliacidites complexus (Stanley), Leffingwell, p. 41, pi. 7, figs. 3a-3b.

Discussion.— This species is thought to have a monosulcate

aperture. The size range was 22 (37) 48ju, for seven specimens.

Suggested affinities. — Angiospermae. The complex exine serves

to relate this species to the angiosperms.

Occurrence. — Upper Campanian - Maestrichtian, Paleocene?,

Hell Creek Formation, Maestrichtian, South Dakota (Stanley,

1965). Fox Hills and Hell Creek formations, Maestrichtian, Mon-
tana (Norton and Hall, 1967 and 1969), Edmonton Formation,

Maestrichtian, Alberta, Canada (Snead, 1969); Bear Paw, Fox

Hills, and Hell Creek formations, uppermost Cretaceous, and lower

Tullock Formation, Paleocene, Montana (Oltz, 1969), Lance

Formation, Maestrichtian, Wyoming (Leffingwell, 1971). This

species occurs in the upper Almond Formation.

Genus TRICOLPOPOLLENITES Pflug and Thomson, 1953

T3'pe species: Tricolpopolle?iites parmularius (Potonie), Thomson and
Pflug, 1953.

Trieolpopollenites parvulus Groot and Penny, 1960 PI. 18, figs. 99, 100

1960. Trieolpopollenites parvulus Groot and Penny, p. 232, pi. 2, figs. 8-9.

1969. Trieolpopollenites tcrsus Oltz, p. 132, pi. 42, fig. 147.
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Discussion.— The observed size range was 11 (12) IS/x in the

polar diameter for three specimens and 9-12jU, for the equatorial

diameter of two specimens. This species is comparable to Tricol-

popollenites sp. 1 Norton and Hall, 1969, but the latter Is described

as having a margo on the colpi.

Suggested affinities. — Dicotyledonae.

Occurrence.— Cenomanian-Danian. Upper Moreno Formation,

Maestrichtian-Danian, California (Drugg, 1967). This species oc-

curs throughout the Almond Formation.

Tricolpopollenites microscabratus Norton, 1969 PI. 18, fig. 101

1969. Tricolpopollenites mieroscabratus, Norton in Norton and Hall, p. 47,

pi. 7, fig. 8.

Discussion. — The observed size range was 16 (19) 22/^ in the

polar diameter for six specimens.

Suggested affinities. — Dicotyledoneae.

Occurrence. — Upper Campanian-Maestrichtian. Hell Creek

Formation, uppermost Cretaceous, Montana (Norton and Hall,

1969). This species occurs in the lower and upper Almond Forma-

tion.

Tricolpopollenites microreticulatus Norton, 1969 PI. 18, figs. 102-103

1969. Tricolpopollenites microreticulatus Norton in Norton and Hall, p. 47,

pi. 7, fig. 8.

1969. Tricolpopollenites tersus Oltz, p. 152, pi. 42, fig. 147.

Discussion. — The observed size range was 12 (14) I6/1, for the

polar axis as observed on six specimens and 10 (13) 17ju, for the

equatorial axis as observed on nine specimens. The small size and

microreticulate exine (lumina ca. O.Sfi) distinguish this species. It

closely resembles T. micromunus Groot and Penny, 1960, except In

having a finer reticulum.

Suggested affinities. — Dicotyledoneae.

Occurrejice. — Upper Campanian-Paleocene. Hell Creek Forma-
tion, Maestrichtlan, Montana (Norton and Hall, 1969); TuUock
Formation, Paleocene, Montana (Oltz, 1969). This species occurs

throughout the Almond Formation.

Tricolpopollenites claviretlculatus Norton, 1969 PI. 18, figs. 104-105

1969. Tricolpopollenites clavireticulatus Norton in Norton and Hall, p. 49,
pi. 7, fig. 14.

1969. Salixipolleniies sp. B Snead, p. 35, pi. 6, figs. 8-9.

1969. Tricolpites sp. C Oltz, p. 159, pi 42, fig. 138.
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Discussion. — This species is distinguished by a variable reticu-

lum in which the lumina become larger at the equator between the

colpi. The size range was 14 (18) Il/x for the polar diameter of

five specimens and 12 (13) lifj. in the equatorial diameter for four

specimens.

Suggested affinities.— Salicaceae.

Occurrence. — Upper Campanian-Maestrichtian. Bearpaw, Fox

Hills, and Hell Creek formations, uppermost Cretaceous, Montana

(Norton and Hall, 1969); Hell Creek Formation, Maestrichtian,

Montana, (Tricolpites sp. C) (Oltz, 1969); Edmonton Formation,

Maestrichtian (Snead, 1969). This species occurs in the lower and

upper Almond Formation.

Tricolpopollenites deliclavatus Oltz, 1969 PI. 18, fig. 106

1969. Tricolpopollenites deliclavatus Oltz, p. 151, pi. 42, fig. 140.

Discussion.— The size range of this species was 16-17/a for

three specimens. The upper Albian-Cenomanian species T. micro-

'rnuniis Groot and Penny, 1960 is comparable but slightly smaller

(ca. IV).
Suggested affinities.— Dicotyledoneae.

Occurrence. — Upper Campanian-Maestrichtian. Hell Creek

Formation, Maestrichtian, Montana (Oltz, 1969). This species oc-

curs in the lower and upper Almond Formation.

Tricolpopollenites compactus Norton, 1969 PI. 18, fig. 107

1969. Tricolpopollenites compactus Norton /// Norton and Hall, p. 47, pi. 7,

fig. 9.

Discussion. — The observed size range of the polar axis was 20

(24) 27^ for six specimens.

Suggested affinities. — Trochodendraceae.?

Occurrence. — Upper Campanian-Paleocene. Lebo Formation,

Paleocene, Montana (Norton and Hall, 1969). This species occurs

in the lower and upper Almond Formation.

Genus TRICOLPITES Cookson ex Couper, 1953

Type species: Tricolpites reticulatus Cookson, 1947.

Tricolpites mutabilis Leffingwell, 1971 PI. 18, fig. 108

1964. "Tricolpopollenites" sp. Leopold and Pakiser, pi. 5, figs. 1-2 (figs. 3-5

excluded).
1965. Tricolpites sp. Jardine and Magloire, p. 214, pi. X, figs. 9-10, 13-14

(figs. 8, 11, 12 excluded).
1971. Tricolpites mutabilis Leffingwell, p. 44, pi. 8, figs. 1-3.
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Description. — The pollen are rounded triangular, with convex

sides, and oblate. The three colpi extend for 3/4 of the radius as

seen in polar view and divide the grain into distinct lobes. The

exine is about \fi in thickness, psilate to microgranulate (scabrate

or iiijraponctuee) . The granules are less than .S/x in size. The size

range is 12 (15) lOfi as observed on nine specimens.

Discussion. — Stanley (1965, p. 320) listed the synonomy of

the genus. Descriptions or sizes are not provided for the specimens

listed as "Tricolpopollenites" by Leopold and Pakiser (1964), but

they appear to be conspecific from the photographs. Tricolpites

mutabilis is conspecific with T. sp. of Jardine and Magloire (1965).

The psilate-scabrate exine of T. mittahilis distinguishes it from the

reticulate species of the genus. T. pachyexinus Couper, 1953 is a

psilate species, but it has a thicker exine and a large size (26-40/u.).

Suggested affinities.— Angiospermae, Dicotyledoneae.

Occurrence. — Cenomanian-Paleocene. Tuscaloosa Group, Ceno-

manian-Turonian, Alabama (Leopold and Pakiser, 1964); Turon-

ian.'' -Lower Senonian, Senegal and Cote-d'Ivoire (Jardine and Mag-

loire, 1965), (the Senonian as used by Jardine and Magloire ex-

cludes the Maestrichtian); Lance Formation, Maestrichtian, and

Fort Union Formation, Paleocene, Wyoming (Leffingwell, 1971).

This species occurs throughout the Almond Formation.

Tricolpites psilascabratus Norton, 1969 PI. 18, figs. 109-110

1969. Tricolpites psilascabratus Norton in Norton and Hall, p. 45, pi. 7, fig. 3.

Discussion. — The observed size range was 19 (23) 27jx for the

equatorial diameter of four specimens and 23-24/x for the polar

diameter of two specimens.

Suggested affinities.— Dicotyledoneae.

Occurrence. — Upper Campanian-Paleocene. Hell Creek Forma-
tion, Maestrichtian, and Fort Union Formation, Paleocene, Mon-
tana (Norton and Hall, 1969); Fox Hills and Hell Creek forma-

tions, Maestrichtian, and Tullock Formation, Paleocene, Montana
(Oltz, 1969). This species occurs throughout the Almond Forma-
tion.

Tricolpites lillei Couper, 1953 PI. 18, fig. Ill

1953. Tricolpites lillei Couper, p. 62, pi. 8, figs. 116-117.

Discussion.— The observed size range was 26-27p. for the equa-

torial diameter of two specimens.
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Suggested affinities. — Ranunculaceae.

Occurrence.— Cretaceous-Paleocene. Cretaceous, New Zealand

(Couper, 1953); Lebo Formation, Paleocene, Montana (Norton and

Hall, 1969). This species is rare in the lower and upper Almond

Formation.

Tricolpites reticulatus Cookson, 1947 Pi. 18, fig. 112

1947. Tricolpites reticulatus Cookson, p. 134, pi. XV, fig. 45.

1954. Gunneritcs reticulatus Cookson in Cookson and Pike, p. 201, pi. 1, figs.

18-19.

1965. Tricolpites interangulus Newman, p. 10, pi. 1, fig. 3.

1971. Gunnera microreticulata (Belsky, Boltenhagen, and Potonie), Leffing-

well, p. 37, pi. 6, figs. 7-8.

Discussion. — Specimens from the Almond Formation are grad-

ational in shape from circular to subcircular with slight convexity

between the colpi. The latter condition does not seem to warrant

the separate species, T. interangulus . The observed size range was

20 (26) 30/A for 12 specimens.

Suggested affinities. — Haloragaceae, Gunnera.

Occurrence. — Campanian - Tertiary. Tertiary, Kerguelen

(Cookson, 1947); Tertiary, New Guinea, and Australia (Cookson

and Pike, 1954); upper Mancos, Mesaverde, lies and Williams Fork

formations, Campanian, and Lewis Formation, Maestrichtian,

Colorado (Newman, 1965); Edmonton Formation, Maestrichtian,

Alberta, Canada (Srivastava, 1966); Hell Creek Formation, Maes-

trichtian, Montana (Norton and Hall, 1967, 1969; Oltz, 1969);

Lance Formation, Maestrichtian, Wyoming, (Leffingwell, 1971).

This species occurs in the lower and upper Almond Formation.

TrlcoJpites bathyreticulatus Stanley, 1965 PI. 18, fig. 113

1965. Tricolpites bathyreticulatus Stanley, p. 320, pi. 47, figs. 18-23.

1969. Salixipollenites sp. Snead, p. 34, pi. 1, fig. 8.

Discussion. — The observed size range was 21 (23) 26/x for six

specimens.

Suggested affinities. — Dicotyledoneae.

Occurrence. — Upper Campanian-Paleocene. Fort Union Forma-

tion, Paleocene, South Dakota (Stanley, 1965); Tullock and Lebo

formations, Paleocene, Montana (Norton and Hall, 1967, 1969);

Teurian, Paleocene, New Zealand, (Mclntyre, 1968); Edmonton
Formation, Maestrichtian, Alberta, Canada (Snead, 1969); Tullock

Formation, Paleocene, Montana (Oltz, 1969); Fort Union Forma-
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tion, Paleocene, Wyoming (Leffingwell, 1971). This species occurs

in the lower and upper Almond Formation.

Tricolpites of. T. angulolumlnosus Anderson, 1960 PI. 18, figs. 114-115

1960. Tricolpites angululuminosus Anderson, p. 26, pi. 6, figs. 15-17; pi. 8,

figs. 17-18.

Discussion. — The specimens from the Almond Formation have

slightly coarser muri (1/t) in comparison to Anderson's specimens

(0.5/x), but they compare favorably in the height of the muri (1.5/i,)

and the width (ca. 2^) of the angular lumina. The size range of the

polar axis of two specimens was 39-43^ and the equatorial axis of a

third specimen was 37/a.

Suggested affinities. — Angiospermae, Dicotyledoneae.

Occurrence. — Upper Campanian-lower Paleocene. Ojo Alamo

Sandstone and Naciemiento Formation, lower Paleocene, San Juan

Basin, New Mexico (Anderson, 1960); Fort Union Formation,

Paleocene, Wyoming (Leffingwell, 1971). This species occurs in the

lower and upper Almond Formation,

Genus FRAXINOIPOLLENITES Potonie, 1960

Type species: FraxinoipoUcnitcs pudicus (Potonie), Potonie, 1960.

Fraxinoipollenites variabilis Stanley, 1965 PI. 18, figs. 116-117

1965. Fraxinoipollenites 'variabilis Stanley, p. 306, pi. 45, figs. 29-35.

Discussion. — The observed size range was 18 (20) 27ix for the

polar diameter of 12 specimens and 18 (19) 21^ for the equatorial

diameter of five specimens.

Suggested affinities.— Oleaceae, Fraxinus^

Occurrence.— Upper Campanian-Paleocene. Fort Union Forma-

tion, Paleocene, South Dakota (Stanley, 1965); Fort Union Forma-

tion, Paleocene, Wyoming (Leffingwell, 1971). This species occurs

throughout the Almond Formation.

Genus CRANWELLIA Srivastava, 1966

Type species: Crannvellia striata (Couper), Srivastava, 1966.

Cranwellia rumseyensis Srivastava, 1966 PI. 18, figs. 118-119

1966. Craniuellia rumseyensis Srivastava, p. 538, pi. 11, figs. 3, 7.

Discussion. — "C. rumseyensis differs from C. striata in having

inconspicuous or no pore chambers, slightly straight to convex sides,

bluntly rounded equatorial arms, less pronounced striations in the
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polar area" (Srivastava, 1966). The observed size range was 22

(27) 3Sfi for the equatorial diameter of seven specimens.

Suggested affinities.— Loranthaceae, Elytranthe.

Occurrence. — Upper Campanian-Maestrichtian. Edmonton

Formation, Maestrichtian, Alberta, Canada (Srivastava, 1966 and

Snead, 1969). This species occurs in the lov^^er and upper Almond

Formation.

Genus ILEXPOLLENITES Thiergart, 1937

Type species: Ilexpollenitcs U'lacus (Potonie), Thiergart, 1937.

Ilexpoilenites compactus. Stone, n. sp. PI. 18, figs. 120-121

1963. PistiUlpollenitcs? sp. Clarke, p. 100, pi. 11, figs. 18-19, unpublished.

Diagnosis.— This species is distinguished by its closely spaced

gemmate ornamentation, 2/x in height, and its small size.

Description.— The pollen grains are subcircular when seen in

polar view and elliptical in equatorial view. Three equatorially posi-

tioned indentations which are elongate parallel to the polar axis are

interpreted as colpi. These are best seen in Plate 18, figure 120.

The gemmate ornamentation is closely spaced. The gemmae are

slightly bulbose at the apex, and they are approximately 1.5;a wide

and approximately 2fi high. The size range was 21 (24) 28ju, for

nine specimens. The polar diameter is approximately the same as

the equatorial diameter.

Holoty-pe.— 'Phte 18, figure 120. Slide No. 1649-3, Coor. 27.7-

122.8, Collection No. 66W133, Section 8, Almond Formation, late

Campanian, Sec. 12, T19N, RIOIW, Sweetwater County, Wyoming.

Discussion.— Ilexpoilenites coTnpactus is conspecific with

Pistillipollenites? sp. of Clarke (1963). It has a closely spaced gem-

mate ornamentation and is distinct from P. mcgregorii Rouse (1962)

which has a widely spaced gemmate ornamentation. Drugg (1967,

p. 50) identified a comparable species as Ilexpoilenites sp.. but it

is somewhat larger (48a). /. megagevimatns Mclntyre, 1968 is

similar, but it has large gemmae (3-4/x in height and width).

Suggested affinities. — Aquifoliaceae, Ilex. This species also

agrees with Rusbyanthus cinchonifolius of the Gentianaceae as

illustrated and described by Erdtman (1952, p. 185).

Occurrence. — Upper Campanian-Maestrichtian. Vermejo

Formation, Maestrichtian, Colorado (Clarke, 1963). The species

occurs in the lower and upper Almond Formation.
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Genus ERICACEOIPOLLENITES Potonie, 1960

Type species: Ericaccoipollcnites roborrus (Potonie), Potonie, 1960.

Ericaceoipollenites rallus Stanley, 1965 PL 18, fig. 122

1965. Ericaccoipollcnitfs rallus Stanley, p. 296, pi. 44, figs. 15-18.

Discussion. — All specimens appear to be weathered. Stanley

(1965) described the species as scabrate with partially pitted exines.

Specimens from the Almond are best described as reticulate but they

agree in other characters. The observed size range was 23 (29) 37ix

for 13 specimens.

Suggested affinities. — Ericaceae, Kalmiaf

Occurrence. — Upper Campanian-Paleocene. Fort Union Forma-

tion, Palcocene, South Dakota (Stanley, 1965). This species occurs

throughout the Almond Formation.

Genus AQUILAPOLLENITES Rouse emend. Funkhouser, 1961

Type species: Aquilapollenitcs quadrilobus Rouse, 1957.

Aqullapollenites polaris Funkhouser, 1961 PI. 19, figs. 123-124

1961. Aquilapollenitcs polaris Funkhouser, p. 198, pi. 1, figs. 1-2.

Discussion.— The observed size range of the polar axis was 23

(38) 52/t for 17 specimens.

Suggested affinities. — Angiospermae.

Occurrence.— Upper Campanian-Maestrichtian. Lance Forma-

tion, Maestrichtian, Wyoming (Funkhouser, 1961); Hell Creek

Formation, Maestrichtian, Montana, (Norton, 1965; Norton and

Hall, 1969); Edmonton Formation, Maestrichtian, Alberta, Canada

(Srivastava, 1966 and Snead, 1969). This species occurs throughout

the Almond Formation.

Aquilapollenitcs pulcher Funkhouser, 1961 PI. 19, fig. 125

1961. Aquilapollntitrs pulcher Funkhouser, p. 198, pi. 1, fig. 7.

Discussion. — The observed size range of the polar axis was 26

(30) 35/i for three specimens.

Suggested affinities.— Angiospermae.

Occurrence.— Upper Campanian-Maestrichtian. Lance Forma-

tion, Maestrichtian, Wyoming (Funkhouser, 1961). This species oc-

curs in the lower and upper Almond Formation.

Aqullapollenites striatus Funkhouser, 1961 PI. 19, fig. 126

1961. Aquilapollenitcs striatus Funkhouser, p. 196, pi. 2, fig. 4.
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Discussion. — The size range of the polar axis was 27-43 fj. on

two specimens.

Suggested affinities. — Angiospermae.

Occurrence. — Upper Campanian-Maestrichtian. Lance Forma-

tion, Maestrichtian, Wyoming (Funkhouser, 1961). This species oc-

curs in the lower and upper Almond Formation.

Aquilapollenites reticulatus Stanley, 1965 PI. 19, fig. 127

1965. Aquilapollenites reticulatus Stanley, p. 348, pi. 8, figs. 1-12.

Discussion.— The reticulate exine of the body and the striate

exine of the protrusions serve to distinguish this species. The size

was 56/x for the polar axis of the single specimen observed.

Suggested affinities. — Angiospermae.

Occurrence. — Upper Campanian-Maestrichtian. Hell Creek

Formation, Maestrichtian, South Dakota (Stanley, 1961, 1965);

Hell Creek Formation, Maestrichtian, Montana (Norton, 1965;

Norton and Hall, 1969; Oltz, 1969); Edmonton Formation,

Maestrichtian, Alberta, Canada (Snead, 1969). This species occurs

only in Sample 66W237, Section 14, of the upper Almond Forma-

tion.

Genus CUPULIFEROIPOLLENITES Potonie, 1951

Type species: Cupuliferoipollenites pusillus (Potonie), Potonie, 1951.

Cupuliferoipollenites pusillus (Potonie), Potonie, 1951 PI. 19, figs. 128-129
1934. Pollenites quisqualis forma pusillus Potonie, p. 71, pi. 3, fig. 21.

1951. Cupuliferoipollenites pusillus (Potonie), Potonie, p. 150, pi. 20, fig. 69.

Discussion. — The observed size range was 13 (16) 20/a for the

polar dimension of six specimens.

Suggested affinities. — Fagaceae, Castanea.

Occurrence. — Upper Campanian-Miocene. Brightseat Forma-

tion, Paleocene, Maryland (Groot and Groot, 1962); upper Moreno

Formation, Danian, California (Drugg, 1969); Edmonton Forma-

tion, Maestrichtian, Alberta, Canada (Snead, 1969). This species

occurs in the lower and upper Almond Formation.

Genus TRICOLPOROPOLLENITES Thomson and Pflug, 1953

Type species: Tricolporopollenites dolium (Potonie), Thomson and Pflug,
1953.

Tricolporopollenites affluens (Stanley), Stone, n. comb. PI. 19, fig. 130

1962. Tricolporopollenites sp. Rouse, p. 216, pi. 5, fig. 1.

1965. Vitis? affluens Stanley, p. 311, pi. 46, figs. 18-21.
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1969. ritis sp. cf. /'. ? affluens Snead, p. 29, pi. 7. figs. 8-9.

1969. Tricolpites abatus Oltz, p. 147, pi. 41, fig. 123.

Discussion. — The description of this species remains as desig-

nated b}' Stanley. The porate nature is not obvious on all individuals.

The colpi are open only at the equator and are not gaping

as seen in the polar view. The subtriangular shape is definitive. An

equatorial orientation has not been observed. The size range of the

Almond Formation specimens was 14 (17) 24/x for seven specimens.

Suggested affinities. — Vitaceae, Vitis.

Occurrence. — Upper Campanian-Eocene. Terminal Dock

Locality, Burrard Formation, Eocene, British Columbia, Canada

(Rouse, 1962); Ludlow Member, Fort Union Formation, Paleocene,

South Dakota (Stanley, 1965); Edmonton Formation, Maestrich-

tian, Alberta, Canada (Snead, 1969); Tullock Formation, Fort

Union Group, Paleocene, Montana (Oltz, 1969). This species occurs

in the lower and upper Almond Formation.

Genus CUPANIEIDITES Cookson and Pike, 1954

Type species: Cupanicidites orthoteichus Cookson and Pike, 1954.

Cupanieidites major Cookson and Pike, 1954 PL 20, figs. 131-132

1954. CupanlrhUtcs major Cookson and Pike, p. 213, pi. 2, figs. 83-85.

1965. Cupajiiciditcs spcciosus Stanley, p. 309, pi. 46, figs. 12-17.

1966. Cupanicidites sp. Srivastava, p. 533, pi. VII, fig. 20.

1971. Cupanicidites inacqualis Leffingwell, p. 49, pi. 9, figs. 5, 9, 10.

Discussion.— C. speciosus Stanley, 1965, (18-25/.i) is apparent-

ly identical to C. major, 29-35/a (Cookson and Pike, 1954) and 25-

35/i (Norton and Hall, 1969) except for its slightly smaller size.

The observed size range of nine specimens from the Almond Forma-

tion was 17 (21) 24/i. This species exhibits a tricolporate aperture

with the colpi uniting at the poles. The morphological term "syn-

colporate" is preferred to describe this condition. It is analogous to

the term "syncolpate".

Suggested affinities. — Sapindaceae, Cupanieae.

Occurrence. — Upper Campanian-Eocene. Eocene, Victoria,

Australia, (C major) (Cookson and Pike, 1954); Hell Creek Forma-

tion, Maestrichtian, South Dakota (Stanley, 1965); Edmonton
Formation, Maestrichtian, Alberta, Canada, (C. sp.) (Srivastava,

1966); upper Moreno Formation, Maestrichtian-Danian California,

(C. major) (Drugg, 1967); Hell Creek Formation, Maestrichtian,

and Tullock Formation, Paleocene, Montana, (C. major) (Norton
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and Hall, 1969); Hell Creek Formation, Maestrichtian, Montana

(Oltz, 1969); Lance Formation, Maestrichtian, and Tullock Mem-
ber, Fort Union Formation, Paleocene, Wyoming (Leffingwell,

1971), This species occurs in the lower and upper Almond Forma-

tion.

Genus ENGELHARDTIOIDITES Potonie, Thomson, and Thiergart, 1950

Type species: Engelhardtioidites inicrocoryphacus (Potonie), Potonie,

Thomson, and Thiergart, 1950.

Engelhardtioidites minutus Newman, 1965 PI. 20, fig. 133

1965. Engelhardtioidites minutus Newman, p. 13, pi. 1, fig. 8.

Discussion.— The size range was 10 (13) 14/^ for 11 specimens.

Suggested ajjinities.— Angiospermae,

Occurrence. — Campanian-Maestrichtian. Upper Mesaverde,

lower Wasatch, Williams Fork, Lewis, and Lance formations, Cam-
panian, Maestrichtian, Colorado (Newman, 1965). This species

occurs in the lower and upper Almond Formation.

Genus TRIPOROPOLLENITES Pflug ex Thomson and Pflug, 1953

Type species: Triporopollenites coryloides Pflug in Thomson and Pflug,

1953.

Triporopollenites sp. B Clark, 1963 PI. 20, fig. 134

1963. Triporopollenites sp. B Clarke, p. 94, pi. 11, figs. 5, 6, unpublished.

Discussion. — The observed size range was 25 (28) 32/^ for

eight specimens.

Suggested ajjinities.— Betulaceae.

Occurrence. — Upper Campanian-Maestrichtian. Vermejo For-

mation, Maestrichtian, Colorado (Clarke, 1963). This species occurs

in the lower and upper Almond Formation.

Triporopollenites rugatus Newman, 1965 Pi. 20, fig. 135

1964. Caryapollenites sp. Newman, pi. 1, fig. 16.

1965. Triporopollenites rugatus Newman, p. 12, pi. 1, fig 7.

Discussion.— The observed size range was 19 (26) 32^^ for 10

specimens. Caryapollenites scabratuj Groot and Groot of Snead

(1969) may be conspecific.

Suggested ajjinities. — Juglandaceae, Engelhardtia (Norton
and Hall, 1969).

Occurrence.— Upper Campanian-Paleocene. Wasatch and Fort
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Union formations, Paleocene, Colorado (Newman, 1965); Hell

Creek Formation, Maestrichtian, Montana (Norton and Hall, 1967,

1969). This species occurs in the lower and upper Almond Forma-

tion.

Genus CONCLAVIPOLLIS Pflug, 1953

Type species: ConclavipoUis anulopyram'ts Pflug, 1953.

Conclavipollis wolfcreekensis Newman, 1965 PI. 20, fig. 136

1965. ConclavipoUis ivolfcreckcnsis Newman, p. 13, pi. 1, fig. 10.

Discussion. — The observed size range was 18 (21) 26/x for five

specimens.

Suggested affinities. — Angiospermae, Dicotyledoneae.

Occurrence. — Campanian. Upper Mancos, lower Mesaverde,

lies and lower Williams Fork formations, Campanian, Colorado

(Newman, 1965). This species occurs in the upper Almond Forma-

tion.

Genus SPOROPOLLIS Pflug, 1953

Type species: Sporopollis documentum Pflug, 1953.

Sporopollis of. S. laqueaeformis Weyland and Greifeld, 1953
PI. 20, fig. 137

1953. Sporopollis laqueaeformis Weyland and Greifeld, p. 45, pi. 13, figs.

111-112.

Discussion. — The size of the single specimen observed was 20/x.

It seems to be identical with S". laqueaeformis as used by Newman
(1965); however, Weyland and Greifeld's specimens have more

strongly protruding pores.

Suggested affinities. — Angiospermae, Dicotyledoneae.

Occurrence. — Upper Cretaceous. Mancos, Mesaverde, lies, and

Williams Fork formations, Campanian, Colorado (Newman, 1965).

This species occurred only in Sample 66W218 of Section 14 of the

upper Almond Formation.

Genus PLICAPOLLIS Pflug, 1953

Type species: Plicapollis serta Pflug, 1953.

Plicapollis sp. PI, 20, flg. 138

Discussion. — Two specimens were observed, 24/i and 26/* in

size. They were not identified as to species but appear to belong

in the genus Plicapollis and somewhat resemble P. conserta Pflug,

1953.
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Suggested affinities. — Angiospermac, Dicotyledoneae.

Occurrence. — Upper Campanian. This species occurred only in

Sample 66W129 of Section 8 and Sample 66W241 of Section 4 of

the lower and upper Almond respectively.

Genus TRUDOPOLLIS Pflug, 1953

Type species: TriidapoUis pcrtrudcrts (Pflug), Pflug, 1953.

Trudopollis meekeri Newman, 1965 PL 20, figs. 139a, 139b

1965. Trudopollis meekeri Newman, p. 14, pi. 1, fig. 12.

Discussion. — The observed size range was 25 (28) 32/la for

three specimens. Comparable Santonian species have been figured

by Gray and Groot (1966) and Doyle (1969).

Suggested affinities. — Angiospermae, Dicotyledoneae.

Occurrence. — Campanian. Mancos Shale, Mesaverde, lies and

Williams Fork formations, Campanian, Colorado (Newman, 1965).

This species occurs in the upper Almond Formation.

Genus PROTEACIDITES Cookson ex Couper, 1953

Type species: Proteacidites adenanthoides Cookson, 1950.

Proteacidltes retusus Anderson, 1960 PI. 20, figs. 140-142

1960. Proteacidites retusus Anderson, p. 21, pi. 2, figs. 5-7.

Discussion.— This species is distinguished from P. thalmanni

on the basis of its pores which appear circular in polar view; where-

as, those of P. thahnanni are notchlike in polar view. The two species

probably represent end members of a continuum of pore shapes. In-

dividuals which conform in size, ornament, and pore shape but

which have thinner annuli are included in this species (PI. 20, fig.

141). Even though Anderson's description specifies a thick endan-

nulus there does not seem to be sufficient difference to warrant a

new species. The observed size range was 18 (27) 34/i, for 18 speci-

mens.

Suggested affinities.— Proteaceae.

Occurrence. — Upper Campanian-Danian. Kirtland Shale, up-

permost Cretaceous, San Juan Basin, New Mexico (Anderson,

1960); Hell Creek Formation, uppermost Cretaceous, South Dakota

(Stanley, 1965); upper Moreno Formation, Maestrichtian-Danian,

California (Drugg, 1967). This species occurs throughout the Al-

mond Forniation.
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Proteacidltes thalmanni Anderson, 1960 PI. 20, figs. 143-144

1960. Protcac'uiitcs thalmanni Anderson, p. 21, pi. 2, figs. 1-4; pi. 10, figs. 9-13.

1962. Proteacidltes tcrrazus Rouse, p. 205, pi. 2, figs. 20-22.

1966. Proteacidites thalmanni var. major Srivastava, p. 536, pi. VII, fig. 7.

Discussion.— This species is distinguished on the basis of its

pores which are a shallow notchlike "V" shape in polar view and are

not circular as in P. retusus. The observed size range was 19 (26)

35/£ for 10 specimens. Published sizes vary from 17-54/x.

Suggested affinities.— Proteaceae.

Occurrence. — Upper Campanian-Danian. Kirtland Shale and

Lewis Shale, uppermost Cretaceous, San Juan Basin, New Mexico

(Anderson, 1960); Burrard Formation (Brothers Creek Locality),

Upper Cretaceous, Vancouver, British Columbia, (P. terrazus),

(Rouse, 1962); Mt. Laurel-Navesink formations, Woodbury Clay

and Merchantville Formation, Senonian, Delaware and New Jersey

(Gray and Groot, 1966); upper Edmonton Formation, Maestrich-

tian, Scollard, Alberta, (P. thalmanni var. major), (Srivastava,

1966); upper Moreno Formation, Maestrichtian-Danian, California

(Drugg, 1967). Campanian and Turonian occurrences have been

indicated for the genus Proteacidites by Tschudy (1965) and Orlan-

sky (1968); Fox Hills and Hell Creek formations, Maestrichtian,

and Tullock Formation, Paleocene, Montana (Oltz, 1969). This

species occurs throughout the Almond Formation.

Gtenus ULMIPOLLENITES Wolff, 1934

Type species: Ulmipollcnites undulosus Wolff, 1934.

Ulmipollenites granulatus Stone, n. sp. PI. 20, figs. 145-146

Diagnosis.— The granulate exine and the near absence of arci

distinguish this species.

Description.— The grains are rounded-triangular to subcircu-

lar in shape. The three or four pores are equatorial, circular in out-

line and about 2.5/x in diameter. The annuli are slightly developed

and about Ijj. in width. Arci are not distinct. The exine is about

l.Sjj. in thickness and ornamented with more or less circular granules

1.5-2/i in diameter. The observed size range was 18 (22) 2S/x for

seven specimens.

Holotype. — VUtc 20, figure 145. Slide No. 3055AVn, Coor.

40.5-113.5, Collection No. 66W250, Section 14, Almond Formation,
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Late Campanian, Sec. 36, T20N, RIOIW and Sec. 31, T20N, RIOOW,

Sweetwater County, Wyoming.

Discussion.— This species may be conspecific with Ulmipol-

lenites undulosus Wolff, 1934, as used by Norton and Hall (1969).

U. granulatus was not included in that species because U . gramdatus

lacks distinct arci and its ornamentation is not considered to be

rugulate. Triporate individuals were observed most often.

Suggested affinities. — Ulmaceae.f', Zelkova?

Occurrence. — Upper Campanian-Paleocene. Lance Formation,

Maestrichtian, and Fort Union Formation, Paleocene, Wyoming
(Leffingwell, 1971). This species occurs in the lower and upper

Almond Formation.

Genus ALNIPOLLENITES Potonie 1931

Type species: Alnipollenites 'vcrus (Potonie), Potonie, 1934.

AInipoMenites quadrapollenites (Rouse), Srivastava, 1966 PI. 20, fig. 147

1962. Alnus quadrapollenites Rouse, p. 202, pi. 2, figs. 9, 36.

1966. Alnipollenites quadrapollenites (Rouse), Srivastava, p. 530, pi. VII,

fig. 3.

Discussion. — The size range was 21 (25) 30/a for the three

specimens measured. A specimen of Alnus trina Stanley, 1965 (PL

43, fig. 6) is comparable but smaller (range 13-19/a).

Suggested affinities. — Betulaceae, Alnus.

Occurrence. — Upper Campanian-Eocene. Burrard Formation,

Eocene (in part.''), British Columbia, Canada (Rouse, 1962); Ed-

monton Formation, Maestrichtian, Alberta, Canada (Srivastava,

1966). This species occurs in the lower and upper Almond Forma-

tion.

Genus ERDTMANIPOLLIS Krutzsch, 1962

Type species: Erdtmanipollis pachysandroides Krutzsch, 1962.

Erdtmanipollis pachysandroides Krutzsch, 1962 PI. 20, figs. 148-150

1962. Erdtmanipollis pachysandroides Krutzsch, p. 281, pi. 8, figs. 1-8.

1965. Pachysandra cretacea Stanley, p. 294, pi. 44, figs. 1-9.

1969. Erdtmanipollis cretaceous (Stanley), Norton in Norton and Hall, p. 43,

pi. 5, figs. 21.

1969. Erdtmanipollis cretacea (Stanley), Oltz, p. 140, pi. 41, fig. 100.

Discussion.— The size variation or P. cretacea, 20-40/*, (Stan-

ley, 1965) is not considered sufficient basis for its separation from

E. pachysandroides, 25-35/*, (Krutzsch, 1962). This contention was
advanced by Snead (1969). Specimens with the ektexine removed
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were common. The observed size range was 29 (34) 40/x for eight

specimens.

Suggested affinities.— Buxaceae, Pachysandra or Sarcococca.

Occurrence. — Upper Campanian-Oligocene. Oligocene, Ger-

many (Krutzsch, 1962); Hell Creek Formation, Maestrichtian, and

Ludlow Member, Fort Union Formation, Paleocene, South Dakota

(Stanley, 1965); upper Moreno Formation, Maestrichtian-Danian,

California (Drugg, 1967); Bearpaw, Fox Hills, and Hell Creek

formations, uppermost Cretaceous, and Tullock Formation, Paleo-

cene, Montana (Norton and Hall, 1969); Edmonton Formation,

Maestrichtian, Alberta, Canada (Snead, 1969); Bearpaw, Fox Hills

and Hell Creek formations, uppermost Cretaceous, Montana (Oltz,

1%9). This species occurs throughout the Almond Formation.

ADDENDA
Genus STELCKA Srivastava, 1969

Type species : Stelckia vera Srivastava, 1969.

Stelcka of. S. vera Srivastava, 1969 PI. 19, fig. 130A

1969. Stelcka vera Srivastava, p. 58, pi. II, fig. 23.

Discussion. — A single poorly preserved specimen (22/^,) was

observed which compares favorably with this species.

Suggested affinities. — Berberidaceae. Comparable apertures

may be found in Berberis quindikensis

.

Occurrence. — Upper Campanian-Maestrichtian. Edmonton
Formation, Maestrichtian, Alberta, Canada (Srivastava, 1969).

This species occurs only in Sample 66W140 of Section 8 of the

lower Almond Formation,

Stelcka unica Srivastava, 1969 PI. 19, fig. 130B

1969. Stelcka unica Srivastava, p. 58, pi. II, fig. 24.

Discussion. — The size of the single individual found was 23/t.

Suggested affinities.— Berberidaceae,

Occurrence. — Upper Campanian-Maestrichtian. Edmonton
Formation, Maestrichtian, Alberta, Canada (Srivastava, 1969).

This species occurs only in Sample 66W140 of Section 8 of the lower

Almond Formation,

Stelcka xenoforma Srivastava, 1969 PL 19, fig. 130C

1969. Stelcka xenoforma Srivastava, p. 60, pi. II, fig. 25.
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Discussion. — The size of the individual found was 32fi.

Suggested affinities. — Berberidaceae.

Occurrence. — Upper Campanian-Maestrichtian. Edmonton

Formation, Maestrichtian, Alberta, Canada (Srivastava, 1969).

This species occurs only in Sample 66W140 of Section 8 of the lower

Almond Formation.
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Explanation of Plate 1

Figure Page

1. Pediastrum paleogeneites Wilson and Hoffmeister, 1953 49

66\V139 (3), 44.0-115.6, 70m, XlOOO.

2. Botryococcus sp. A 49

66W233 AIV, 40.0-114.1, 79/x, XlOOO, 2b X2000.

3. Palambages form A Manum and Cookson, 1964 49

66W241 AIV, 30.6-122.8, 79m, XlOOO.
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Explanation of Plate 2

Figure Page

4. Dinogymnlum nelsonense (Cookson), Evitt, Clarke, and
Verdier, 1967 50

66W233 AIV, 35.3-125.8, 72ai, XlOOO.

5,6. Dinogymnium sp. 1 50

5. 66W220 AIV, 32.1-126.2, 35m, XlOOO, 6. 66W223 AIV, 30.1-

120.2, 34m, XlOOO.

7. Deflandrea microgranulata Stanley, 1965 50

66W221 AIV, 39.8-114.9, ZSti, XlOOO.

8-11. Deflandrea cf. D. pirnaensis Albert!, 1959 51

8. 66W221 AI, 34.8-109.5, 75m. XlOOO. 9. 66W221 AIV, 43.9-

112.2, 79«, XlOOO. 10. 66W221 AIV, 33.5-124.9, 62u, XlOOO.
11. 66W241 AIV, 35.2-115.4, 26«, XlOOO, operculum.
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Explanation of Plate 3

Figure Page

12. 13. Deflandrea cooksoni Alberti, 1959 52

12. 66W240 AlV, 37.4-114.2, 104,", XlOOO. 13. 66W240 AIV,
47.3-110.3, 95/", XlOOO.

14. Deflandrea magnifica Stanley, 1965 52

66W22C AIII, 42.8-123.6, 105,", XlOOO.



Bull. Amer. Paleont., Vol. 64 Plate 3

13

r
14



Bull. Aimer. Paleont.. Vol. 64



Cretaceous palynology Wyoming: Stone 115

Explanation of Plate 4

Figure „Page
15. Deflandrea pannucea Stanley, 1965 52

66W226 AIV, 36.6-125.2, 132m, XlOOO.

16. Deflandrea cf. D. verrucosa Manum, 1963 53
66W218 AIV, 37.6-119.0, 86m, XlOOO.

17. Spinidinium densispinatum (Stanley) 1965 53
66W221 AIV, 36.9-117.9, 64m, XlOOO.
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Explanation of Plate 5

Figure Page

18,19. Trithyrodinium druggii Stone, n. sp 54

18. 66\V231 AI, 43.2-118.6, 64m, XIOOO. 19. 66W226 AIV,
44.5-114.0, 73u, XlOOO. 19A. 66W218 All, 31.3-124.8, 75^,

XIOOO.

20. Palaeocystodinium benjaminii Drugg, 1967 55

66W226 AIV, 38.9-123.1, 207m, X500.
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Explanation of Plate 6

Figure Page

21. Palaeocystodjnium benpaminii, Drugg, 1967 55

66W98 AI, 42.0-127.8, 202m, XlOOO.

22-24. Hystrichosphaerldium tubiferum (Ehrenberg), Deflandre,
1937 55

22. 66W220 AIII, 32.5-119.1, 42a4 excluding processes XlOOO.
23. 66W221 AIV, 43.0-121.9, 21^ operculum, XlOOO. 24.

66W231 AI, 47.9-119.0, 52/-' excluding processes, XlOOO.
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Explanation of Plate 7

Figure Page

25. Cordosphaerldlum fibrospinosum Davey, et al., 1966 56

66W226 AIV, 3L3-118.0, 81m, XlOOO.

26,27. Forma A sp. 1 Zaitzeff, 1967 56

26. 66W221 AIV, 38.0-115.0, 68m, XlOOO. 27. 66W223 AIV,
41.7-119.2, 27m, XlOOO.
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Explanation of Plate 8

Figure Page

28, 29. Diphyes colligerum (Deflandre and Cookson), Cookson
emend. Davey, et al., 1966 57

28. 66W226 AIV, 33.3-114.2, 32m excluding spines, XlOOO.
29. 66W221 AIV, 37.9-122.0, artifact, XlOOO.

30. Spiniferltes ramosa var. membranacea (Rossignol) Sarjeant,
1970 57

66W221 AIV, 37.8-122.1, 42/^ e-xcluding processes, XlOOO.

31. Cyclonephelium sp. 1 Zaitzeff, 1967 58

66W378 AI, 37.7-127.4, 58m, XlOOO.

32,33. Cassidium fragills (Harris) Drugg, 1967 58
32. 66W133 (3), 43.3-126.8, 52m, XlOOO. 33. 66W133 (3),

44.7-125.9, eSfi, XlOOO.
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Explanation of Plate 9

Figure "age

34,35. Membranosphaera maastrichtica Samoilovitch, 1961 58

34. 66W237 AI, 31.5-126.9, 34m, XIOOO. 35. 66W221 AIV,

35.8-124.0, 39m, XlOOO.

36. Palaeohystrlchophora infusoriodes Deflandre, 1934 59

66W237 AIV, 33.3-112.3, 48m, XlOOO.

37. Micrhystridium densispinum Valensi, 1953 59

66\V221 AIV, 39.6-126.1, 13m, XlOOO.

38. Micrhystridium inconspicuum (Deflandre), Deflandre, 1937 59

66W239 BIV, 37.7-119.1, 11m, XlOOO.

39. Micrhystridium piliferum Deflandre, 1937 60

66W221 AIV, 33.3-120.0, 24m, XlOOO.

40. Micrhystridium fragile Deflandre, 1947 60

66W231 -M, 37.3-113.8, 18m excluding spines, XlOOO.

41. Micrhystridium eupeplos Valensi, 1953 60

66W226 AIV, 37.7-119.0, 19m, XlOOO.

42,43. Genus A, sp. A 61

42. 66W468 AIV, 44.8-113.7, 32m, XlOOO. 43. 66V^144 AIV,
38.4-123.2, 26m, XlOOO.

44. Palaeostomocystis laevigata Drugg, 1967 61

66W99 AIV, 45.9-112.4, 38m, XlOOO.

45. Pterospermopsis australiensis Deflandre and Cookson, 1955 61

66W225 AI, 38.2-116.8, 40m, XlOOO.

46. Schizosporis cooksoni Pocock, 1962 62

66W129 (3), 45.2-115.3, 56m. XlOOO.
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Explanation of Plate 10

Figure Page

47. Schizosporis parvus Cookson and Dettman, 1959 62

67W1 AIV, 30.5-117.3, 98^, XIOOO.

48. Laevigatosporites ovatus Wilson and Webster, 1946 63

66W138 (3), 32.9-119.7, 52/^, XIOOO.

49,50. Polypodiisporites favus (Potonie), Potonie, 1934 64

49. 66W431 AIV, 43.9-119.8, 58m, XIOOO. 50. 66W468 AIV,
42.0-113.5, Um, XIOOO.

51. Todisporltes cf. T. minor Couper, 1958 64

66W221 AIV, 41.5-116.8, 25,", XIOOO.

52. Deltoidospora diaphana Wilson and Webster, 1946 64

66W233 AIII, 31.4-119.1, Zl/J., XIOOO.

53. Alsophilidites kerguelensis Cookson, 1947 65

66W221 AIV, 37.8-124.9, 26m, XlOOO.

54. Gleichenildites senonicus Ross, 1949 65

66W228 BIV, 41.4-115.0, 19m, XlOOO.

55. Stereisporites antiquasporites (Wilson and Webster),
Dettmann, 1963 66

66W129 (3), 41.0-116.2, 26m, XlOOO.

56. Cingulatisporites dakotaensis Stanley, 1965 66

66W139 (3), 41.9-119.1, 30m. XlOOO.
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Explanation of Plate 11

Figure Page

57. Foveosporites canalis Balme, 1957 67

66W129 (3), 45.8-119.1, 45/", XlOOO.

58, 59. Conbaculatisporites undulatus (Leffingwell) Stone, n. comb. 67

58. 66W133 (3), 38.3-120.1, 38m, XlOOO. 59. 66W133 (3),
29.9-112.0, 40m, XlOOO.

60. Undulatisporis rugulatus Stone, n. sp 68
66W140 (3), 44.3-119.3, 22m, XlOOO.

61. Hamulatisporis hamulatis Krutzsch, 1959 68
66W139 (3), 42.8-115.0, 27m, XlOOO.

62. Cicatricosisporites dorogensis Potonie and Gelletich, 1933 69
66W105 AIV, 41.1-112.3, 39m, XlOOO.

63. Appendicisporites cf. A. dentimarginatus Brenner, 1963 69
66W133 (3), 37.9-114.6, 60m, XlOOO.

64. Foveasporis triangulus Stanley, 1965 70
66W133 (3), 45.4-121.5, 56m, XlOOO.

65. Zlivisporis novomexicanum (Anderson), Leffingwell, 1971 70

66W129 (3), 22.7-112.2, 50^, XlOOO.

66. Lycopodiumsporites austroclavatidites (Cookson)
Pontonie, 1956 71

66W133 (3), 24.9-118.8, 39m. XlOOO.
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Explanation of Plate 12

Figure Page

67-69. Styx minor Norton, 1967 71
67. 66W133 (3), 50.5-119.2, 122ai overall, 66m spore body

XIOOO. 68. 66W133 (3), 49.9-111.9, S9fi spore body, XlOOO.
69. 66W133 (3), 26.5-113.8, 65m spore body, XlOOO.
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Explanation of Plate 13

Figure Page

70. Styx major Norton, 1967 72

66W221 AIV, 36.2-125.7, 300^ overall, USfJi spore body, X500.

71. Azolla sp 72

66W133 (3), 26.0-114.3, 86m glocidia, XlOOO.
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Explanation of Plate 14

Figure Page

72. Inaperturopollenites dubius (Potonie and Venitz),

Thomson and Pflug, 1953 65

66W139 (3), 34.0-126.1, 31/", XlOOO.

73. Inaperturopollenites atlanticus Greet, Penny, and
Greet, 1961 73

66W232 AIV^ 43.5-120.1, 59„, XlOOO.

74. Laricoidites magnus (Potonie), Potenie, Thomson, and
Thiergart, 1950 74

67W1 AIV, 34.0-123.0, 78m, XlOOO.

75. Laricoidites gigantus Brenner, 1963 74

66W369 AI, 44.9-114.4, 127m, XlOOO.
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Explanation of Plate IS

Figure Page

76. Araucariacites limbatus (Balme), Habib, 1969 75

66W237 AIV, 45.7-124.7, 72m, XlOOO.

77. Taxoriaceaepollenites riatus (Pontonie), Kremp, 1949 75

66W129 (3), 45.5-119.2, 37m, XlOOO.

78. Cycadopites follicularis Wilson and Webster, 1946 76

66W133 (3), 43.7-118.8, 35m, XlOOO.

79. Cycadopites pseudolatus Stone, n. sp 76

66W133 (3), 39.4-125.1, 30m, XlOOO.

80,81. Monosulcites scabratus (Stanley) Stone, n. comb 77

80. 66W133 (3), 31.2-122.0, 30m, XlOOO. 81. 66W252 AIV,
40.1-111.0, 32m, XlOOO.

82. Eucommiidites couperi Anderson, 1960 77

66W226 AIV, 43.2-115.1, 26m, XlOOO.

83. Equisetosporites ovatus (Pierce), Singh, 1964 78

66W250 AVII, 32.4-121.2, 39m, XlOOO.

84. Vitreisporites pallidas (Reissinger), Nilsson, 1958 78

66W221 AIV, 29.4-113.9, 34m, XlOOO.

85. Phyllocladidites mawsonii Cookson ex Couper, 1953 78

66VV136 (3), 33.0-118.8, 50m, XlOOO.

86. Podocarpidites maximum (Stanley), Norton, 1969 79

66W29 AI, 41.6-117.2, 58m, XlOOO.

87. Cedripites parvus Norton, 1969 77

66W139 (3), 29.6-115.0, 69m, XlOOO.

88. Abietineaepollenites foveoreticulatus Norton, 1969 77

66W237 AIV, 40.3-125.8, 65m, XlOOO.
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Explanation of Plate 16

Figure Page

89. Alisporites grandis (Cookson), Dettman, 1963 80

66W139 (3), 28.6-119.1, 92;", XlOOO.

90. Rugubivesiculites floridus Pierce, 1961 80

66W144 AIV, 35.1-123.2, 50/x, XlOOO.

91. Tsugaepollenites igniculus (Potonie), Potonie and
Venitz, 1934 81

66W133 (3), 43.6-124.9, 48/^, XlOOO.

92. Quadripoilis krempii Drugg, 1967 81

66W237 AIV, 38.1-125.0, 56m, XlOOO.

93. Classopollis classoides Pflug emend. Pocock and
Jansonius, 1961 81

66W221 AIV, 33.8-115.8, 31m, XlOOO.
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94. Spermatites sp 82

67W1 AIV, 29.6-115.3, 279/i, x500.

95. Arecipites reticuiatus (Van der Hammen), Anderson, 1960 82

66W244 AIV, 33.5-114.0, 27/^, XlOOO.

96. Liliacidites leei Anderson, 1960 83

66W133 (3), 37.9-113.2, 40m, XlOOO.

97,98. Liliacidites complexus (Stanley), Leffingwell, 1971 83

97. 66\V234 AI, 45.2-125.3, 36m, XlOOO. 98. 66W233 AIV,
32.1-126.2, 41u, XlOOO, optical section.
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99,100. Tricolpopollenltes parvulus Greet and Penny, 1960 83

99. 66W244 AIV, 36.6-118.8, 12m, XIOOO. 100. 66W129 (3),

35. 8-119. 8, 12/^, XlOOO.

101. Tricolpopollenltes microscabratus Norton and Hall, 1969 84

66W133 (3), 29.1-115.1, 16u, xlOOO.

102, 103. Tricolpopollenltes microretlculatus Norton and Hall, 1969 84

102. 66W221 AIV, 38.9-125.1, 14m, XlOOO. 103. 66W136 (3),

39.3-126.3, 16m, XlOOO.

104, 105. Tricolpopollenltes clavlreticulatus Norton and Hall, 1969 84

104. 66W234 AI, 44.6-113.9, 12,", XlOOO. 105. 66W239 BIV,
43.3-119.1, 18m, XlOOO.

106. Tricolpopollenltes dellclavatus Oltz, 1969 85

66W224 BIV, 29.6-120.0, 17m. XlOOO.

107. Tricolpopollenltes compactus Norton, 1969 85

66W234 AI, 47.5-125.2, 26m, XlOOO.

108. Trlcolpltes mutabilis Leffingwell, 1971 85

66W139 (3), 27.8-121.9, 14m, XlOOO.

109, 110. Trlcolpltes psilascabratus Norton, 1969 86

109. 66W139 (3), 31.7-125.1, 25m, XlOOO. 110. 66W251 AIV,
46.5-125.0, 24m, XlOOO.

111. Trlcolpltes lillei Couper, 1953 86

66W133 (3), 24.9-119.0, 26m, XlOOO.

112. Trlcolpltes reticulatus Ceoksen, 1947 87

66W237 AIV, 36.7-120.0, 28m, XlOOO.

113. Trlcolpltes bathyreticulatus Stanley, 1965 87

66W231 AI, 31.7-112.1, 24m, XlOOO.

114, 115. Trlcolpltes cf. T. angulolumlnosus Anderson, 1960 88

114. 66W126 (3), 34.3-115.8, 37m, XlOOO. 115. 66W137 (3),

42.1-120.0, 39m, XlOOO.

116,117. Fraxinolpollenites variabilis Stanley, 1965 88

116. 66W250 AVII, 42.6-120.1, 18m, XlOOO. 117. 66W139 (3),

28.3-125.2, 18m, XlOOO.

118, 119. Cranweillia rumseyensis Srivastava, 1966 88

118. 66W139 (3), 26.6-120.1, 26m, XlOOO. 119. 66W237 AIV,
39.9-110.5, 38m, XlOOO.

120,121. Ilexpollenites compactus Stone, n. sp 89

120. 66W133 (3), 29.7-122.8, 26m, XlOOO. 121. 66W139 (3),
35.9-125.3, 28m, XlOOO.

122. Eriicaceolpolienltes rallus Stanley, 1965 90
66W244 AIV, 35.9-117.1, 28m, XlOOO.
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123,124. Aquilapollenltes polarls Funkhouser, 1961 90

123. 66W2 AI, 52.5-125.2, 37/t polar axis, XlOOO. 124. 66W10
AI, 23.0-113.1, 60i" overall, XlOOO.

125. Aquilapollenltes pulcher Funkhouser, 1961 90

66W129 (3), 28.7-120.0, 29m polar axis, XlOOO.

126. Aquilapollenltes striatus Funkhouser, 1961 90

66W139 (3), 46.8-119.1, 43m polar axis, XlOOO.

127. Aquilapollenltes reticulatus Stanley, 1965 91

66W237 AIV, 38.7-125.3, 56m, XlOOO.

128, 129. Cupuliferoipollenites pusillus (Potonie), Potonie, 1951 91

128. 66W129 (3), 33.0-117.1, 15m, XlOOO. 129. 66W139 (3),

38.6-115.0, 14m, XlOOO.

130. Tricolporopollenites affluens (Stanley), Stone, n. comb 91

66W129 (3), 34.6-114.2, 15m, XlOOO.

130\ Stelckia of. S. vera Srivastava, 1969 98

66W140 (3), 24.0-126.2, 22m, XlOOO.

130". Stelckia unica Srivastava, 1969 98

66W140 (3), 23.8-126.1, 23m, XlOOO.

130^. Stelckia xenoforma Srisvastava, 1969 98

66Wi40 (3), 39.6-113.0, 32m, XlOOO.
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131,132. Cupanieidites major Cookson and Pike, 1954 92

131. 66W233 AIV, 35.3-126.0, 22At, XlOOO. 132. 66W241 AIV,
31.0-117.8, 21/t, XlOOO.

133. Engelhardtioidites minutus Newman, 1965 93

66W251 AIV, 41.0-120.0, 13m, XlOOO.

134. Triporopollenites sp. B Clarke, 1963 93

66W139 (3), 33.7-118.7, 32/^, XlOOO.

135. Triporopollenites rugatus Newman, 1965 93

66W252 AIV, 44.1-119.1, 26^^, XlOOO.

136. Conclavipoliis wolfcreekensis Newman, 1965 94

66W451 BI, 35.5-126.2, 18At, XlOOO.

137. Sporopollis cf. S. laqueaeformis Weyland and Griefeld, 1953 94

66W218 All, 36.5-125.5, 20m, XlOOO.

138. Piicapollis sp 94

66W129 (3), 49.1-113.9, 24m, XlOOO.

139. Trudopollis meekeri Newman, 1965 95

66W233 AIV, 35.3-113.8, 28m, I39a polar focus, 139b equatoral

section, XlOOO.

140-142. Proteacidites retusus Anderson, 1960 95

140. 66W223 (3), 43.0-118.0, 29m, XlOOO. 141. 66W223 (3),
48.7-120.0, 3lM, XlOOO. 142. 66W139 (3), 42.1-125.1, 32m,

XlOOO.

143, 144. Proteacidites thalmanni Anderson, 1960 96

143. 66W134 AI, 36.8-114.2, 22m, XlOOO. 144. 66W223 AVII,
47.3-117.3, 24m, XlOOO.

145, 146. Ulmipollenites granulatus Stone, n. sp 96

145. 66W250 AVII, 40.5-113.5, 25m, XlOOO. 146. 66W193 AI,
42.6-113.0, 24m, XlOOO.

147. Ainipollenites quadrapollenites (Rouse), Strivastava, 1966 97

66W226 AIV, 36.1-121.4, 30m. XlOOO.

148-150. Erdtmanipollis pachysandroides Krutzsch, 1962 97
148. 66W139 (3), 31.5-122.9, 37m, XlOOO. 149. 66W241 AIV,

41.5-123.2, 29m. 149a outer surface, 149b optical section,

partially detached ektexine, XlOOO. 150. 66W226 AIII, 33.4-

120.6, 30m, endexine only, XlOOO.
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ABSTRACT
The Pennsylvanian Missourian Hogshooter Formation of northeastern Ok-

lahoma locally contains abundant tabulate corals, crinoids, and rare blastoids in

calcarenites and calcareous shales. These organisms are most abundant in reef

associated beds at a single locality. None were collected from the phylloid algal

mound complex wliich comprises most of the Hogshooter outcrop belt in Okla-

homa.
Species of four tabulate coral genera are described from reef flank beds. They

are Sutherlandia cf. S. irregularis Cocke and Bowsher, 1968, Striatopora kolmani,
n. sp., Michelinia adibilus, n. sp., and Cladochonus conus, n. sp. From the same
locality the echinoderms Aglaocrinus compactus Moore and Plummer, 1940,

Lecythiocrinus graybilli, n. sp., Delocrinus cf. D. verus Moore and Plummer,
1940, Erisocrinus sp., Graffhamicrinus sp., Paragassizocrinus mcguirei Strimple,

1939, and Agmoblastus dotti (Moore and Strimple, 1942) were recovered. Addi-
tional species of crinoids known from two other localities are Erisocrinus cf. E.
typus, Sciadiocrinus sp., Sciadiocrinus abolitus, n. sp., Ulocrinus buttsi Miller

and Gurley, 1890, Laudonocrinus sp. Laudonocrinus subsinuatus Moore and
Plummer, 1940, and Parerisocrinus obovatus (Moore and Plummer, 1940)

.

INTRODUCTION
Tabulate corals and echinoderms are only locally abundant in

thin shales and calcarenites of the Hogshooter Formation, Missoiu:-

ian of Oklahoma. The formation is characterized by considerable

lithic variability southward from the Kansas-Oklahoma boundary

to southern Tulsa County, Oklahoma. It consists of four members
in ascending order, Canville Limestone, Stark Shale, Lost City

Limestone and Winterset Limestone. The Hogshooter Formation

has been correlated with the Dennis Formation of Kansas (Oakes,

1940; Oakes, 1952; Cronoble and Mankin, 1965). Near the Kansas-

Oklahoma boundary, the Hogshooter is composed of crinoid-rich cal-

carenites and calcilutites. Southward, near Bartlesville, Oklahoma,

the formation consists of a phylloid algal mound complex (Heckel

and Cocke, 1969) which extends several miles along the outcrop

belt. No corals, crinoids, or blastoids were collected from the mound
complex; however, extensive collecting was not attempted. In the

vicinity of Ramona, Oklahoma, which lies a few miles south of the

southernmost extent of the algal complex, a local reef is present
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in the Winterset Member. Beds associated with this reef furnished

all of the tabulate corals and many of the echinoderms described

or discussed here. Strimple recognized the reefoid characteristics of

this structure and brought them to the attention of William Cron-

oble who subsequently Avorked out the detailed stratigraphy {see

Cronoble and Mankin, 1965) . This reef differs in several important

details from features in Kansas referred to as algal hanks (Har-

baugh, 1959) and from those described by Heckel and Cocke

(1969) as phylloid algal mound complexes. Features in Kansas pre-

viously referred to as reejs by Davis (1959) and Wilson (1957) are

more properly termed algal banks or phylloid algal mound com-

plexes.

The reef core as lineated by Cronoble and Mankin (1965)

consists of calcilutite with abundant invertebrates and the green

alga Epimastopora. We believe, but cannot prove, that this body

represents a lobe of the main reef body which prior to its destruc-

tion by recent erosion lay a few hundred yards north of the present

exposure. Surrounding and overlying the reef lobe are steeply dip-

ping, thin, interbedded calcarenites and calcareous shales. Within

these units are abundant tabulates Slriatopora Hall, 1851, Michel-

inia de Koninck, 1841, Cladochoniis McCoy, 1847, and rare fSuther-

landia Cocke and Bowsher, 1968. Two rugose coral genera ?Am-

plexi-Zaphrenlis and LophophylUdium are present in small num-

bers but are not described in this report. Many Slriatopora and

Michelinia are badly broken and abraded indicating possible ef-

fects of wave and current action. Tabulate corals are seemingly

restricted to reef related rocks with the exception of rare miche-

linids in calcareous shales and limestone lentils overlying the mas-

sive Lost City Limestone of Tulsa County, Oklahoma. Neither Lost

City corals nor echinoderms have been analyzed carefully. Blastoids

are restricted to reef flank beds in Locality 1.

Complete crinoid crowns have not been found in this forma-

tion but several dorsal cups have been recovered from the three

localities. At Locality 1, large specimens of Erisocrinus, Aglaocrin-

us, Lecytliiocriyius, and Delocrinus have been foimd in close associ-

ation with the core of the reef. The first specimen of the blastoid

Agmoblaslus dotti (Moore and Strimple, 1942) was discovered on

a slab of limestone about 30 feet to the west of the reef core and

subsequently several complete specimens were recovered from a
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six inch shale in flank beds several hundred feet to the west, in

association with Paragassizocrinus mcgiiirei (Strimple, 1939) . Large

crinoid cups have been observed several hundred feet to the north

along a tributary of Double Creek but they are badly eroded and

firmly embedded in dense limestone. At Locality 2, several dorsal

cups were recovered on bedding planes and from a thin shale unit.

Aglaocrinus, Erisocrinus, Delocrinus, Graffhamicrinus, Laudono-

crinus, Parerisocrinus, Sciadiocrinus, and Paragassizocrinus were all

represented. Ulocriniis buttsi was reported by Cronoble (1960, p.

96) from Locality 3, and Aglaocrinus, Erisocrinus, Laudonocrinus,

Lecythiocrinus, and Sciadiocrinus have subsequently been recovered

from the exposure.

No crinoids have been found retaining arms or blastoids re-

taining brachioles. Crinoid cups and one specimen of the blastoid

Agmoblastus dotti have been found in close association with the

reef lobe, but most material has been recovered from flank beds or

well removed from the reef area to the northwest on U.S. Hwy. 75

(Loc. 2) or in California Creek in Nowata County (Loc. 3)

.

LOCALITIES

Corals and echinoderms described in this report were collected

from the following localities:

1. SW NE sec. 28, T. 24 N., R. 13 E., Washington County. Oklahoma, south bank
of Double Creek, a few hundred yards north of Ramona High School. Winterset
Member, Hogshooter Formation (see Cronoble and Mankin, 1965), measured
sections 10, 20, 33-38.

2. SW sec. 16, T. 24 N., R. 13 E., Washington County, Oklahoma, drainage ditch
east of U.S. Highway 75, on west facing slope, Winterset Member, Hogshooter
Formation.
3. SE SE sec. 18, T. 28 N., R. 15 E., Nowata County, Oklahoma, outcrop on
both sides of north-south country road crossing California Creek, Winterset Mem-
ber, Hogshooter Formation.

SYSTEMATIC PALEONTOLOGY
Phylum COELENTERATA Frey and Leuchart, 1847

Class ANTHOZOA Ehrenberg, 1834

Order TABULATA Milne-Edwards and Haime, 1850

Family FAVOSITIDAE Dana, 1846

Subfamily PSEUDOFAVOSITINAE Sokolov, 1955

Genus SUTHERLANDIA Cocke and Bowsher, 1968

Type species: Sutherlandia irregularis Cocke and Bowsher,

1968.



144 Bulletin 279

Generic diagnosis. — The genus Sutherlandia is characterized by spherical

to hemispherical or rarely irregular coralla. Hemispherical forms commonly
encrust tabular objects; in most instances, spherical colonies circumscribe cylin-

drical organic material. Internally, squamulae, mural pores, and distal processes

arc common. Faint lon<jitudinal ridges mimic septa in some corallites (from

Cocke and Bowsher, 1968, p. 2)

.

Discussion. — Forms similar to Sutherlandia but which lack

squamulae or tabulae were retained in Pseudofavosites Gerth, 1921

by Cocke and Bowsher (1968) . Sutherlandia has been reported pre-

previously from two Midcontinent Pennsylvanian Desmoinesian

units, the Wewoka, and Oologah Formations and from the Seminole

Coffeyville, Dewey, and Stanton Formations of Pennsylvanian

Missourian age (Cocke and Bowsher, 19G8) . Subsequently, Strim-

ple collected externally similar forms from the Missourian lola and

Nellie Bly Formations of Oklahoma as well as those from the Hog-

shooter Formation described here. The junior author observed

externally similar forms from Permian Guadalupian rocks, Glass

Mountains, Texas.

Outside of the American Midcontinent, Sutherlandia has been

described from Lower and Upper Carboniferous rocks of China

(Lin, 1963) and Lower Permian Artinskian beds of the Urals, USSR
(Yakovlev, 1939; Sokolov, 1955). Tchudinova (1965) described

two species of the genus from Upper Permian Djulfian beds, Pseudo-

favosites certus and P. finitirmis.

Sutherlandia cf. S. irregularis Cocke and Bowsher, 1968 Text-fig. 3

Description. — Two of the three specimens are approximately

spherical and have diameters of 0.48 and 0.52 mm; a single ellip-

soidal specimen is larger, with minimum and maximum diameters

of 2.3 and 2.7 mm respectively. Calices are smoothly polygonal.

Mural pores are rare except in the upper part of corallites. Longi-

tudinal ridges were not observed in the calices.

Internally corallite walls are straight and range in thickness

from 0.08 mm to 0.16 mm. Mural pores intersected in longitu-

dinal sections have diameters near 0.05 mm. Squamulae are rare

in the specimens studied; perhaps because of poor preservation, their

distribution pattern cannot be determined. Most squamulae are

irregularly convex distally or recurved and reach lengths equal to

two-thirds of corallite diameter.

Remarks. — Hogshooter specimens are rare and poorly pre-

served making taxonomic assignment difficult. They are similar



TEXT-FIGURES 1-8. Cross sections of corals from the Hogshooter Formation.

1. Michelinia adibilus Strimple and Cocke, n. sp., holotype, longitudinal section,

SUI No. 35632, x3.5; 2, Michelinia adibilus Strimple and Cocke, n. sp., paratype,

longitudinal section, SUI 35633, x3.5; 3, Sutherlandia cf. Sutherlandia irregularis

Cocke 1968, section through center of poorly preserved specimen, SUI 35634,

X3-5; 4, Cladochonxis conus Strimple and Cocke, n. sp., paratype, transverse sec-

tion, SUI No. 35629, x4.4; 5, C. conus Strimple and Cocke, n. sp., paratype,

longitudinal section, SUI No. 35630, x4.4; 6, C. conus Strimple and Cocke, n.

sp., paratype, longitudinal section, SUI No. 35631, x3-5; 7, Striatopora kolmani

Strimple and Cocke, n. sp., paratype, transverse section, SUI No. 35626, x3-3;

8. Striatopora kolmani Strimple and Cocke, n. sp., paratype, longitudinal section,

SUI 35627, xS.3.
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to 5. irregularis Cocke and Bowsher, 19G8 in jxjssessing large mural

pores and irregular squamulae. Suiherlandia seniinolensis Cocke and

Bowsher, 1968 differs in having spinose squamulae; S. alani Cocke

and Bowsher, 1968 has longer and more uniformly regular squamu-

lae.

Occurrence. — Three poorly preserved specimens were studied,

two of which are probably juveniles. One specimen was collected

at Locality 1; two others were collected at Locality 2. The speci-

mens are reposited in the Geology Department Repository, Uni-

versity of Iowa. Figured specimen is SUI 35634.

Subfamily PACHYPORINAE Gerth, 1921

Genus STRIATOPORA Hall, 1851

Type species: Striatopora flexuosa Hall, 1851.

Generic diagnosis. — Species of Striatopora consist of regularly

to irregularly branched coralla which are approximately cylindrical.

Trumpet-shaped corallites are approximately normal to the coral-

lum periphery but intersect the corallum axes at higher angles.

Axially, walls are moderately thick but thicken peripherally and in

some instances appear to fuse into solid stereoplasmic deposits. Mur-

al pores are widely spaced. Tabulae vary considerably in packing

and thickness; most are complete. If present, septa are low, rounded,

longitudinal ridges spaced widely in the calyx.

Remarks. — \^t\\i (1944), Moore and Jeffords (1945), and
Rowett {in Rowett and Cocke, 1966) discussed fully relationships

between the related genera Thamnopora, Pachypora, Striatopora,

and Trachypora. Concepts of the genus studied here vary consider-

ably among workers. Hill and Stumm (1956, F 464) noted that

species of Striatopora have 12 septa; however, Moore and Jeffords

included two aseptate species as well as one septa-bearing species in

the genus. In addition the type specimen of Striatopora flexuosa

Hall has not been sectioned; hence its internal characters are un-

known, and assignment of any species to the genus is somewhat
tenuous.

Striatopora kolmani Strimple and Cocke, n. sp.

PI. 21, figs. 13-15; Text-figs. 7,8

Description. — Colonies are ramose with branches arising at

irregular intervals along the corallite length. All coralla are frag-

mented; the longest available fragment measured 64 mm. Coralla
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diameters range from 4 mm to 13 mm; however, most specimens

have diameters near 8 mm. Corallites are not noticeably dimorphic;

diameters of corallites range from 0.8 mm to 1.6 mm. Corallites

with diameters over 1.5 mm possess smooth subcircular walls; those

walls of lesser diameters aie more angulate. Calices are inversely

conical with depths approximating diameter length.

Corallites originate at angles of 20 to 40 degrees to coralla axis

but may be subhorizontal near the periphery of the corallum. Coral-

lite walls which are 0.25 mm to 0.38 mm thick in early stages thick-

en rapidly near the edge of the colony and generally fuse into solid

deposits of steieoplasm. Mural pores are widely and erratically dis-

tributed; diameters range from 0.10 mm to 0.20 mm averaging

0.15 mm. Most tabulae are complete; of those, 13 percent are bar-

like; 25 percent are convex distally and approximately 50 percent

are proximally convex. The remaining 12 percent are incomplete

tabulae; the majority of which are barlike to gently convex up-

ward. Spacing of tabulae is erratic; in a few corallites only one tabu-

la per 5 mm is present. The closest spacing is three tabulae in 2.0

mm.
Remarks. — Striatopora kolmani, n. sp. can be separated from

the lower Pennsylvanian species, S. oklahomensis (Snider, 1915),

5. immota Moore and Jeffords, 1945, and 5. religiosa Moore and

Jeffords, 1945 by fewer tabulae and greater stereoplasmic deposits

in the Hogshooter forms. Three Pennsylvanian species described

by Wells (1944) , S. moorei, S. phimmeri, and S. trachyporoides, re-

semble S. kolmani in abundance of peripheral stereoplasm. How-
ever, Striatopora moorei and S. trachyporoides have more tabulae

and mural pores; S. phimmeri has no tabulae. Wells figured types

of Trachypora aiistini Worthen (1890) and placed them in Stria-

topora. However, West (1964) described other specimens which he

believed to be conspecific with T. aiistini and placed them in Acacia-

pora aiistini. Specimens illustrated by West possess squamulae but

no tabulae and are properly assigned to Acaciapora Moore and Jef-

fords. Recent examination of Trachypora austini syntypes by the

junior author revealed the presence of tabulae and thick stereo-

plasmic deposits which indicate that the species cannot be assigned

to Acaciapora.

Occurrence. — Several hundred fragments of Striatopora kol-

mani, n. sp. were collected from the reef flank beds at Locality 1.
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The holotype is SUI 35624, numbered paratypes are SUI 35625,

SUI 35626, SUI 35627. Specimens are reposited in the Geology De-

partment Repository, University of Iowa.

Subfamily MICHELINIINAE Waagen and Wentzel, 1886

Genus MICHELINIA de Koninck, 1841

Type species: Calamopora tenuisepta Phillips, 1836, Lower

Carboniferous, England.

Generic diag7iosis. — Tabulate colonies comprised of tightly

packed corallites of relatively large size are included in the genus.

Coralla typically have wrinkled holotheca at the base. Intercoral-

lite walls are relatively thin throughout length. Mural pores are

common. Corallites contain numerous complete and incomplete tab-

ulae. There are no true septa (after Moore and Jeffords, 1945, p.

167).

Remarks. — The status of the genus Michelinia is not discussed

here; interested workers are refened to excellent discussions by

Moore and Jeffords (1945, p. 167) and Rowett (in Rowett and

Cocke, 1966, p. 15).

Michelinia adibilus Strimple and Cocke, n. sp. Text-figs. 1,2

Description. — Coralla of this species are large; some fragments

measured 145 mm in diameter with heights approaching 50 mm.
The largest known complete colony is considerably smaller, measur-

ing 76 mm at the greatest diameter. Small colonies are subconical

to subspherical; the more common larger coralla are ellipsoidal to

irregular. The holotheca is transversely wrinkled and covers only

a small portion of the corallura. Corallites attain diameters of 6.0

mm. Calices are smooth and deep.

Walls range in thickness from 0.16 mm to 0.40 mm; the average

is 0.30 mm. Typically, they have sharply polygonal outlines par-

ticularly in larger specimens. Corallite diameters are variable rang-

ing from 2.5 mm to 6.0 mm in the distal parts of the coralla. Mural
pores rarely attain 0.30 mm and are relatively rare. Four to eight

tabulae are present in corallites cut near the calicular bases.

In the calicular region, corallite diameters range from 0.4 mm
to 3.6 mm. Walls are slightly sinuous except near juncture of coral-

lites where as many as four sharp flexures occur in 2.2 mm. Wall
thickness is commonly near 0.2 mm throughout most of the length;

in a few corallites the wall approximately doubles in thickness in
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the calyx. Mural pores, most of which are concentrated near the

juncture of corallites, have a diameter range of 0.18 mm to 0.40 mm.
Two basic types of tabulae are identified: 1) complete tabulae

which join to both sides of a given corallite, and 2) incomplete

tabulae which may either originate at a corallite wall and terminate

on a lower tabula or may rest entirely on an underlying tabula.

Slightly more than one-half of the tabulae are complete. Tabulae

are moderately packed; they are separated by an average distance

of 0.8 mm. Maximum spacing of the tabulae is 1.6 mm.
Remarks. — Michelinia referta Moore and Jeffords (1945) re-

sembles M. adihilus in size but has as many as 30 tabulae per 10 mm
as compared to eight tabulae per 10 mm in the latter. Michelinia

exilimura Mather (1915) is similar to M. adibilus, n. sp. in spacing

of tabulae, size of corallum, and rarity of mural pores; however,

Michelinia adibilus has a considerably higher percentage of com-

plete tabulae which are convex distally. In addition, M. exilimura

has more incomplete distally convex tabulae.

Study of partially preserved Hogshooter coralla suggests that

those with larger corallite diameters were differentially destroyed

by compaction.

Occurrence. — Ten coralla and many fragments from reef flank

beds of Locality 1 were examined in thin sections; the holotype is

SUI 35632; numbered paratype is SUI 35633. All material is re-

posited at the Geology Department Repository, University of Iowa.

Family AULOFORIDAE Milne-Edwards and Haime, 1851

Subfamily AULOPORINAE Milne-Edwards and Haime, 1851

Genus CLADOCHONUS McCoy, 1847

Type series: Cladochonus tenuicollis McCoy, 1847.

Generic diagnosis. — Proximal corallites in a reptant ring from which free

branches arise; individual corallites, trumpet or pipe shaped, in contact only
at points of origin, each giving rise to another by lateral increase through wall
of the expanded cahce; each with a thick peripheral stereozone of laminar or
reticulate sclerenchyme. Septal spines and tabulae lacking in the narrow lumen,
but septa ridges may appear in the calice (Hill and Stumm, 1956, F472)

.

Discussion. — For an excellent discussion of the genus, see

Moore and Jeffords (1945, p. 185)

.

Cladochonus conus Strimple and Cocke, n. sp.

PI. 21, fig. 16; Textfigs. 4r6

Description. — Coralla characteristic of this species consist of
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trumpet to funnel-shaped individuals which have calicular diameters

from 5.0 mm to 7.2 mm but which average approximately 6.0 mm.
Fragmental nature of the material studied does not permit precise

determination of corallite length. Budding apparently occurs spor-

adically on all sides of previous corallites. In well-preserved speci-

mens the exterior is marked by closely spaced growth lines. Calices

are deep and inversely conical. Most are smooth; however, in a few

specimens, up to 24 longitudinal ridges simulate septa. Below the

top of the calice wall thickness ranges from 0.4 mm to 1.2 mm. Con-

striction of the corallite results in small oj^enings in connecting

tubes. No tabulae or other internal structures have been observed.

Remarks. — Morphologically Cladochonus conus, n. sp. is some-

what intermediate between the Lower Pennsylvanian forms, C.

fragilis Mather, 1915 and C. texasensis Moore and Jeffords, 1945.

The former has more closely spaced septal ridges as well as smaller

connecting tubes and calicular diameters; the latter has considerably

greater septal spacing, connecting tube diameter of C. texasensis is

approximately two to three times greater than those of C. conus.

Further, the Texas species possesses consistently greater calicular

diameters. Cladochonus benjietti Beede, 1898, from Pennsylvanian

Desmoinesian rocks, differs in possessing smaller corallite diameters

and a more strongly wrinkled epitheca.

Occurrence. — Several hundred specimens were available from

shales of the reef flank at Locality 1. No complete coralla were

found; most specimens consisted of isolated corallites. The holotype

is SUI 35628; numbered paratypes are SUI 35629, SUI 35630 and

SUI 35631. All specimens are at the Geology Department Reposi-

tory, University of Iowa.

Phylum ECHINODERMATA

Class CRINOIDEA J. S. Miller

Subclass INADUNATA Wachsmuth and Springer

Order CLADOIDEA Moore and Laudon

Suborder DENDROCRINIOIDEA Bather

Family CROMYOCRINIDAE Jaekel, 1918

Genus AGLAOCRINUS Strimple, 1961

Type species: Ethelocrinus magnus Strimple, 1939.

Generic diagnosis. — Dorsal cups of Aglaocrinus are distin-
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guished from other cromyocrinids in having sutures deeply im-

pressed in V-shaped depressions and a relatively broad basal invagi-

nation and infrabasal circlet. Typically surfaces of the dorsal cup are

in^egular or undulating; however, A. compactus has smooth surfaces.

Discussion. — Aglaocriyms is recognized from the Atokan of

Texas, the Desmoinesian of Oklahoma, and the Missourian of Ne-

braska and Kansas. It is questionably reported from the Lower

Pennian of Nevada by Lane and Webster (1966) . The closely re-

lated Parethelocrinus lacks impressed sutures and has a projxjrtion-

ately smaller infrabasal circlet.

Aglaocrinus compactus (Moore and Plummer, 1939) Plate 21, figs. 17-19

Description. — The dorsal cup has a circular outline, is moder-

ately high and truncate globe-shaped. In side view the cup has erect,

vertical sides. The base is broad with midportion impressed. The
broad, subhorizontal, impressed area is occupied by the infrabasals

and the proximal portions of the basals. The portion of infrabasals

occupied by proximal columnals is sharply impressed and colura-

nals are marked by short crenulations. Sutures between plates are in

V-shaped notches. There is a small shelf formed at the summit of

radial just below the outer ligament furrow.

Measurements of hypotype in millimeters:

Width of cup (maximum) 31.8

Width of cup posterior-anterior 30.5

Height of cup 13.9

Diameter of infrabasal circlet 10.3

Diameter of columnar scar 5.0

Length of basal 16.6*

Width basal 16.6*

Length of radial (to transverse ridge) 1 1 .0*

Width of radial 17.0*

measurement taken along surface curvature

Remarks. — The dorsal cup of Aglaocrinus compactus has V-

shaped notches marking sutmes, lacks the pronounced protrusion

in the region of the radianal found in typical forms of Parethelo-

crinus, and has a proportionately broader infrabasal circlet. The
most comparable species is A. plattsburgensis (Strimple) , 1938.

Occrirrencc. — Hypotypes, SUI 34215 collected at Locality 2,

hypotype, 34216 at Locality 3, reposited in Geology Department

Repository, University of Iowa.

Genus ULOCRINUS Miller and Gurley, 1890

Type species: Ulocrinus buttsi Miller and Gurley, 1890.
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Generic diagJiosis. — Globular to pyi-amidal calyx; infrabasals

form convex pentagonal disc; basals each as large as or larger than

infrabasal disc; radials moderately large; two anal plates. Arms 10,

long, well-rounded exteriors, secundibrachs cuneate in proximal

portions, equibiserial above.

Discussion. — The large, thin plates of Ulocrinus appear dis-

tinctive and are common in many shale exposures of Pennsylvanian

age.

Ulocrinus butts! Miller and Gurley, 1890

Description. — A specimen in excellent preservation was des-

cribed and illustrated by Cronoble (1960)

.

Occurrence. — Locality 3, reposited in Paleontological Collec-

tions, The University of Oklahoma, Norman, Oklahoma.

Family PIRASOCRINIDAE Moore and Laudon, 1943

Genus SCIADIOCRINUS Moore and Plummer, 1938

Type species: Zencrinus (Hydreionocrinus) acayithophorus

Meek and Worthen, 1874.

Generic diagnosis. — Cro^vn short, somewhat expanded. Dorsal

cup low, with basal concavity, infrabasals not visible from side and

basals generally not visible from side except at posterior; three anal

plates, anal X and right tube plate entering cup only slightly. Arms
uniserial, branching two or more times in each ray. Anal sac with

prominent marginal spines at distal extremity.

Sciadiocrinus abolitus Strimple and Cocke, new species PI. 21, figs. 1-3

Description. — Dorsal cup low, with lateral sides of cup com-

posed entirely of subvertical distal portions of radials which then

curve sharply to form the basal plane and enter into the shallow

broad basal concavity; B radial makes contact with B infrabasal

and all other sutures between basals are short. Basals are small

slightly tumid, of unequal dimensions and confined to the basal

concavity except for CD basal which is elongated for contact with

posterior anal plate (anal X) and the distal tip is visible in side

view of the cup; infrabasals extend slightly beyond the columnar
scar and appear to be slightly upflared due to the ridge formed

about the columnar attachment area, but are actually subhori-

zontal. In the posterior interradius the radianal has been eliminated,

anal X is large, extends well above the cup summit and is faceted
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for a large tube plate above, a small tube plate on the left toward

the interior, and a small right tube plate to the right which is joint-

ly supported by the left shoulder of an extension of the C radial;

all articular facets slope outward but especially those of the C and

D rays which are extended to assist in support of the anal pyramid,

the outer ligament grooves are thin and are at the perimeter of the

cup, transverse ridge is thin, two large shallow muscular scars occupy

each facet and a broad intermuscular groove divides them, inter-

muscular notch is broad and not too deep, adsutural notches are

apparent in summit or basal views of the cup but particularly in

summit view. Columnar attachment area is round, depressed which

is accentuated by a built-up rim surrounding the perimeter, short

crenulations mark the outer part of the cicatrix, lumen round.

Arms and anal tube unknown.

Measurements of holotype in millimeters:

Width of dorsal cup 245
Height of dorsal cup to transverse ridge 4.1

To maximum height of articular facets 8.6

Diameter of columnar scar 4.1

Width of infrabasal circlet 6.8

Length of AE basal 4.7

Width of AE basal 5.9

Length (along surface curvature) of A radial 10,6

Width (along surface curvature) of A radial 13.7

Length of anal plate 7.0

Width of anal plate 5.8

Remarks. — Sciadidcrinus abolitus is shallower than other spe-

cies and has a highly advanced posterior interradius (one anal

plate) . A form described as Pirasocrinus invaginatiis Strimple

(1951b, p. 203) was referred to Sciadiocrinus as Sciadiocrinus in-

vaginatiis (Knapp, 1969, p. 371) based on the tumidity of the basal

plates and subhorizontal attitude of the infrabasals. Pirasocrinus

and Sciadiocrinus have many features in common, but Knapp
(ibid., p. 378) pointed out that typically Pirasocrinus has down-

flared infrabasals and basals and a deep basal invagination. In

Sciadiocrinus invaginatus the radianal is a long, slender element,

the sutures between basals are short and the posterior (CD) basal

is elongated. It is closely related to 5. abolitus although slightly

younger. Comparison with the closely comparable Atokan species

Sciadiocrinus llanoenis Strimple and Watkins, 1969, which has a

dorsal cup almost as shallow, shows that species has larger basals,

longer sutures between basals, and three normal anal plates in the
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posterior interradius. Parabursacrimis Wanner (1924, p. 221), from

the Permian of Timor, is possibly a derivative of this lineage.

The name abolitiis (L. terminate) indicates the advanced na-

ture of the species.

Occurrence. — Locality 2, holotype (SUI 34224) reposited in

Geology Department Repository, University of Iowa.

Genus LAUDONOCRINUS Moore and Plummer, 1940

Type species: Hydreionocririus subsinuatus Miller and Gurley,

1894.

Generic diagnosis. — Dorsal cup moderately low bowl-shaped,

characterized essentially by smooth contour of surface. Base flat

or, at most, marked by small almost imperceptible concavity.

Laudonocrinus subsinuatus (Miller and Gurley, 1894) PI. 21, figs. 7,8

Desaiption. — Dorsal cup moderately low, bowl-shaped, smooth

contour to the surface. The base is essentially flat with the infra-

basals forming a subhorizontal to almost imperceptibly upflared

attitude. Basals are small, mainly confined to the basal area. Radi-

als form most of cup height. Articular facets are wide, long, and

directed outwardly. Three anal plates are in normal (Primitive)

arrangement. Anal sac and arms unknown.

Occurrence. — Locality 2, Hypotype (SUI 34223) is reposited

in Geology Department Repository, University of Iowa.

Family DIPHUICRINIDAE Strimple and Knapp, 1966

Genus GRAFFHAMICRINUS Strimple, 1961

Type species: Graffhamicrinus acutus Strimple, 1962.

Generic diagnosis. — Dorsal cup low, bowl-shaped with basal

concavity, surface covered by pustules, nodes, tubercles, ridges, or

strong granules, or a combination of any of these features. Single

anal plate in cup or excluded; arms 10, branch on primibrach 1,

equibiserial; column small, round.

Discussion. — A modification of the concept of Graffhamicrinus

was projjosed liy Knapp (1969, p. 363) disregarding surface orna-

mentation as a generic character. A clarification of the lineage is

given by Strimple and Moore (1971b, p. 3)

.

Graffhamicrinus sp.

Discussion. — A fragment of a dorsal cup showing pustulose
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ornamentation and a single, elongated anal X is ascribed to Graff-

hamicrinus as an undeterminate species. The distal portion of the

anal plate is flexed sharply inwardly, is long and narrow, and

flared at its inner extremity as though it might be faceted for two

tube plates.

Occurrence, —hocaliiy 2, SUI 34219 reposited in Geology De-

partment Repository, University of Iowa.

Family CATACRINIDAE Knapp, 1969

Genus DELOCRINUS Miller and Gurley, 1890

Type species: Poteriocriniis hemisphericus Shumard, 1858.

Generic diagnosis. — Dorsal cup low, bowl-shaped with basal

concavity and slight constriction at summit, smooth surface. Aims

10, branching on primibrach /, equibiserial.

Discussion. — The generic concept of Delocrinus was sharply

curtailed by Knapp (1969, p. 367) but was returned to original

status by Moore and Strimple (1970) through proposal of a neo-

type of the type species.

Delocrinus sp, of. D. verus Moore and Plummer, 1940

Discussion. — A partial cup is assigned to Delocrinus verus with

some reservation because of the preservation. The holotype of D.

verus is from the Palo Pinto Formation, Canyon Group of Texas

and two paratypes are reported from the Dennis Formation (\Vin-

terset Limestone Member) east of Bartlesville, Washington County,

Oklahoma, which is more properly referred to as the Hogshooter

Formation. We have been unable to locate the crinoid bearing ex-

posure east of Bartlesville.

OccMrre7?ce. — Hypotype (SUI 34221) is from Locality 2, re-

posited in Geology Department Repository, University of Iowa.

Family ERISOCRtNIDAE S. A. Miller

Genus ERISOCRINUS Meek and Worthen, 1865

Type species: Erisocrinus typus Meek and Worthen, 1865.

Generic diagnosis. — Dorsal cup medium, truncate cone-shaped

with planate or gently convex base, infrabasals not visible in side

view of cup. When viewed from above or below the cup has a pen-

tagonal outline. Arms 10, primibrach 1 axillary, equibiserial. Col-

umn round, moderately large.

Discussion. — Erisocrinus and Delocrinus have been considered
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to be closely related for the past 100 years until Strimple and Moore

(1971a, p. 9) reported completely different morphologic features

of the anal tube which is a small, short, recurved tube in Erisocrin-

us but is long, slender, and terminates with a long slender spine in

Delocrinus (as in Phanocrinus) . Differences in the dorsal cups of

the two genera were then recognized to be of generic significance.

Erisocrinus sp. cf. E. typus Meek and Worthen, 1865

Description. — The specimens at hand are apparently closely

related to typical examples of E. typus but differ slightly in that the

columnar scar is proix)rtionately large in the presently considered

specimens. The exact age of the syntypes of E. typus is not known,

but we believe it to be somewhat younger than lower Missourian.

Occt/jT6'?Jce, —Locality 1, specimen SUI 34220 is reposited in

Geology Department Repository, University of Iowa.

Genus PARERISOCRINUS Knapp, 1969

Type s^tcits. — Paradelocrinus obovatus Moore and Plummer,

1940.

Generic diagnosis. — Basal concavity shallow; infrabasals mod-

erately downflared; basals large; distal ends of radials curved slight-

ly inward so that transverse ridge is well removed from periphery of

cup, proximal tips almost reach basal plane; rudimentary anal plate

notches inner edge of articular surfaces of posterior radials.

Parerisocrinus obovatus (Moore and Plummer, 1940) PI. 21, figs. 4^

Description. — Same as for monotypic genus.

Discussion. — The holotype is from the northwest side of Kyle

Mt., Palo Pinto County, Texas; Graford Formation, Canyon Group,

Missourian. The hypotype increases the geographic range to Okla-

homa.

Occurrence. — Locality 2, hypotype (SUI 34221) reposited in

Geology Department Repository, University of Iowa.

Family AMPELOCRINIDAE Kirk, 1942

Subfamily PARAGASSIZOCRININAE Strimple and Watkins, 1969

Genus PARAGASSIZOCRINUS Moore and Plummer, 1940

Type species: Agassizocrinus tarri Strimple, 1938.

Generic diagnosis. —The genus is characterized by having a

cone-shaped dorsal cup, fused infrabasals, a single anal plate and
arms branching on primibrach 2 in all rays.
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Discussion. — Paragassizocrinus is known from rocks of Pennsyl-

vanian age in the eastern United States (Kentucky) the midcontin-

ent region (Kansas, Oklahoma, Texas) and from west of the Rocky

Mountains (Utah, Nevada)

.

Paragassizocrinus mcguirei (Strimple, 1939)

Description. — The original species concept of Paragassizocrinus

mcquirei was based on a single infrabasal cone. The holotype (by

monotypy) was narrow and elongated with a sharp flare near the

summit. Subsequently discovered topotypes do not have such a

flare. The species was accepted by Strimple (1960, p. 13) and hypo-

types from the Checkerboard Limestone were assigned to the species

at that time, including a complete dorsal cup.

Occurrence. — Locality 1 and 2, hypotypes (SUI 35635, 35636)

reposited in Geology Department Repository, University of Iowa.

Suborder CYATHOCRINOIDEA Bather

FamUy CODIACRINIDAE Bather

Genus LECYTHIOCRINUS White, 1880

Type species: Lecythiocriniis olliculaeformis White, 1880.

Generic diagjiosis. — Dorsal cup full, globose; three infrabasal

plates; five elongate basal plates; five medium radial plates with

narrow arm articulating facets; anal vent in side of cup at distal

end of posterior basal extending into adjacent posterior radials.

Lecythiocrinus graybilli Strimple and Cocke, n. sp. PI. 21, figs. 9-12

Description. — Dorsal cup is broad at base and narrows at

midsection to form a narrow upper portion, being in the general

shape of a vase. Three large infrabasals form most of the basal plane

and have a small columnar attachment scar with a raised rim in

mid-section. Five basals participate to a small degree in the basal

area but flex gently upward for a short distance and then curve

strongly to form the greater portion of the cup height. Radial

plates are confined to the slender "neck" of the vaselike structure

and the distal ends flex sharply inward at the summit of the cup

to form a covering over most of the body cavity. The arm articulat-

ing facet of each radial is narrow, shaped like a horseshoe, and situ-

ated in mid-portion of the radial at the summit of the cup, directed

slightly outward. Ambulacral grooves pass to the center of the

structure and are marked on each side by raised, ridgelike struc-
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tures, giving the appearance of five radiating troughs. The anal

opening is large and is placed in the summit of the CD basal, as well

as in the lower left corner of G radial and the lower right corner

of D radial. There is a slightly raised section of the CD in its center

below the opening.

Measurements of holotype in mm.
Height of cup ^^-^
.\verage width of cup ^^-^

Average width of cup at summit '-^

Diameter of infrabasal circlet 12.5

Diameter of stem scar l-^

Length of basal 11-2

Width of basal 9-2

Length of radial 7.0

Width of radial '.3

Remarks. - The small size of the columnar attachment scar

as compared to the size of the cup suggests that a column, if present,

was certainly not a rigid stalk. The shape of the base of the cup is

much like that of the associated Agmohlastus dotti (Moore and

Strimple) which form apparently discarded its stem. The obvious

inference is that these forms were bottom dwellers, sitting on the

ocean floor. Another associated form, which in ontogeny dessicated

most of its small column and surrounded any remaining portion

with stereom to form a fused, pointed-cone, is Paragassizocrinus

mcguirei (Strimple) , 1938.

Close relationship is with Lecythiocrinus optimus Strimple,

1951a, of the Oologah Limestone, Marmathon Group, Desmoines-

ian. There is not so pronounced a "neck" formed in L. optimus,

giving it more squat appearance than found in L. grayhilli. L.

iirnaejormis Strimple, 1939, from the Stanton Formation, Missour-

ian has a similar shape but has a proportionately longer, more slen-

der cup.

Oca(rr<?nce. - Holotype SUI 34217 is from the west edge of

the bioherm at Locality 1, collected by Ralph and Marilyn Graybill,

paratype SUI 34218 is from Locality 3. Specimens reposited in the

Geology Department Repository, University of Iowa.

Class BLASTOIDEA Say

Order FISSICULATA Jaekel

Family CODASTERIDAE Etheridge and Carpenter

Genus AGMOBLASTUS Fay, 1961

Type species: Paracodaster dotti Moore and Strimple, 1942.
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Generic diagnosis. — A fissiculate blastoid with eight moderately

well-exposed hydrospire fields, with four-eight hydrospire slits in

each field, one large U-shaped epideltoid with an elongate anal

opening between it and the radial plates, possibly with a small

atrophied hyperdeltoid (missing) , with four high, wide, arrow-

shaped deltoid plates, ambulacra well away from oral opening,

three large basal plates, and subcylindrical shape in side view (fide

Fay, 1961)

.

Agmoblastus dotti (Moore and Strimple), 1942

Discussion. — The species Agmoblastus dotti remains the only

reported blastoid of Pennsylvanian age above the Morrowan in the

United States of America. Rich blastoid faunas are known from the

Permian, particularly in Russia and Timor, The first specimen of

A. dotti was found by Strimple in 1940, and close to a dozen speci-

mens have been recovered through the years at the same locality.

Occurrence. — West flank of small bioherm exposed Locality

1. Original types are reposited in the U.S. National Museum and a

topotype in the Paleontological Collections, University of Okla-

homa, Norman, Oklahoma.
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Explanation of Plate 21

All specimens are from the Hogshooter Formation (Missourian) of Oklahoma

Figure Page

1-3. Scladiocrinus abolitus Strimple and Cocke, n. sp 152
Holotype from base, posterior and summit, SUI 34224, x ^^•

4-6. Parerisocrinus obovatus Moore and Plummer 156
H)potype from posterior, base and summit, SUI 34221, x ^•^•

7-8. Laudonocrinus subsinuatus Moore and Plummer 154
Hypotype from posterior, base and summit, SUI 34223, x l-l-

9-12. Lecythiocrinus graybilli Strimple and Cocke, n. sp 157
Holotype from anterior, posterior, base and summit, SUI 34217,

X 2.2.

13-14. Striatopora kotmani Strimple and Cocke, n. sp 146
Transverse and longitudinal section of holotype, SUI 35624,

X 2.7.

15. Striatopora kolmani Strimple and Cocke, n. sp. 146
Paratype, exterior view of corallum fragment, SUI 35625, x l-l-

16. Cladochonus conus Strimple and Cocke, n. sp 149
Holotype, exterior view of corallum fragment, SUI 35628, x 2.2.

17-19. Aglaocrinus compactus (Moore and Plummer) 151
Hypotype, anterior, posterior and basal views, SUI 34215, x '•2-
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STRATIGRAPHY AND GENERA OF
CALCAREOUS FORAMINIFERA OF THE
FRAILEYS FACIES (MISSISSIPPIAN) OF

CENTRAL KENTUCKY
R. G. Browne*
AND E. R. POHLJ

ABSTRACT
An unusual and prolific free-form foraminiferal assemblage of the

Fraiieys Shale facies of the Big Clifty Formation (Chesterian) in central

Kentucky is discussed at the generic level. The lithostratigraphy of the de-

posits shows that they are part of a regressive sequence related to the Beech
Creek Limestone as a clay prodelta accumulation belov? sheet sands in a pro-

grading delta extending into the Illinois Basin from the east and north. Faunal
comparisons indicate that the Fraiieys facies occupies a position near the end
of the Visean Stage and is essentially equivalent to beds of the Lower Serpuk-

hov or Upper Okskaya Suites of the Russian Platform.

Twenty-one genera in the families Parathuramminidae, Earlandiidae,

Archaediscidae, Lasiodiscidae, Pseudoammodiscidae, Tetrataxidae, Endothyri-
dae, and Ozawainellidae are treated, comparing original descriptions and
illustrations with indigenous forms. The genera Archaesphaera, Eotuberitina,

and Neotuberitina are shown to be synonyms of Diplosphaerina. The first

American occurrence of Rauserina is reported. The phylogenetics of the family
Archaediscidae are discussed and trends are associated with relative chrono-
logic stages in its short history. Tubispirodiscus, a new planospiral archaediscin

genus, is established, and its value as a biostratigraphic marker is indicated.

Planospirodiscus is assigned to the asteroarchaediscins. The first mid-Continent
record of Monotaxinoides is given. The genus Cornuspira, as used in America,
is assigned to Pseudoammodiscus. The genus term Ejidothyra is discussed at

length and is restricted in its application in the present paper. Calcivertella,

Calcitornella, Pscudoglomospira, Trepeilopsis, and Rectocornuspira are assigned

to the family Pseudoammodiscidae.

INTRODUCTION
A preliminary note was published in 1968 (Pohl, Browne, and

Chaplin) announcing the discovery of an unusual, prolific, and ex-

cellently preserved free microfauna in deposits of the Fraiieys facies

of the Big Clifty Formation in central Kentucky, and plans for its

study. The systematics section of this paper concerns itself ex-

clusively with the genera of the calcareous Foraminifera. Forms

other than calcareous make up the remainder of the original deter-

mination of a faunule containing representatives of 16 families and

37 genera. The section on stratigraphy provides a sedimentational

framework for the deposits preserving this remarkable microfaunal

assemblage.

At the time this study was begun the magnitude and intrinsic

problems of the project were not fully comprehended by the authors.

Because the fauna is free form and mostly ultrasmall, a method

*4007 Elfin Road, Louisville, Kentucky; fDeceased, Western Kentucky Uni-

versity, Bowling Green, Kentucky.
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was required to help eliminate the tedious and mostly inadequate

process of thin section making employed by previous workers. A
technique to provide ultimate control of orientation in specimens

often no larger than 100 microns had to be devised (Pohl and

Browne, 1973, in press). Validity of taxon diagnosis depends often

on precisely correct specimen orientation — sections that parallel

axial or equatorial planes and which pass through specimen center

(proloculus of coiled forms). Rauser-Chernousova (1948 a,b) in

a discussion of the family Archaediscidae lamented the unavail-

ability of specimens except those randomly cut in embedding

limestone. This fauna has provided a unique opportunity to practice

controlled orientation of material.

The largest share of thin section studies of calcareous Fora-

minlfera has been done by Russian workers. Few of these publica-

tions are readily available in this country. The procuring and

translation of original Russian papers have been excessively time-

consuming. Although our original Intent was to systematize taxo-

nomically allied forms, it became evident that laboratory technique

should be reported first. Likewise, a paper devoted to descriptions

of genera, including descriptive text and illustrations direct from

original authors, should take precedence over detailed taxonomic

organization.

Some of the pertinent genera are characterized In the Treatise

on Invertebrate Paleontology (Loebllch and Tappan, 1964). How-
ever, because of the magnitude of that work and Its all-encompassing

nature, generic details are sometimes limited. We are not in accord

with the Treatise on Its concept and synonymic treatment of some

genera. In addition, much information has become available since

1964. It is our desire to share this knowledge with American workers.

We have been able to visualize and hopefully establish some

evolutionary trends among Misslsslpplan Foraminlfera which might

otherwise have been Impossible had we not had an Inexhaustible

supply of three-dimensional specimens for study.

Previous Workers

A great number of papers treating calcareous Misslsslpplan

Foraminlfera have been published by American workers since 1968.



FORAMINIFERA KENTUCKY: BrOWNE & PoHL 175

B. L. Mamet, micropaleontologlst of the Department of Geology

at the University of Montreal, Montreal, Canada, has been the most

prolific worker. The publications of Dr. Mamet, as well as those

of most other American workers, however, have been devoted

primarily to biostratigraphical studies, the listing of species, faunal

assemblages with percentages of various genera, their ranges, and

worldwide distribution. In this category are those of Sando, Mamet,
and Dutro (1969) and Mamet and Skipp (1971). Outstanding

studies that deal with detailed faunas and specific identifications

are those of Skipp, Holcomb, and Gutschick (1966) of the sub-

family Tournayellinae and Mamet (1970) on a microfauna from

the Windsor Group (Carboniferous), from Nova Scotia and New
Brunswick.
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Review

Field and laboratory material for this study resulted from

investigations begun in 1964 on the biostratigraphy of Illinois Basin
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Upper Mississippian carbonates. Systematic close-interval sampling

of numerous vertically extensive exposures, particularly in central

Kentucky, has provided an integrated library of thin sections under

one roof that offers ready comparison of deposits from the limestone

lenticles of the Fort Payne Formation upward through the Kinkaid

Limestone. These include controlled stratigraphic samplings of all

type or principal reference sections for carbonate deposits in the

type region of the Mississippian System.

During the field work all argillaceous or poorly consolidated

strata in the field sections were also systematically sampled for

disaggregation, preparation, and examination for microfossils. Nine

horizons yielded essentially unabraded examples of the foraminiferal

microfauna in natural form.

The microfauna of the Fraileys Shale facies at Broadford is

unique, because it is the only one of several dozen localities sampled

at this horizon to produce the magnificently preserved and varied

assemblage of Foraminifera reported in this paper.

Prior to the initiation of this study serious attention to the

calcareous Foraminifera of the Mississippian type region was limited

to a handful of paleontological references. Some of these were inci-

dental to other interests or were not interested in total assemblages

or taxon range and distribution; others included serious misidentifi-

cation of stratigraphic occurrence. There was little or no awareness

of the monumental contribution of Russian foraminiferologists to

the fields of systematics and biostratigraphy.

Location

The entire assemblage of Foraminifera reported in the Syste-

matics section of this paper comes from a single locality in central

Kentucky. Geographical location is shown in Text-figure 1, along

with its accessibility by highway, and details of local stratigraphy

are represented in Text-figure 2.

Tlie concerned beds are 11 feet (3 m) of grey-blue clay shale

exposed for 200 feet in the road ditch and bank of the west side of

the Broadford Church Road, 200 feet south of its junction with

Ky. 1214 at Broadford, Grayson County, in the northwest quarter

of Section 11, K42, NJ 16-8, Evansville Sheet of the Carter Coordi-

nate System, Millerstown Quadrangle, GQ-417, Kentucky.
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Text-figure 1. — Map showing geographic location of collecting site for

the Fraileys facies. The exposure is an artificial road bank and ditch that
has become obscure through overgrowth and surface slump. Precise directions

for finding this site are contained in the text.

The lowest two feet of the Fraileys Shale at this site is covered,

and its depth to the top of the underlying Beech Creek Limestone

was determined through the use of post-hole equipment. Samples

of the limestone at the contact were secured for thin sectioning to

establish the sequence. The entire exposure is presently badly de-

teriorated through the overgrowth of vegetation and could easily

be overlooked. The shale, as described in the measured section, is

finely bedded, grey-blue in color and weathers to a dirty tannish-

buff mud. When first exposed, during road construction in 1963,

occasional streaks of crinoid debris and a single layer of crinoidal

limestone lenticles up to two inches in thickness were in evidence.
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Small sideritic single crystals and masses, pseudomorphic after

pyrite and marcasite, were abundant. These features no longer

remain.

The exposure is on the edge of a northwardly dipping sharp

flexure in a complex structural pattern of the Rough River Fault

Zone. Although Upper Gasperian limestone beds are exposed nearby,

the immediate vicinity can not be used to determine columnar

section. Because of this, a continuous, undisturbed exposure one

mile east of the Broadford site was used to supplement and establish

the relations of the Fraileys facies to overlying and underlying strata.

The second exposure is along the south side and bank of Ky. 1214

in a steep rise one-half mile east of the bridge crossing of Nolin

River. Here, a pronounced topographic bench marks the base of the

Fraileys shale where the tough, heavily pyritized upper beds of the

Beech Creek Limestone resist erosion. Another bench occurs at the

base of the Elwren horizon because of the resistent character of

the upper beds of the Reelsville Limestone. About 12 feet of shale

occupies the Fraileys interval; but here it contains no calcareous

inclusions and no fauna has been recovered.

At both sites there is a depositional gradation from the fine

clay of the Fraileys facies upward into the fine siltstones of the

lower part of the Big Clifty facies. Gradation continues to the

coarse, heavy-bedded sandstones of the main body of the Big

Clifty Sandstone above. Elsewhere throughout the exposure of these

deposits the sequence above the Beech Creek Limestone is not so

clearly defined.

Environment

The depositional environment that accounted for the accumu-

lation and preservation of the finely argillaceous Fraileys facies at

Broadford can best be exemplified by comparison with a recent

delta occurrence. Gould (1970, p. 11) summarized the shoal-water

deltaic facies of the Lafourche delta in the Gulf of Mexico. Here,

prograding deposits have extended over shallow inner-shelf areas

and the frequent plugging of distributary channels has required the

delta front to expand laterally to accommodate an increasing number

of bifurcating distributaries as the delta moved forward on the shelf.

Sands were transported to form the continuous delta front, while
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silts and clays were carried further into the Gulf in a prodelta zone.

Water depth rarely exceeded 30 feet, although local subsidence

consequent upon additional burden accounts for some sand bodies

of greater thickness. The accumulation of sheet sands was followed

by marsh conditions in a deltaic plain. A sequence of prodelta silty

clay, delta-front sheet sands, and marsh deposits, is typical of such

an environment. The entire complex, now abandoned, has continued

to subside, allowing marine waters to transgress its seaward parts.

The latest marsh deposits are presently being either eroded or buried

by transgressing marine deposits.

All facets of sequential events portrayed for the Lafourche

delta are found in the Fraileys-Big Clifty deposits at exposures

within a mile or two of Broadford.

Following comparatively rapid filling by predominantly clastic

deposits during early Mississippian time the eastern part of the

Illinois Basm underwent a long period of stability. During the

accumulation of thick St. Louisan, Genevievian, and Gasperian

evaporites and marine limestone subsidence was controlled by in-

ternal conditions corresponding to the slow development of chemo-

genic and biogenic deposits. An overall steady state of equilibrium

was maintained in the Basin, but there was a periodic response of

overreaction to the loading which resulted in the production of a

series of regressive cyclothems (Pohl, 1970, p. 7). Only occasionally

was the carbonate sequence interrupted by submarine scour and

advance of finger-like sand-body projections from the east, notably

those of the Bethel Sandstone and Sample Sandstone (Simon and

Hopkins, 1966, p. 12). The introduction of terrigenous elastics from

outside the Basin is responsible for triggering the irregularly spaced

subsidences which continued, at a decreasing rate, following the

overloading episode. Continued subsidence permitted both burial

and removal of parts of the marsh deposits prior to the deposition

of later clear-water marine limestones. As the elastics extended

farther and farther into the Basin from various directions, the

periods of offlap grew and those of marine onlap were less pro-

nounced until the final overwhelming of the Basin by massive deltaic

material, and accompanying scour, at and near the Mississippian-

Pennsylvanian boundary, curtailed marine invasion.

The clay-shale comprising the Fraileys facies in the Broadford
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area accumulated as an early facet In this complex environment of

a filling and subsiding gulf. Farther west and south this lithology

occupied later stages in the life of the expanding deltaic complex.

Throughout the deposition of a thick sedimentary series connection

with the open seas was maintained and marine waters transgressed

the sinking deltaic elastics in an ever-changing pattern.

Text-figure 3 graphically represents generalized depositional

conditions at a time corresponding to the end of the Fraileys-Big

CHfty regression and just prior to the encroachment into the Broad-

ford area of the Haney marine environment.

Distribution and stratigraphy

Text-figure 2 depicts a composite measured field section of the

deposits involved in the present report. The Beech Creek member
of the cyclic couplet is widely distributed. Malott (1952, p. 14) re-

ported the northernmost occurrence in an outlier in northern Owen
County, Indiana. This is just south of the latitude of Indianapolis,

some 20 miles north of its type section. It is a most persistent unit,

considering its average thickness of less than 15 feet (5 m), having

been reported as far east as Pulaski County (McFarlan and

Walker, 1956) and Rowan County (Pohl and Philley, 1971) in

eastern Kentucky, far outside the Illinois Basin. It is apparently

uniformly present throughout central Kentucky. It is the commonly

identified Barlow Lime of the Basin subsurface and outcrops on the

western border of the Basin in southern Illinois. In the latter area,

however, the lowest beds of what McFarlan and Swann (in 1955,

p. 20) assigned to the Fraileys Shale is identical, in lithology and

microfauna, to the uppermost beds of the Beech Creek Limestone

at the Broadford, Kentucky locality. Thus, the thickness of the

Beech Creek Limestone in Illinois is probably about 15 feet (5 m)
instead of the one foot six inches (0.5 m) reported.

In the vicinity of Broadford, the Beech Creek Limestone out-

crops at numerous points and was studied in relation to this paper

at more than 30 localities. Notable exposures are to be found along

U.S. Highway 62 near Summit in Hardin County; along the county

road between Kessinger and Priceville, in the upper part of the Hart

Stone Co. quarry near Horse Cave in Hart County; and along Ky.

70 near Turnhole and beside the Cedar Sink road in Mammoth Cave
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Text-figure 3. — Generalized depositional conditions in an environment
during the development of a shallow-water delta and the resulting sequence
of sediments. The time shown corresponds to the close of the Fraileys-Big

Cliffy regression and just prior to the advance of clear-water marine conditions

of the Haney sea in the Broadford area.

National Park. The southeasternmost known exposure in the Basin

is in new cuts of the Green River Parkway, four miles west of

Bowling Green in Warren County, Kentucky.

The Fraileys-Big Clifty member of the couplet constitutes the

most prominent geomorphic expression of the rock column in cen-

tral Kentucky, standing as a scarp wherever the member is pre-

dominently sandstone. However, the shale facies is seldom to be

seen. On natural slopes the shale disassociates freely, dissolution of

the underl)'ing limestone removes support further and the resistent

sandstone beds slump over the scarp edges, effectively masking the

existence of a shale horizon. Also, the shale is known to be absent

at about one-half of the exposures of this interval which have been

examined. Such an absence is most likely due to scour removal

following deposition and prior to the settling of sheet sands in

contact with the Beech Creek Limestone. Wherever the limestones of

the Beech Creek are followed upward by the Fraileys Shale facies

the contact between these lithologies is sharp but conformable. In

the absence of the shale, it is customary that the upper surface of
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the limestone is grossly hummocky and exhibits irregular discon-

tinuity of strata.

The Fraiieys Shale is not reported from Indiana; however, ex-

ceptionally, there appears a "transitional contact" or "arenaceous"

limestone at the top of the Beech Creek limestone (Perry and

Smith, 1958, pp. 72-73). Throughout central Kentucky the Beech

Creek Limestone is commonly followed by 2 to 15 feet (1 to 5 m)
of the Fraiieys facies, most often composed of clay-shale which be-

comes increasingly coarse and micaceous upward and occasionally

includes one or more layers or lenticles or beds of limestone. These

relations are excellently exhibited in the Green River Parkway cuts

mentioned above in the listing of notable exposures of the Beech

Creek Limestone. Across the Basin in southern Illinois siliceous,

clayey, and calcareous beds alternate. A fresh outcrop of this inter-

val occurs in cuts of Illinois Highway 146, near its intersection with

Interstate Highway 1-57, four miles east of Anna.

BlOSTRATIGRAPHY

Text-figure 4 lists the known calcareous Foraminifera of the

Fraiieys sediments at the generic and species-group level. It does

not show siliceous forms, of which a number are known, nor does

it indicate the presence of organic remains whose exact affinities

presently are questionable or unknown. The listing here of Clima-

caTnmina mississippiana Conkin requires explanation, because it does

not occur at Broadford and has not been identified in Fraiieys de-

posits except at Conkin's type localit)'^ for the species. It is known

from massive yellowish oo-biosparites of uncertain stratigraphic

affinities near Natural Bridge State Park and, in company with

an assemblage of ZeUerina, Endothyra aff. kentti-ckyensis, Hemiarch-

aediscus, and Neoarchaediscus at Armstrong Hill, Rowan County, in

eastern Kentucky (Pohl and Philley, 1971). Here it occurs in pro-

fusion, as it does also in the type area deposits of the Beech Creek

Limestone. It may prove to be a stenobiont, although this appears

unlikely in view of the wide facial acceptance known among the

paleotextularids. It is mentioned here because of its dominance of

the Beech Creek microfauna at its type locality and its absence at

Broadford despite the similarity in the remainder of the assem-

blages.
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Four previously separate genera are included here under the

encompassing term Diplosphaerina because it is now known that

they are all unicameral, possibly colonial but more probably acci-

dentally combined. This, along with Calcis-phaera and Asterosphaera,

because of shell simplicity and known long range are of little strati-

graphic value. Likewise, Earlandia and Pseudoglomospira lend

themselves poorly to such purposes. Although simple in construc-

tion, on the other hand Pseudoammodiscus, Rectocomuspira, Cal-

citorneUa, Calcivertella, and Trepeilopsis are generally unknown be-

low the middle Gasperian. Of the endothyrids present, only Endo-

tkyra aff. kentuckyensis (D. Zeller) is known to have a restricted

range. Zellerina ranges from the mid-St. Louisan through the Ches-

terian; however, its dominant role, with a peak in the Reelsville

Limestone, from mid-Gasperian through mid-Chesterian gives it

broad value. Eostajjella is an uncommon component in the Illinois

Basin faunas and, therefore, is of no consequence. This also applies

to Monotaxinoides which is listed here probably at the base of its

range, yet which, because of its scarcity and difficulty of recognition,

has been little used.

Values for stratigraphic purposes, on the other hand, are ex-

tremely high in the case of the abundant archaediscids. Only Archae-

discus sp. (with two layers) retains the ancestral characteristic of

the double-layered wall structure of an inner dark, homogeneous

and an outer clear, radial crystalline test. All other forms, both

archaediscin and asteroarchaediscin, exhibit a terminal stage of a

phylogenetic trend toward the elimination of the inner dark, separate

layer. The peculiar assemblage of one-layered Archaediscus sp.,

Hem^iarchaediscus aff. cornuspiroides (Brazhnikova and Vdovenko),

Tubispirodiscus simplissim^us Browne and Pohl, n. gen., n. sp.,

several undescribed species of Tubispirodiscus, Neoarchaediscus gr.

incertus, and Planospirodiscus sp. is one of advanced archaediscids

of the single-layer type and is unique to this stratigraphic position.

Some beds of the Beech Creek Limestone, particularly in its upper

part, and the Fraileys facies microfauna are overwhelmed by these

forms.

A microfauna composed of the genera Archaediscus, Hemi-

archaediscus, Neoarchaediscus, and Planospirodiscus, all of the sin-
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gle-layer type, with many elements closely related to the Fraileys

forms occurs in the highest Visean of Belgium (V3c, Bioul). Sam-

ples of these strata have been provided for study by Prof. R. Conil

of the University of Louvain. Among the examples is a form tenta-

tively identified as Tnbispirodiscns Browne and Pohl, n. gen. As is

the case with the Beech Creek-Fraileys occurrence these small, ad-

vanced archaediscids appear in overwhelming numbers, nearly to the

exclusion of other taxa.

Vdovenko (1968) reported an unusual assemblage of Foramini-

fera from the Dnieper-Donetz depression. Striking similarities to

the Beech Creek-Fraileys microfauna are found in the occurrence of

Arckaediscus (Hewiarchaediscus) cornuspiroides Brazhnikova and

Vdovenko, Arckaediscus compressa Vdovenko, Asteroarchaediscus

(Neoarchaediscus) parvus Reitlinger, and Neoarchaediscus gr.

tinmnicus. Moreover, Vdovenko reported the presence of associated

Rectocornuspira, a Plectogyra (Endothyra) with features appar-

ently identical to those of the American Fraileys, and an Endo-

stajjella which would appear to be identical to a Fraileys Zellerina.

These forms are found in a "clayish limestone", and Vdovenko

(1968, p. 6) said that "This assemblage characterizes the final

regression phase of the Visean sedimentary cycle".

The general complexion of the macrofauna for the Fraileys

Shale facies at Broadford was reported by Pohl, Browne and Chap-

lin (1968). The fauna is uncommon but varied and is mostly asso-

ciated in thin biostromes irregularly spaced throughout the 11 feet

of shales present at this locality. Elements include the solitary coral

Triplophyllites spinulosus (Edwards and Haime); the brachlopods

Cleiothyridiiia aff. C. sublamellosa (Hall), Reticulariina spinosa

(Norwood and Pratten), Orthotetes kaskasiensis McChesney, Der-

byia sp., Rhynchopora(?) perryensis Weller, Spiriferina transversa

McChesney, Eumetria costata (Hall), E. vera (Hall), and Dia^

phragmus cestriensis (Worthen); the Bryozoa Batostomella spinu-

losa, B. sp., and Archimedes several sp.; and the pelecypod Aviculo-

pecten sp. None of these taxa is stratigraphically narrowly restricted,

but the assemblage typically represents the upper middle Chesterian.

The crinoid assemblage of the Broadford Fraileys was exam-

ined by H. L. Strimple and has been reported by Burdick and
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Strimple in Furnish, et. al. (1971, p. 17). Among the forms recog-

nized are Zeacrinites sp,, Intermediacrinus hinmanni Burdick and

Strimple, Agassizocrinus several sp., Phacelocrimvs sp., Aphelo-

crinus sp., and Acrocrimcs constrictus Burdick and Strimple. This

group of crinoids was compared with a crinoid assemblage recovered

from the Beech Creek Limestone of southwest Illinois, the Lower

Fayetteville Formation of Oklahoma, and the Visean of Great

Britain. It is concluded that the crinoids of the Beech Creek-Fraileys

association are of little value for correlation of strata over extended

distances.

Prepared samples of the Fraileys Shale at Broadford were sent

to Dr. V. A. Chizgova of the All-Union Oil-and-Gas Scientific-

research Institute (VNII), Moscow, USSR, for examination of the

ostracode assemblage. Following are excerpts of her report, as con-

tained in a letter dated July 6, 1972:

The ostracod association of this sample is rich and represented by
perfectly preserved forms. There are found:

1. Shivaella aii. nichlensis (Ulrich)

2. Psuedoparaparchites kansensis Kellet

3. Polytilites trilobus (Croneis and Gale)
4. Amphissites aii. batalinae Posner
5. Amphissites cf. mosquensis Posner
6. Kirkbya regularia Croneis and Gale (Specimen is similar to K. lessni-

kovae Posner)
7. Kirkbya marginata Croneis and Funkhouser (specimen is similar to K.

volginoensis Posner)
8. Knightina sp.

9. Joiingiella naviculata Posner
10. Kirkbyella {Berdanella) aii. quadrata (Croneis and Gutke)
11. Scrobicula sp.

12. Glyptopleurina aii. bulbosa Croneis and Gale
13. Healdia menisca Cooper (specimen is similar to H. kudr'javtzem Posner)
14. Healdia aii. cornuta Posner
15. Healdianella aii. darnvinuloides Posner
16. Acutiangulata sp.

17. Bairdia sp.

Chizhova's report continues by indicating that ostracod asso-

ciations of similar composition are distributed in the upper part of

the Oksk and the lower part of the Serpukhov deposits of the Rus-

sian Platform (which is exactly the stratigraphic position ascribed

to Vdovenko's peculiar foraminiferal assemblage given in detail

above). However, it is difficult to be more exact on the question of

correlation because the species composition of the Fraileys is some-
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what different from any known in the Lower Carboniferous of the

USSR. The most satisfactory correlation according to generic com-

position would be with the lower part of the Serpukhov deposits.

On the basis of comparison of Chizhova's and Vdovenko's explica-

tions it would seem that a precise intercontinental correlation can

be pointed to.

The abundance of botanical fossils in the silts and sandstones

of the Big-CIifty facies is well known. These occur both as carbon-

ized remains and as internal and external impressions. Less well

known is the presence of occasional pyritized and silicified Dad-

oxylon logs, large fragments of which have been recovered near

Munfordville in Hart County, Kentucky. In such specimens the

cellular structure is most excellently preserved.

Correlation

In the absence of ammonoids or colonial corals from among the

biota of the Fraileys deposits at Broadford, no exact comparison of

these beds is possible with deposits occupying a similar interval

outside the Illinois Basin. There is, however, a mounting body of

information being built on the basis of foraminifer content for a

universal scale for the lower Carboniferous deposits. Russian micro-

paleontologists have been foremost in their efforts to systematize

an understanding of a foraminifer sequence for Eurasia. European

efforts in this direction have intensified in Belgium and Great

Britain. In North America the systematic use of Mississippian

Foraminifera for stratigraphic understanding is less than 25 years

old and has suffered from some seriously inexact chronostratigraphic

concepts.

In view of all known considerations, comparisons are made for

the Fraileys facies as shown in Text-figure 5. Direct comparisons

are presently not possible with the standard stages of western and

eastern Europe because they have been established on faunal ele-

ments which are either not present in the Kentucky Mississippian

record in sufficient quantities for use, or on which no definitive

work exists. It has, therefore, become necessary to rely on a correla-

tion of the Fraileys deposits in Kentucky and Illinois with those

of Arkansas (Furnish, 1971, p. 5) where an established ammonoid
sequence has been determined. Thus correlations, of what can be
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An effort has been made in Text-figure 5 to adjust the foramini-

feral zonation scheme of Mamet and Skipp (1971, pp. 1135-1139)

to known generic occurrence and range within the IlHnois Basin.

This has been difficult in view of the lack of rehable published In-

formation for the Basin; but more particularly because of severe

stratigraphic misinterpretation, that, prior to their examinations,

had been applied to thin section collections at some of the institu-

tions on which Mamet and Skipp relied in large part for their faunal

listings.

Faunal evidence has been uncovered that brings up, once more,

the possibility of the inclusion into the Chesterian Series of deposits

as low as the Fredonia Limestone. It is now clear that fully de-

veloped representatives of the genus Neoarchaediscus are persistent-

ly present in beds near the base of the Ste. Genevieve Limestone

throughout the Illinois Basin, including those at the type locality

in Missouri.

SYSTEMATIC PALEONTOLOGY

Family PARATHURAAAMINIDAE Bykova, 1955

Genus ?ASTEROSPHAERA Reitlinger, 1957

Plate 22, figures 1-3

Type species: Asterosphaera pvlchra Reitlinger, 1957.

Arcliaesphacra Bykova and Polenova, 1955, pp. 16, 17, pi. 1, figs. 2-12; pi. 2,

fig. 1 ;
pi. 4, fig. 3.

Asterosphaera Reitlinger, 1957, p. 775; Bogush and Yuferev, 1962, p. 214,

pi. 9, figs. 28-30.

fAstcrosphaera Brazhnikov^a and Vdovenko, 1971, pi. 1, figs. 1, 6, 7.

Original description. — Spheres with radiated wall structures consisting

basically of closely spaced massive 'rays'; the ends of the rays are sharp and
the spaces between them are filled with a vitreous mass which makes the outer

surface of the sphere smooth.

Remarks. — In this report, we are adopting Reltllnger's (1957)

classification of calcispheres which she formulated for the radlo-

shaerid calcispheres. A single broken and abraded specimen Is ques-

tionably assigned to her described genus Asterosphaera. The
diameter of the sphere is just slightly smaller than the diameter

1 Classification in this study follows Raphael Conil's "Key to the sub-orders:

Allogromiina, Textulariina, Fusulinina, Miliolina and Rotaliina of the Order
Foraminiferida (Protista) of the Paleozoic." (Unpublished.)
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of the type species described by Reltlinger. The specimen has a

thin microgranular inner wall from which pointed vitreous spines

project. Filling the intervals between the spines is a vitreous material

of a similar composition to the spines. No axial canals are detectable.

Occurrence.— Radiosphaerid calcispheres have been reported

from Europe and Russia. On the North American Continent they

have been reported from the Cordillera and central parts of the

country. These records are from Alberta, Canada, and from Arizona,

North Dakota, and Nevada in the United States.

Range.— The stratigraphic range of radiosphaerid calcispheres

in Europe and Russia is from the Frasnian (Upper Devonian) to

Middle Carboniferous. In contrast, all positive reports of radio-

sphaerid calcispheres in North America are from strata of Frasnian

age with the one possible exception of a form described by Baxter

(1960, pi, 144, fig. 9) from the Salem Limestone at a horizon now
considered to be basal St. Louisan. The generic name Astero-

sphaera has been applied only to forms of Frasnian age prior to

present probable occurrence.

Genus CALCISPHAERA Williamson, 1880

Plate 22, figures 4-7

Type species: Calcisphaera laevis Williamson, 1880.

Calcisphaera Williamson, 1880, p. 521, pi. 20, fig. 70; Cayeux, 1929, pp. 594-

597; Derville, 1941, p. 365, pi. 7, fig. 1; Baxter, 1960 (part), p. 1153-1157,

pi. 144, (part) ; Mamet, 1970, p. 10, pi. 4, figs. 1, 2, pi. 12, fig 2

Granulosphaera Derville, 1931, pp. 133, 134, fig. 21(1), p. 28, figs. 73, 75,

pi. 16, fig. 58

Not Pachys-phacra Conil and Lys, 1964, pp. 42-44; pi. 6, figs. 59-68; 1968, p.

501

Original description. — Fig. 70 represents the inner portion of a hemisphere
of C. laevis, viewed as an opaque object. I select this for our first considera-
tion, because it exhibits these organisms in their simplest form. Its maximum
diameter is about .006 (150 m) whilst the thickness of the sphere wall is about
.00058 (15 /i). I can detect no trace of structure in the sphere wall, neither has
it any peripheral appendages. It is simply a smooth sphere — with a thick

sphere wall and an equally smooth internal spherical cavity — the latter por-
tion being occupied by a crystalline calcic carbonate, which has obviously
reached the cavity as a solution that filtrates through the permeable sphere-
wall.

See Plate 22, figure 4.

Remarks.— When Williamson (1880) wrote the above descrip-
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tion he was reporting on a group of spherical organisms recovered

from the Lower Carboniferous of Wales, They were found together

with fossil plants, and these sperical forms were first considered

to be radiolarians. Williamson was the first to seriously study them.

He believed them to be extinct forms of protozoans or allied to re-

productive capsules of some marine vegetation. Being uncertain of

their exact nature, but still desirous of having a provisional form

for their classification he adopted generic and specific names. In

so doing, he stated this procedure as "not involving any premature

hypothesis regarding their specific nature."

Cayeux (1929) separated Williamson's genus Calcisphaera into

two general types; one of which he called "Calcispheres typiques"

(typical calcispheres) and the other "radiolaires calcifies." The lat-

ter evidently referred to those forms with thin wall from which

spines project.

Reitlinger (1957) divided the various types of calcispheres into

eight different forms. Of these, she retained two in the genus Calci-

sphaera, assigned two others to the genera Archaesphaera Suleima-

nov and Polyderma Derville, and erected four new genera for those

forms with rays or spines. These genera include Radiosphaera,

Sphaerella, Asterosphaera, and Radiina. The form we illustrate

Plate 22, figures 4-6, is identical to Williamson's type species Calci-

sphaera laevis.

Many other workers have reported on calcispheres since Wil-

liamson. Their manuscripts have covered a variety of forms. At the

present writing, there is still diversity of opinions as to the true

affinities of calcispheres. It is our opinion that several different

groups of organisms are involved.

Occurrence.— Calcisphaera belonging to the genus as restricted

and separate from the radiosphaerid calcispheres, namely those types

which Cayeux called "Calcisphere typiques" have been reported

from Great Britain, Belgium, France, Poland, Czechoslovakia,

Egypt, Ireland, Japan, and the Soviet Union. From North America

it is reported from Arctic Alaska, Alberta, British Columbia, north-

ern Yukon, the western Cordilleran, and the Mid-Continent of the

United States.

Range. — Late Tournaisian through Earlj'^ Namurian.
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DIPLOSPHAERINA Derville, 1952 emend. Browne and Pohl

Plate 22, figures 8-12; Plate 23, figures 1-3, 8

Type species: Diplosphaera inequalis Derville, 1931.

Diplosphaera Derville, 1931, p. 141, pi. 18, figs. 77, 80; 1950, p. +71, pi. 24,

figs. 1-4.

Tuberitina Mikhailov, 1939, p. 61, pi. 1, figs. 11-12; Suleimanov, 1948, pp. 62.

244, fig. 1; Reitlinger, 1950, p. 88; Rich, 1970 (part), p. 1061, pi. 144,

figs. 1-30.

Archaesphaera Suleimanov, 1945, p. 126; Miklukho-Maklay, 1963, p. 142, fig. 9;
Conil and Lys, 1964, p. 35, pi. 4, figs. 36-40.

D'lplosphaerina Dervillle, 1952, pp. 236, 237; Conil and Lys, 1964, p. 46, pi.

46, pi. 6, figs. 76-87.

Eotuberitina Miklukho-Maklay, 1958, p. 134, table 1; 1963, p. 150, fig. 9;
Bogush and Yuferev, 1962, p. 94, pi. 1, fig. 32; Conil and Lys, 1964, p. 34,

pi. 4, figs. 27-32; Brenckle, 1970, p. 54, pi. 1, figs. 31-35.

Neotuberitina Miklukho-Maklay, 1958, p. 134, table 1; 1963, p. 150, fig. 9;
Bogush and Yuferev, 1962, p. 95, pi. 1, fig. 33.

Original description of Diplosphaera Derville, 1931. — A calcareous ball

formed by two spheres, one large and one small, the latter being more or less

enclosed in the larger. The cortical layer of the two spheres is of fine grained
granular calcite.

Derville (1952, p. 236), being informed that the generic name
Diplosphaera was preoccupied by Haeckel, 1860, for a protozoan,

changed the name Diplosphaera to Diplosphaerina.

Emendation.— We would emend the genus to include the

above synonymy and to read as follows: — Test free or attached

and occurring singly or in combination, one-cell and two-cell forms

being the most common; attached tests assume a wide variety of

forms, the shape being determined by the configuration of the sub-

strate; wall is calcareous, thin, dark, and finely granular, finely

porous or with pores not in evidence except in well-preserved and

carefully prepared thin section; aperture not present.

Remarks.— Miklukho-Maklay (1958) erected the family

Tuberitinidae in the belief that the genus Tuberitina, as defined by

Galloway and Harlton (1928), included several distinct forms. Two
new genera were established at the same time — Eotuberitina and

Neotuberitina. The genus Capidulina Maslov, 1935 was assigned to

this new family. Miklukho-Maklay (1963) separated the family

Tuberitinidae into two subfamilies — Tuberitininae and Neotuberi-

tininae. The former consisted of those forms with attached tests

and an undetermined mouth, the latter being free of attachment and

possessing a mouth in the form of a cut. The walls of members of
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both subfamilies were described alike in being calcareous, finely-

granular, and nonporous or finely porous.

We have included in the genus Diplosphaerina four genera

proposed by earlier authors. All previous work on this group of

organisms was done with thin sections of impacted limestones which

provided two dimensional observation only. The Fraileys fauna,

described from liberated, uncrushed specimens occurring in vast

numbers, of which the taxon Diplosphaerina is relatively abundant,

has provided the opportunity for three-dimensional study of the

varying forms which make up the genus. We have had the ad-

vantage of unrestricted orientation of our specimens and direct

comparison of individual specimens in the round and in thin section.

The logic employed in this study for determining that we are

concerned solely with the genus Diplosphaerina and not several

genera is as follows:

1. The present study is restricted to one stratigraphic, and litho-

logically uniform, horizon where the various forms coexisted,

2. Numerous examples of great variety, shape and size were ob-

served, both in free form and in thin section. It was possible to

determine that all stages in transition exist between the various

generic taxa listed in the synonymy above. There are both attached

and unattached single-cell forms, and two-cell (occasionally multi-

cell) forms which are transitional between those with minimal at-

tachment of one or both cells, to attachment by both (or all)

cells to extraneous material. Sometimes a flange is present surround-

ing the cell base, but more frequently the tests lay flat or wrapped

themselves partially or completely around the indescriminate ob-

jects of attachment (spines, vegetation). It is clear that the choice

of a substrate was not narrowly limited as to configuration or

quality, and that the attachment was for purposes of sedentation

and not parasitism. When encompassing an impermanent substrate

object, partially or completely, a tunnel remains in the cell or cells,

which, in thin section, presents the appearance of an "aperture",

"mouth", or "reproductive cyst", attributes which have been

ascribed to such features.

We are aware that the genus term Archaesphaera Suleimanov,

1945 was published earlier than the replacement term Diplosphaerina

Derville, 1952 [for Diplosphaera, Derville, 1931 (rejected)]. How-
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ever, it is considered that the latter term is exempted under the

International Zoological Nomenclature Code from competition

in priority, due to that fact that it was available and that there

were no synomymic competitors at the time of its introduction by
the author of the type species.

Occurrence.— Diplosphaerina is a widely dispersed genus. It

has been reported from the Russian Platform, the Ukraine, the

central Pyrenees, Poland, Czechoslovakia, Belgium, France, Great

Britain, Ireland, and Egypt. On the North American continent it is

recorded from the Canadian Cordillera of British Columbia and

Alberta, from the Maritime Provinces and Newfoundland, and in

the United States from the northern Cordillera and the mid-

continent.

Range. — Famennian (Idaho only) to Middle Carboniferous

(Westphalian).

Genus RAUSERINA Antropov, 1950

Plate 23, figures 4-7

Type species: Rauserina notata Antropov, 1950.

Rauserina Antropov, 1950, p. 27, pi. 3, figs. 2-5; Brazhnikova and Vdovenko,
1971, pi. 1, figs. 31-35.

Original description.— Test unattached, consisting of two spherical cham-
bers. Wall calcareous, finely granular. Aperture small, in the septum separating
the chambers. This new genus is closest to Sorosphaera Brady, from which it

differs basically in the wall-structure; the wall in Sorosphaera is areanceous
and coarsely granular, whereas in Rauserina it is calcareous and fine-grained.

Family Saccamminidae. Upper Devonian. Monotypic. (From Ellis and Mes-
sina, Catalogue of Foraminifera).

Remarks. — In the description of the type species {R. notata)

Antropov stated that it consists of two spherical chambers, stressing

their small dimension (up to 80 /a per chamber with a test whose

greatest dimension is 140 /x). Antropov's determination of an aper-

ture, or intercameral opening, "in the septum separating the cham-

bers" is insecure and may be incorrect, since only one of the four

specimens illustrated shows such an opening. It is obvious from the

illustrations that some diagenetic invasion of the tests by coarse

crystals has taken place. An opening in the septum of the one speci-

men may have had such a cause.

Our material representing this genus, instead of consisting of
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onl}^ two chambers, sometimes possesses as many as eight chambers,

arranged in a seemingly botryoidal manner which, in section, how-

ever, reveals an unorganized ahgnment in a single plane as if in a

colony (see PI. 23, figs. 4, 5). Under high magnification in polarized

light, however, the wall is shown to be continuous between cham-

bers. We have seen no indication of intercameral openings and our

specimens were probably attached. The fine-grained character of the

wall is striking and is additionally characterized, both in the Fraileys

free forms and in the embedding limestones of the Beech Creek and

the Reelsville where it also occurs uncommonly, by having a distinc-

tive 3'ellowish tinge in section.

The Fraileys representatives of this genus are most closely re-

lated to Rausenna notata Antropov forma -polycellata (see Brazhni-

kova and Vdovenko, 1971, pi. 1, figs. 31, 32).

Occurrence.— Until the time of the present report the genus

has been unknown except from the Russian Platform.

Range. — From the Frasnian through the Visean Stages.

Superfamily ENDOTHYRACEA Brady 1884

Family EARLANDIIDAE Cummings, 1955

Genus EARLANDIA Plummer, 1930

Plate 24, figures 1-8

Type species: Earlandia 'perparva Plummer, 1930.

Nodosinella Brady, 1876 (part).

Earlandia Plummer, 1930, pp. 12-14, pi. 1, figs. 2a-c; Cummings, 1955, pp. 227-

229, pi. 1, figs. 1-15, text-fig. 3; Conkin, 1961, pp. 272-274, pi. 21, figs. 14-

16; pi. 26, figs. 10-11; Conil and Lys, 1964, pp. 52-54, pi. 7, figs. 95-101;

Hallett, 1970, p. 876, pi. 3, fig. 10; Brenckle, 1970, pp. 48-53, pi. 1, figs.

22-30.
_

Hyperamm'ina Rauser-Chernousova, and Reitlinger, in Rauser-Chernousova,
and Fursenko, 1937, pp. 253-257, figs. 190-191; Birina, 1948, pp. 155-159,

pi. 2, figs. 7-8.

Original description-— Test free; very elongate, composed of a globular

or subglobular proloculum and an elongate, nonseptate, second chamber; shell

wall of minute crystalline calcareous granules bound by a calcareous cement,
imperforate, smoothly finished; aperture a broad circular opening at the end
of the tube.

Remarks.— Earlandia is a common element of the fauna. There

are several forms, with a considerable range in size. The specimens

break readily so it is not possible to determine the exact length and

maximum diameter on the majority of specimens. Proloculi are de-

tached from all of the larger forms, belonging to the group E. vulgaris

Rauser-Chernousova, but approximately 12 specimens with their
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proloculi intact were retrieved. These are probably related to the

group E. elegans {Earlandia perparva Plummer). The common
^^Earlandia'^ of the literature, E. clavatula (Howchin), so frequently-

reported from Chester formations, is present in large numbers but

is siliceous and thus does not belong with these calcareous forms

but conforms to Howchin's original description and designation as

Hypera-ynniina clavatula (Hyperammina casteri megalospheric form,

Conkin).

The size and abundance of examples of this genus make it the

most prominent element in the microfauna, but it has little strati-

graphic value.

Range. — Tournaisian to Early Namurian.

Family ARCHAEDISCIDAE Cushman, 1927(2)

Historical outline.— In 1953 L. P. Grozdilova, in Dain and

Grozdilova, published a monographic study of the Archaediscidae

of the USSR. She assigned all known archaediscids, with the excep-

tion of those described under the genus term Pennodiscus Dutke-

vitch 1948, to one of four groups and six subgroups, as follows:

Genus Archaediscus Brady, 1873

Group Archaediscus karreri Brady, 1873

Subgroup Arch, karreri Brady, 1873

Arch, moelleri Rauser, 1948

Arch, donetzianus Sosnina, 1953

Group Archaediscus krestovniko<vi Rauser, 1948

Group Archaediscus baschkiricus Krestovnikov and Theodorovich, 1936
Subgroup Arch, baschkiricus Krestovnikov and Theodorovich, 1936

Arch, rugosus Rauser, 1948
Arch, gregorii Dain, 1953

Group Archaediscus spirillinoides Rauser, 1948

This classification had been preceded by the basic works of

D. M. Rauser-Chernousova in 1948 and of T. I. Shlykova in 1951;

but Grozdilova was the earliest to attempt to organize what were

diverse elements within the genus as it was understood at that time.

Also in 1953 Grozdilova and Lebedeva, in Dain and Grozdilova,

(2) Since the completion of this manuscript we have been made aware of the

pending publication of a complete revision of the family Archaediscidae by
H. Pirlet and R. Conil. We believe that there are no important inconsistencies

between the traditional treatment given here and that presented in the proposed
revision. In fact, the results, which were independently arrived at, are essen-
tially similar. We have had an opportunity to review a pre-publication copy
of Pirlet and Conil's paper and welcome its revolutionary concept as an alterna-
tive. We have also learned of F. Bozorgnia's monogeneric approach to the
family Archaedisidae, to be published soon, but do not have sufficient informa-
tion to form an opinion.
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Text-figure 6.— Phylogenetic scheme to show the time-progressive rela-

tionships among representatives of the family Archaediscidae. Principle paths

of evolution are (1) Planoarchaediscus gr. spirillinoides —> Parapcrmod'tscus
—> Tubispirodiscus Browne and Pohl, n. gen. —> Lasiodiscidae; (2) Plano-
archaediscus gr. eospirillinoides -> Archaediscus —> Hemiarchaediscus; (3)
Archaediscus —> Archaediscus with nodosities —> Neoarchaediscus —> Astero-

archaediscus.
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established the species Arch, 'minimus and compared it to the

genus Permodiscus, without the latter's side-thickenings, thus em-
phasizing its planospiral character.

It is notable that Grozdilova assigned the species Arch, gregorii,

acutijorviis, postrugosus, horealis, and timanicus to one group

{Arch, gregorii). The diagnostic features of this subgroup are set

forth as follows: "In this subgroup belong those species having a

discoidal shell form with sub-parallel lateral sides, a glomerate

coiling of the inner whorls and a planospiral, evolute coiling of the

external spires." In contrast, the species Arch, minimus Grozdilova

and Lebedeva, 1953, was referred to the group Arch, spirillinoides

.

This was done because she considered the evolute and planospiral

character of m-inimus to be of primary phylogenetic importance;

greater even than the restricted lumen common to all these species.

In a series of five short papers between 1953 and 1963 A. D.

Miklukho-Maklay discussed the justification for the establishment

of 11 archaediscid genera. His studies of the Archaediscidae cul-

minated in a phylogenetic scheme (1963, fig. 11) showing what

are today recognized as the main paths of developmental divergence

and giving validity to the use of the family for stratigraphic deter-

minations.

A major effort to understand the phylogenetic relationships

among the widely differing representatives of the family was in-

cluded in a monographic section of the work of Conil and Lys

(1964, pp. 98-135). One page 104 of that publication is given an

outline key for the principal points of generic differences, according

to their concept.

Subfamily ARCHAEDISCINAE Cushman, 1927

Genus ARCHAEDISCUS Brady, 1873 emend. Miklukho-Maklay, 1957

Plate 24, figures 9-13

Type species: Archaediscus karreri Brady, 1873.

Archaediscus Brady, 1873, p. 286, pi. 11, figs. 1-6; Chernysheva, 19481, p. 152,

pi. 2, fig. 1; Rauser-Chernousova, 1948\ p. 229, pi. 15, figs. 10-18, pi. 16,

figs. 1-5; 1948^ p. 10, pi. 2, figs. 18-20, pi. 3, figs 1-3; Shlykova, 1951, p.

159, pi. 3, figs. 12-18, pis. 4, 5, 6, figs. 1-6; Grozdilova in Dain and
Grozdilova, 1953, p. 76, pis. 1, 2, 3, figs. 1-10; Grozdilova and Lebedeva,

1954, p. 43, pis. 5, 6, 7, figs. 1-5; Miklukho-Maklay, 1963, p. 159, Table
10, fig. 11; Conil and Lys, 1964, p. 105, pi. 14, figs. 267-272, pi. 15, figs.
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275-296, pis. 16-19; Brenckle, 1970, pi. 10, figs. 15, 20, 21; Hallett, 1970,

p. 877, pi. 5, figs. 1-8; Petryk, 1971, p. 2+9, text-fig. 2.

Original description General characters — Shell convoluted, rounded,

more or less unsymmetrical ; formed of a non-septate tube coiled upon itself in

a constantly varying direction. Shell wall transversed by very numerous,
parallel, minute tubuli. (See PI. 24, figs. 11, 12.)

Emendation.— Archaediscus Miklukho-Maklay, 1957. Egg-shaped shells,

usually somewhat irregular consisting of original spheric chamber and the

second-tube-shaped, undivided (without partitions). The surface of the shell

is smooth. The coiling of the second chamber is glomerate. Representatives of

this genus have asymmetric side thickenings. The wall is calciferous and
bright, usually roughly porous, usually with a bright exterior layer and a very
apparent, dark interior layer.

Remarks.— This genus is well represented in our fauna by

several forms of small size; with proloculus and undivided pseudo-

tubular second chamber which is skew coiled and dominantly in-

volute and which may be free in the last whorl. The forms are dis-

coidal to subglobular with rounded margins. Lateral side thickenings

are slight to thick. The two-layered wall is distinct, an outer bright

layer of radial calcite and an inner thin layer which is dark and

microgranular, the latter sometimes absent in our forms. The aper-

ture is a single opening at the terminus of the final whorl.

Many forms have been identified as belonging to this genus.

Archaediscus is unlike Pro-permodiscus in its coiling habit which,

in the latter, is similar to Hemiarchaediscus. The last two genera

differ in the lateral side thickening of the wall of Propermodiscus,

and in the modified shoulder of Hemiarchaediscus.

Occurrence.— Archaediscus is a cosmopolitan genus being re-

ported from both the Northern Hemisphere and Southern Hemi-

sphere. Localities in Eurasia include Great Britain, Western and

Central Europe, the Russian Platform, Donbass, the Urals, and

northern Siberia. Areas of the Pacific include Indochina and Viet-

nam. It has been found in North Africa and Australia, In North

America Archaediscus is recorded in Alaska, the Yukon, British

Columbia, the Maritime provinces, the Midcontinent, and Mexico.

Range.— Archaediscus makes its appearance in the upper part

of the Lower Visean (1964 Congress of the Carboniferous, 1971),

reaches its peak in the Late Visean and disappears in the Middle

Westphalian. On the authority of Prof. R. Conil (personal com-

munication) its earliest occurrence is at the base of Vlb, by defini-

tion.
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Genus HEMIARCHAEDISCUS Miklukho-Maklay, 1957

Plate 25, figures 1-3

Type species: Hemiarchaediscus planus Maklukho-Maklay,

1957.

Hem'iarchaediscus Hewitt and Conil, 1969, pi. 2, fig. 40; Miklukho-Maklay,
1957, p. 36, figs. 1-2; 1963, p. 161; Hallett, 1970, pi. 5, fig. 13.

Archaediscus Conil and Lys, 1964, p. 105, pi. 16, figs. 314; pi. 15, figs. 273-274.

Original description.— Shells flat, lens shaped with slightly circular edges.
Test consists of a proloculus and a second pseudotubular chamber, gloraerately
coiled at the beginning. The final coils are relatively freely coiled in a flat

spiral plane. The wall is bright calcareous, distinctly porous with a clear
dark interior layer.

Remarks.— This genus is well represented in our fauna. The
forms are small to moderate size. The surface of the tests are

smooth and lateral side thickenings are absent.

Conil, unpublished, in a key to the various suborders of Paleo-

zoic Foraminifera equates both Propermodiscus Miklukho-Maklay

and Hemiarchaediscus with Archaediscus Brady.

Brenckle (1970) equated Hemiarchaediscus with Archaediscus

but retained Propermodiscus as a separate genus. Brenckle con-

tended that Hem^iarchaediscus and Archaediscus have similar coiling

habits, compressed lateral shape, and a like wall structure. How-
ever, according to definition, Archaediscus is skew-coiled through-

out, whereas Hemiarchaediscus, similar in its initially coiled stage,

possesses more than one late whorl coiled freely in nearly one plane,

and without side thickenings. The change in type of coiling is

abrupt in Hemiarchaediscus. The base of the lumen of the final

coils is flat and the lumen outline is that of a semicircle.

Occurrence.— Hem,iarchaediscus has been reported from Great

Britain, Europe, and the Soviet Union. In the United States it has

been reported from the northern Cordillera. This is a first report of

the genus from the Mid-Continent and at a lower horizon than from

the western United States.

Range.— Hemiarcltaediscus ranges from early Visean to the

end of the Namurian. However, its recorded occurrence in the

United States is from the Namurian, except for this report, which

extends its range as low as Upper Visean. A possible reason for the

lack of information on the genus in the United States may be that

it has gone unrecognized.
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Genus TUBISPIRODISCUS Browne and Pohl, n. gen.

Plate 25, figures 10-12; Plate 26, figures 1-3

Derivation: tubus — pipe or tube, spira — coil or spire, discus

— disk.

Type species: Tubispirodiscus simplissimus Browne and Pohl,

n. sp.

Diagnosis.— Test free, flattened, concave-discoidal with nar-

rowest dimension through the axis of revolution; composed of a

proloculus followed by a freely coiled, undivided chamber which is

planospirally enrolled and entirely evolute throughout; periphery

well-rounded and surface somewhat uneven with evident sutures;

side thickenings absent; wall bright calcareous, composed of a single

fibro-radiate layer only; aperture a circular opening at the end of

the tube.

Comparison.— We consider this genus to have developed in the

phylogenetic corridor, beginning with the Cornuspiridae, which

links the primitive archaediscid Pianoarchaediscus and the family

Lasiodiscidae, The planospirality, evoluteness, loss of side thicken-

ings and the character of the single-layered wall in which the radial

layer has progressed to totality at the expense of a microgranular

layer, are features which serve to bridge this relationship.

Tubispirodiscus has the planospiral coiling habit of both Para-

permodiscus and Permodiscus but differs in all other important re-

spects such as the lumen and side thickenings.

Examination of the exquisitely preservd tests under high mag-

nification (X 1940) and various modes of illumination reveals a

complete absence of any microgranular structure or layer at any

position in the wall. The total elimination of the double wall struc-

ture and the retention of the radial layer alone is an appropriate end

product for one twig of this branch of the archaediscids which early

evinced a tendency to develop a hyaline wall at the expense of the

microcrystalline structure which was so prominent in its earlier

phylogenetic history.

Tubispirodiscus simplissimus Browne and Pohl, n. gen., n. sp.

Plate 25, figures 10-12; Plate 26, figure 1

Derivation.— simplissimus — most simple

Holotype USNM 186634, axial section
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Paratype USNM 186635, axial section

Paratype USNM 186636, equatorial section

Description.— Test free, with well-rounded periphery, consists

of a proloculus and a second tubular chamber which is completely

evolute and planospiral throughout. The surface is somewhat uneven

and marked by weakly impressed sutural lines.

The whorls, numbering from four and one-half to five, increase

gradually and uniformly in size, thus imparting a broadly umbilicate

appearance to the central and narrowest portion of the test. In

axial cut the lumen typically presents a semicircular outline.

In thin section the wall is seen as a single undifferentiated layer,

composed of fibro-radiate crystals. No vestige of a microgranular

structure is visible.

The aperture is a subcircular opening at the terminus of the

tube.

Dimensions.— Diameter — 155 [x to 191 ju,; width — 32 fi;

diameter of proloculus — 24 /x to 30 /j.; wall thickness — about 5 fi;

W/D — 0.17 to 0.21.

Occurrence.— Tubispirodiscus, consisting of two species, is

presently known only from the Fralleys locality here recorded. A
possible additional occurrence is a tentative Identification from a

late Vlsean sample from Bioul, Belgium.

Range. — Unknown, except for this first report from the

Fralleys horizon. It has not been recovered from the underlying

Beech Creek Limestone in spite of the fact that Its archaedlscld

population is astounding.

Subfamily ASTEROARCHAEDISCINAE Miklukhlo-Maklay, 1957

Miklukhlo-Maklay (1957) divided the family Archaediscidae

Cushman (1927) Into two subfamilies, Archaediscinae Cushman

(1927) and Asteroarchaediscinae Miklukhlo-Maklay (1957). He
defined the subfamily Asteroarchaediscinae as follows:

The shells are of varying form, as a rule with somewhat uneven surface. They
have been formed with the pseudo-tubular chamber coiled in a glomerate man-
ner, glomerate and flat spiral or only flat spiral. The height of the clearance

of the pseudo-tubular chamber is several times the thickness of the wall be-

tween corresponding volutions. The wall is very slightly porous.

Mlklukhlo Maklay (1963, p. 162), in describing this subfamily,
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referred to the "broken star" shape contour of the second chamber

formed by the sharp turns of this pseudo-tube-shaped chamber.

We would emend the definition of this subfamily to read as

follows

:

Forms belonging to this subfamily have tests that are dis-

coidal to subglobular in shape. The surface of the test may be

smooth to somewhat rough, with or without side thickenings. The
coiling habit may be glomerate, glomerate-planospiral or entirely

planospiral. The nature of the tight coiling of the spires and the

filling of the floor of the lumen by "flaring", or growth of nodosities

and denticulations unites the genera belonging to this subfamily.

This habit has imparted a stellate pattern to the various forms

when viewed in axial section. Sometimes the stellate appearance

is only present in the initial coils while in others it is apparent

throughout. It is less evident in the genus Planospirodiscus in which

the initial coils of the spires may depart slightly from the flat spiral

plane but are never glomerately coiled. The height of translucency

of the tubular chamber varies, producing forms with open lumen

and also those with partially or completely closed lumens. The
relationship of the height of the translucency to the wall thickness

also varies but is equal to, or less than, the wall thickness, except

for some forms {i.e., certain species of Neoarchaediscus), in which

the final coils may be freer and less tightly wound. The wall

pattern is partially or totally crenulated and chevron-shaped.

Genus NEOARCHAEDISCUS Miklukho-Maklay, 1956

Plate 25, figures 7-9

Types species: Archaediscus incertus Grozdilova and Lebedeva,

1954.

Archaediscus Grozdilova and Lebedeva, 1954, p. 60, pi. 7, figs. 14, 15; 1960,

p. 98, pi. 11, fig. 11.

Neoarchaediscus Miklukho-Maklay, 1956, p. 11; 1963, p. 162, table 10; Conil
and Lvs, 1964, p. 130, pi. 20, figs. 389-392; Brenckle, 1970, p. 184, pi. 10,

figs. 27-33, pi. 11, figs. 1-10; Hallett, 1970, pi. 5, figs. 11, 12; Maraet, 1970,

p. 41, pi. 7, figs. 7, 8, 12, 14, 17.

Planospirodiscus Mamet, 1970, p. 42, pi. 7, figs. 10, 14; Brenckle, 1970, p. 189,

pi. 11, figs. 16-25.

Original description.— The shells are flat-discus shaped with more or less

parallel sides. The surface of the shell is smooth or somewhat uneven. The be-
ginning chamber is spheric. The second chamber, not divided, coiled at the
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beginning (frequently with star-shaped structure), is followed by two to three

coils turned more or less in one plane and more freely. The wall is calciferous,

bright, quite thick, glass-like, finely porous, with an interior, thin dark layer.

Remarks. — Neoarchaediscus is a common element in the fauna

of the Fraileys Shale facies. It is so closely allied to Planospirodiscus

that these genera are frequently confused with each other, Neo-

archaediscus differs from Planospirodiscus in having its inner whorls

typically involute with closed lumen of stellate appearance. Pla^no-

spirodiscus, on the contrary, is totally evoluate with low lumen.

The height of the lumen of some forms of this genus is not

in accord with Miklukho-Maklay's definition of the subfamily

Asteroarchaediscinae, because the translucency of the last whorls

is sometimes greater than the wall thickness. Likewise, the wall

construction fails to correspond to Grozdilova and Lebedeva's des-

cription, consisting, in some of our forms, of a single radiate layer.

Asteroarchaediscus, belonging to the same subfamily, is always

completely involute with the lumen nearly closed. The wall is totally

crenulate.

Occurrence. — Neoarchaediscus has wide distribution. It has

been reported from the Soviet Arctic and all basins of the USSR.

It is present in Western Europe. In North America it is recorded

from the Maritime Provinces, British Columbia and Alberta, the

Cordillera, Alaska, and the Mid-Continent area.

Range.— Neoarchaediscus' earliest appearance is in Late Visean

time (VsbB-y), and it continues into the Westphalian. It is rare

in early V3b, becoming common at the end of the stage, according

to R. Conil (personal communication, 1972).

Genus PLANOSPIRODISCUS Sosipatrova, 1962

Plate 25, figures 4-6

Type species: Planospirodiscus taimyricus Sosipatrova, 1962.

Archaediscus Grozdilova and Lebedeva in Dain and Grozdilova, 1953, p. Ill,

table 4, fig. 15.

Archaediscus} Grozdilova and Lebedeva, 1954, p. 62; pi. 7, fig. 16.

Planospirodiscus Sosipatrova, 1962, p. 63; pi. 5, figs. 15-24, 1966, p. 21, pi. 3;

Mamet, 1970, p. 42, pi. 7, figs. 11, 13, 18, 22.

Not Planospirodiscus Mamet, 1970, p. 42, pi. 7, figs. 9-12, 14-17; Brenckle,

1970, p. 189, pi. 11, figs. 16-25.

Original description.— Test small, discoidal, with depressed, parallel,

or only slightly convex lateral sides, with rounded peripheral edges. Proloculus
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spherical. The coiling of the second fistulous chamber is evolute, planospiral

or with weak deflection in the first two whorls, the coiling tube being narrow
in the first whorls and more open in the last formed. The clear space (trans-

luccncy) of the second tubular chamber is low, the height of the clear space in

the last whorl being either of like thickness of the wall or smaller. The wall

is smooth, consisting of an exterior conspicuous (stout) vitreous (hyaline)

radiant, and an inner wall of a dark granular layer which is not always
quite noticeable.

We isolate the genus Planospirod'iscus contrasting to the genus Permo-
discus in the absence of preponderant (heavy) lateral thickenings and in the

depressed evolute coiling spirals, while from the genus Planoarchaediscus it

differs in the symmetry of the whorl coiling, well-developed radiant layer of

the walls and the inferior height of the spiral opening.

Planospirodiscus is, as previously mentioned, closely allied to

Neoarchaediscus, the difference being given under that genus.

While Planospirodiscus is common in the layers immediately

underlying the Frailey's horizon, typical Planospirodisciis either did

not flourish in the muddy habitat of the Frailey's, or which seems

less probable, in picking and selecting of forms for sectioning we
neglected to choose Planospirodiscus.

Planospirodiscus, normally has forms with low translucency

at the beginning and then changing noticeably, to somewhat more

open lumen in the final whorls to forms with low translucency

throughout. The number of whorls varies considerably.

We illustrate a form we are assigning to the genus Planospiro-

discus (see PI. 25, fig. 4) which is somewhat intermediate between

Planospirodiscus and Neoarchaediscus. However, it has the definitely

open lumen of Planospirodiscus even though the last whorls are

not completely evolute.

Occurrence. — Planospirodiscus has been reported from the

Siberian Arctic, western Europe (Rhineland, and Hesse), and

England. It is also present in Nova Scotia and the Mid-Continent

of the United States.

Range. — Planospirodiscus ranges from the Latest Visean to

the Early Namurian.

Remarks. — As noted above, we have placed the genus Plano-

spirodiscus in the subfamily Astroarchaediscinae. Sosipatrova (1962)

referred to the "starry character" of the starting coils in describing

some forms of Planospirodiscus present in the fauna from the Taimyr

Peninsula. Her generic diagnosis described the relationship of the

height of the translucency to the wall thickness. These are the basic

characters for the erection of the subfamily Astroarchaediscinae.
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Sosipatrova separated Pianospirodiscus from Permodiscus by
the absence of lateral thickenings and the depressed evolute coihng

of the spirals.

Family LASIODISCIDAE, Reitlinger, 1956

Genus MONOTAXINOIDES Brazhnikova and Yartseva, 1956

Plate 26, figures 4r9

Type species: Monotaxinoides transitorius Brazhnikova and

Yartseva, 1956.

Monotaxinoides Brazhnikova and Yartseva, 1956, p. 62-68, pi. 1, fig. 1.

?Turrispira Reitlinger, 1950, p. 19-20, pi. 2, figs. 7-9.

?Eolasiodiscus Reitlinger, 1956, p. 75.

ITurrispiroides Reitlinger, 1959; Brenckle, 1970, pp. 55, 56, pi. 1, figs. 36-40.

Original description.— Test planospiral, concave on one side, flattened or
gently convex on the other side, occasionally with a slightly displaced final

whorl. Spiral rather tightly, uniformly coiled. Spiral suture usually more or
less distinct or nearly flush. Tubular chamber strongly compressed parallel
to the axis of coiling. Number of whorls seven to eight or nine, sometimes
more. Initial chamber small, spherical in shape, 0.015-0.019 mm. in diameter.
Wall double-layered, consisting of a dark, very finely granular layer and a
light, hyaline-radiate layer. Outer hyaline-radiate layer of the wall weakly
developed, present mainly on one (concave) side, where it fuses with the
distinct hyaline, sometimes fibrous, material constantly filling the concave por-
tion of the test aperture, formed by the open end of the tubular chamber.
Diameter of the test 0.28-0.35 mm.; greatest thickness 0.05-0.06 mm.; thickness
of the wall of the final whorl 0.010-0.012 mm.

Remarks.— Reitlinger (1950) erected the genus Turrispira.

Mainly the characteristics which she attributed to this genus are

applicable to Monotaxinoides. These include the size, number of

whorls, manner of coiling, and the conical shape of the test. The
description of the wall differs in failing to include a description

of the weakly developed outer hyaline-radiant layer. Reitlinger

(1949) changed the name of the genus to Turrispiroides because

the generic name Turrispira was occupied by Conrad (1866). The
genus Eolasiodiscus was erected by Reitlinger (1956). This genus

was described as having supplementary fissure-like openings along

the spiral suture which are shown in her illustration of the equatorial

section of the holotype. From our experience, in sectioning of forms

in our fauna, we have found the supplementary openings only be-

come apparent when the specimens are oriented so that the hyaline

radiant layer is exposed. Accordingly, we suggest that the genera

Turrispiroides, Eolasiodiscus, and Monotaxinoides are sjmonymous.
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Monotaxinoides is not a common element of the Fraileys fauna

with some five to six specimens having been retrieved. The speci-

mens conform to Brazhnikova and Yartseva's description of the

genus Monotaxinoides in size, manner of coiling, shape and wall

layering. However, a properly oriented and cut specimen shows the

fissure-like openings or chambers along the spiral suture (see PI.

26, fig. 4). This feature was not mentioned by Brazhnikova and

Yartseva in their above translated diagnosis nor is it detectable in

their illustrations (see PI. 26, figs. 8, 9).

Occurrence.— Monotaxinoides is reported from the Soviet

Union, Great Britain, France, Algeria, and North Africa. In the

United States it has been recorded in Arkansas and as Turrispiroides

from Nevada. So far as is known, this is a first report from the Mid-

Continent region.

Range.— Monotaxinoides is listed as ranging from the upper-

most part of the Visean, where its presence is rare, through the

Namurian.
Family PSEUDOAMMODJSCIDAE Conil, 1970

In the present paper we assign certain genera to this family

which had been referred to other families by earlier workers. Conil

(Conil and Pirlet, 1970, pp. 52-53), in a preliminary notice estab-

lishing the family Pseudoammodiscidae presented the following

summary:
Until now we have attributed to the family Ammodiscidae the Dinantian

genera usually designated under the names Ammodiscus, Bninsia (in the

sense of Glomospirella) and Glomospira. Their microgranular wall, like that

of the Endothyracea, however, distinguishes them from the Ammodiscidae
with an agglutinated wall. We propose to reunite these genera in one new
family of Endothyracea: the Pseudoammodiscidae. This family probably orig-

inated from the Archaediscidae whose early species have a highly developed

microgranular wall and a radiant layer limited to the initial whorls. This
feature is inverted progressively throughout the evolution of the Archaediscidae,

whose Namurian species generally possess a microgranular layer that is but

little apparent.

The essential characteristics of the Pseudoammodiscidae are:
— Proloculum + an enrolled non-septate tube.

— Wall calcareous, simple, microgranular.
— Aperture terminal and simple.

This family appears for the first time in western Europe at the base of

the Visean with the more primitive Fusulinacea. It constitutes therefore, a good
regional guide, having arrived at a well-defined moment from the Ural basin.

The first representatives are, in effect, much better known from the Devonian
and the upper Tournaisian, in the U.S.S.R. (Bykova, Lipina).

We propose to assign under the name Pscudoammodiscus those ammo-
discoid species with a microgranular wall and to choose as the type species

Ammodiscus pr'tscus Rauser-Chernousova 1948.
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Comparison:

(Cf. A. Loeblich,

and H. Tappan 1964)

Planispiral
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what appears to be a tooth (see PI. 27, fig. 7). Moreover, both

genera Cyclogyra Wood and Cornuspira Schultze are Recent forms

which would give an improbably long range to the genus Cornuspira.

Cushman (text, 1948) placed many of the genera, including

Cornuspira, in the family Ophthalmidiidae which Conil would as-

sign to the family Pseudoammodiscidae. Cushman did not recognize

their relationship to the endothyrids which, at the time, had not

been placed in the superfamily Endothyracea. On the other hand,

he was aware that the genera he placed in the family Ophthal-

midiidae should not be classified with the Miliolina. None developed

an arenaceous exterior or a definite tooth in the aperture, nor do

they possess an early stage in which the chambers constantly change

their plane of coiling.

Occurrence. — Pseudoammodiscus has been reported either as

Cornuspira or Ammodiscus from both Eastern Europe and Western

Europe, the Soviet Union, and the Siberian Arctic. On the North

American continent it is recorded from Alaska, Alberta, British

Columbia, the Maritime Provinces, and the Mid-Continent region.

Range. — Pseudoammodiscus first appears in the Devonian of

eastern Europe and at the base of the Visean in western Europe.

It ranges into the Early Namurian, its acme coinciding with the

Visean-Namurian boundary.

Genus PSEUDOAMMODISCUS Conil, 1970

Plate 27, figures 1-5

Type species: Am^modiscus priscus (Rauser-Chernousova), 1948,

p. 227, pi. IS, figs. 2-3.

Pseudoammodiscus Conil and Lys in Conil and Pirlet, 1970, p. 52, 53.

Cornuspira Cushman and Waters, 1928", p. 44, pi. 5, fig. 5 ; 1930, p. 61, pi. 5,

figs. 4, 5.

Ammodiscus Rauser-Chernousova, 1948", p. 240, pi. 17, figs. 7, 8; Braznikova
et al., 1956, p. 23-24, pi. 1, figs. 13-15, 17; Conil and Lys, 1964, p. 22,

57-60, pi. 7, figs. 106-112.

Original description.— The test is a planospiral, consisting of a proloculus

with a diameter of 50 M and a pseudotubular chamber of three whorls. The
whorls increase gradually in both width and height. The height of the last

whorl varies from 30 to 45 M (averaging 45 to 45 m). The width of the tube
in the final whorls is somewhat larger than its height, being about 60 M at a
height of 45 M. The thickness of the wall in the last whorl is 5 to 8 M. The
average diameter of the test is 0.17-0.25 mm.

Remarks. — Pseudoammodiscus is a genus not present in large
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numbers in the Frailey's fauna although reported to be common in

the Russian sub-Moscow Basin. We have recovered at least two

forms.

Genus CALCITORNELLA Cushman and Waters, 1928

Plate 27, figures 8-11

Type species: Calcitornella elongata Cushman and Waters, 1928.

Calcitornella Cushman and Waters, 1928°, pp. 45-47, pi. 6, figs. 5, 8; Plumraer,

1945, p. 247.

Tolypammina Harlton, 1928, p. 305.

'iApterinella Cushman and Waters, 1928", p. 64.

Original description.— Test attached, consisting of a proloculum and
tubular second chamber with the early portion coiled about the proloculum,
then uncoiling and wandering over the surface to which it is attached; wall
calcareous, imperforate; aperture semicircular, formed by the open end of the

tubular chamber.

Remarks. — This is a form which probably evolved from

Pseudoa^nmodiscics which became attached and, in so doing, de-

veloped a peculiar habit. In this respect it is related to the genus

Ccdcivertella, described below. Both apparently adapted well to a

suitable ecological habitat, because there is a sudden appearance of

diversification. The variation is such that speciation will prove

difficult. The shape of test depends, to a large degree, on the surface

of attachment. The aperture is not always semicircular but may be

entirely circular — this feature being due to manner of attachment.

Occurrence.— Calcitornella has been reported from the northern

Cordillera of the United States and the Mid-Continent.

Loeblich and Tappan (1964) reported it from Europe.

Range. — Known range from Late Visean to Westphalian.

Loeblich and Tappan (1964) gave a range from Namurian to

Bashkirian.

Genus CALCIVERTELLA Cushman and Waters, 1928a

Plate 27, figures 12-14

Type species: Calcivertella adherens Cushman and Waters,

1928a.

Calcivertella Cushman and Waters, 1928*, p. 48, pi. 6, figs. 8a. 8b.

?Ammovertella Mamet, 1970, pi. 19, fig. 2; Conil, R. (unpublished key to the

suborders of Paleozoic Foraminifera).

Original description.— Test attached with the earlier stages Irregularly

coiled, later in a definite zigzag series, the tubular second chamber bending
back and forth but with the sides of the resulting test very slightly tapering.
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the last portion losing the coiled portion and becoming somewhat straight;

wall calcareous, imperforate; aperture rounded, formed by the open end of

the tubular chamber.

Rem-arks. — Calcivertella, as noted above, flourished at this

horizon. Because it has an isomorphous arenaceous counterpart in

the genus Ammovertella, the two genera are confused in the litera-

ture. The Russian treatise gives a diagnosis of the genus Ammover-
tella, placed in the family Tolypamminidae. Conil (unpublished key

to the suborders of the Paleozoic Foraminifera) placed the genus

Am-m-overtella in the newly erected family, Pseudoam-modiscidae

under the superfamily Endothyracea.

Occurrence.— Calcivertella and ^Ammovertella have been re-

ported on the North American Continent from British Columbia

and Alberta, and in the United States from the northern Cordillera

and the Mid-Continent. Their occurrence in Eurasia and elsewhere

is not known. It seems that they may be present in Europe, at least,

because Conil has placed calcareous forms under the generic name

Am,m^overtella.

Range.— The known range is from Late Visean to Westphalian.

Genus PSEUDOGLOMOSPIRA Bykova and Polenova, 1955

Plate 28, figures 8-10

Type species: Pseudoglom^ospira devonica Bykova, 1955.

Pseudoglomospira Bykova and Polenova, 1955, p. 30.

Glomospira Mikhailov, 1939; Rauser-Chernousova, 1948"; Cooper,

pi. 20, fig. 18; Malakova, 1956", p. 37, pi. 1, figs. 2, 3 ; 1

pis. 1-3; Conil and Lys, 1964, p. 60, pi. 7, figs. 106-112; Bre

P. 222. pl. 12. fies. 26-28.

r, 1947, p. 87,

1956^ p. 88,

^._. . ., _,,, , ^. .., ^.. ., ._„_. , _renckle, 1970,

p. 222, pl. 12, figs. 26-28.

Original description.— Test free, consisting of an initial chamber followed
by a second, streptospirally enrolled chamber. The aperture is simple, at the

extremity of the tubular chamber. The wall of the test is calcareous, homo-
geneous, dark, and finely granular.

Remarks. — Pseudoglomospira is common in the Frailey's

fauna. This genus has been confused in the literature with its iso-

morphous counterpart Glomospira. In morphology and manner of

enrollment they are similar but Glomospira, belonging to the family

Ammodiscidae, has an agglutinated test.

Occurrence. — Pseudoglom,ospira has been reported from Great

Britain, France, North Africa, and Russia. On the North American

Continent it is recorded from the Maritime Provinces, all along

the western Cordilleran, and in the Mid-Continent region.
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Range. — Mid-Visean to Early Namurian. Due to the confusion

in the hterature between the genera Glomospira and Pseudoglomo-

spira it is not possible to determine the precise horizon at which

Pseudoglomospira first occurs. Glotnospira is first seen in the

Tournaisian.

?RECTOCORNUSPIRA Warthin, 1930

Plate 28, figures 5-7

Type species: Rectocornuspira lituijormis Warthin, 1930.

Reciocornuspira Warthin, 1930, pp. 15, 16, pi. 1, figs. 5-7.

Coniuspira Harlton, 1927, p. 25, pi. 5, fig. 9.

Lituotuba Harlton, 1927, p. 17, pi. 1, fig. 3; p. 273, pi. 42, figs.2-3.

Original description.— Test free, or attached only in the gerontic stage,

consisting of a proloculum and a tubular second chamber, involute and coiled

planispirally or nearly so in the young stage, evolute and straight or irregular

in the adult; wall porcellaneous, imperforate; aperture the open end of the

tube. Length, up to 1 mm."

Remarks. — Warthin (1930), in erecting the genus noted that

"(it) evolved from Cornuspira by becoming evolute without greatly

specializing the tube." It is our belief that Warthin, in tracing the

phylogeny of Rectocornuspira, was referring to forms, at that time

considered to belong to the genus Cornuspira, which we are trans-

ferring to the genus Pseudoamtmodiscus of the family Pseudoammo-

discidae. We have retrieved only one specimen of }Rectocornuspira;

however, it possesses the diagnostic features of the Pseudoammo-

discidae — proloculus plus an enrolled nonseptate tube, a calcareous

microgranular wall, and a simple terminal aperture. Our specimen

resembles the genus Pseudoammodiscus except for the final rectoid

part of the tube.

Occurrence. — The Mid-Continent region of the United States.

Range. — Middle Visean through the Namurian.

TREPEILOPSIS Cushman and Waters, 1928, emend. Browne and Pohl

Plate 28, figures 1-4

Type species: Turritellella grandis Cushman and Waters.

Trepeilopsis Cushman and Waters, 1928", p. 38, pi. 4, figs. 12, 13; Plummer,
1945, p. 247; Cooper, 1947, pp. 81, 87; Hewitt and Conil, 1969, p. 179, pi.

1, figs. 7-9; Conil, (unpublished key to suborders of Paleozoic Foramini-
fera).

Turritellella Cushman and Waters, 1927, p. 149, pi. 26, fig. 9.

Original description.— Test elongate, spiral, consisting of a proloculum
and an elongate tubular second chamber in an elongate close spiral, line be-
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tween the coils distinct and depressed, wall arenaceous. Length of holotype

1 mm; maximum breadth 0.40 ram.

Remarks. — Trepeilopsis is a scarce element in the fauna with

few specimens retrieved. The Frailey's horizon is probably close to

the beginning of its range. This genus seems to be confused in the

literature with the genus Turritellella Rhumber which is an arenace-

ous form. Plummer (1945, p. 247) stated that Cushman and Waters'

holotype is porcellaneous with a Calcitornella-Yike initial stage and

not arenaceous. She included the genus in the family Ophthalmedii-

dae. She stated, "A future paper will treat of this problem more

extensively with many illustrations." Unfortunately, her death oc-

curred before the proposed paper was completed.

Because Trepeilopsis is a valid name and the authors changed

the generic name from Turritellella to Trepeilopsis, there seems no

need to erect a new generic name but rather to emend the genus

to read as follows:

Test attached, commonly to brachiopod spines or algae, con-

sisting of a proloculus and a tubular second chamber with the early

portion of test enrolled about the proloculus in a ^'CalcitornellaA'ike''

initial stage, then winding in a high trochospiral coil in a fashion

similar to that of the genus Turritellella; wall is calcareous, homo-

genous, composed of microgranular calcite grains.

The siliceous arenaceous forms which have been described in

the literature under the generic names of Trepeilopsis do not belong

to this genus. Conkin and Conkin (1964, p. 39) noted that fact.

Loeblich and Tappan (Treatise, 1964) made no mention of Plum-

met's study of the holotype and retained the genus Trepeilopsis in

the family Ammodiscidae.

Occurrence.— Trepeilopsis has been reported from Eastern

Europe. On the North American Continent it is known from Arctic

Alaska, the Yukon, the northern Cordillera of the United States,

and the Mid-Continent.

Range.— Known range is from Late Visean to Upper Na-

murian.

Family TETRATAXIDAE Galloway, 1933

Genus TETRATAXIS Ehrenberg, 3854, emend, von Moller, 1879

Plate 29, figures 1-7

Type species: Tetrataxis conica Ehrenberg, 1854 emend. Mol-

ler, 1879.
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Tetrataxis Ehrenberg, 1854, p. 24, pi. 37, figs. 12, 13.

{Valvulina) Brady, 1876, p. 83, pi. 4, figs. 1-5; Cushman and Waters, 1928*,

p. 65, pi. 8, figs. 9a, 9b; Cherynshcva, 1940, p. 132, pi. 2, fig 9; Rauser-

Chernousova, 1948\ pp. 12, pi. 3, figs. 10-11; Reitlinger, 1950, p. 71, pi.

15, figs. 1-11; Grozdilova and Lebedeva, 1954, p. 65, pis. 7, 8; Malakhova,
1956% p. 44, pis. 5, figs. 4-7; Potievskaya, 1962, p. 63, pi. 4, figs. 1-4;

Pronina, 1963, p. 148, pi. 7, figs. 4-9; Conil and Lvs, 1964, p. 85, pi. 11,

figs. 215-217; Brenckle, 1970, pp. 157-171, pi. 9, figs 10, 11, 15; pi. 10,

figs. 1-13; Hallett, 1970, p. 881, pi. 4, figs. 9-11; Michelsen, 1971, p. 34,

pi. 1, figs. 5-19.

Original description— (From von Moller.) Shell conical, more or less

regular, with flat, somewhat concave or the opposite, convex underside. Aper-
ture four-lobed, exceptionally with three or five lobes. Apex more or less

pointed, sometimes slightly rounded or displaced to one side: the apical angle

varies between 70° and 85°. Chambers are very flat, trapezoidal, more or less

clearly regimented spirally and not split into cells (that is, groups). Each
whorl is occupied by four or, less often, three such chambers, which, on the

underside of the shell, are separated by more or less conspicuous arched
radial furrows; but on the upper side of the shell the borders between the

individual chambers are not so clearly seen.

Moller goes on to mention the presence of "radial pore-canals"

but does not describe the two-layer structure of the wall so evident

in his text-figure 30 (M5ller, 1879, p. 72).

Occurrence.— Tetrataxis occurs throughout the Northern

Hemisphere. It has been reported from Great Britain, Belgium,

France, all basins of the Soviet Union, North Africa, and the Siberian

Arctic. On the North American Continent Tetrataxis is recorded

from the Maritime Provinces, British Columbia, and the Cordillera

from Alaska to New Mexico. It is also present in the Mid-Continent

region.

Range.— Tetrataxis ranges from the Late Tournaisian through

the Triassic, being a common element in Visean faunas.

Family ENDOTHYRIDAE Brady, 1884

Genus ENDOTHYRA Phillips, 1846, emend. Brady (restricted) 1876,

sensu Mamet, ms.

Genus ENDOTHYRA Phillips, 1846

Plate 29, figures 8, 9; Plate 30, figures la, lb, 2

Type species: Endothyra bozvmani Phillips, 1846.

Endothyra Phillips, 1846, emend. Brady (restricted), 1876; Cushman and

Waters, 1927, p. 110; Harlton, 1927, pp. 18-20 (part); Galloway and

Harlton, 1928, p. 12; Plummer, 1930, pp. 15, 16 (part); St. Jean, 1957,

pi. 1, figs. 4, 6, 8, 9, 11, pi. 2, figs. 1, 2; Mamet, 1970, pp. 34, 35; Brenckle,

1970, p. 102, pi. 4, figs. 9-35.

Not Endothyra Phillips in Brown, 1843, p. 17; Phillips, 1846, pp. 277-279;

Brady, 1876, pi. 5, fig. 3; Zeller, 1950, pp. 1-23, pis. 1-5; 1957, pp. 679-704,
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p!s. 75-80; St. Jean, 1957, p. 23, pi. 1, figs. 5, 7, 10, 12; Loebllch and Tap-
pan, 1964 (text description), pp. 343-346.

Plectogyra Zeiier, 1950, pp. 1-12 (part), pi. 2, figs. 4-7, 12, 14, 16, 17; pi. 4,

fig. 8; pi. 5, figs. 4, 7-9, 12, 13, 18, 22; Zeller, 1953, pp. 195-198, pi. 27,

figs. 12-20; pi. 28, figs. 1-18; Conil and Lys, 1964, pp. 155-226 (part);

Hallett, 1970, p. 896 (part).

Plcctogyrina Reitlinger in Rauser-Chernousova and Fursenko, 1959, p. 196.

Original description.— Endothyra Phillips in Brown, 1843. In-

valid China, 1965, 724/la, p. 37.

Shell involute, discoidal, internally concamerated, the chambers com-
municating by a large perforation; the septa arranged in stellated order; their

eraarginations on the inner part of their disk; destitute of any shelly siphuncle.

Form of the septal edge unknown. Size, one fiftieth of an inch.

Endothyra Phillips, 1843 is probably a fusulinid (See PL 30,

fig. 4.)

Original description — Endothyra Phillips, 1846. Validated

China, 1965, 724/2, p. 37.

Amongst these fossils I distinguish a beautiful concamerated shell, most
probably a foraminifer, with a large opening in each septum, on the interior

edge. Formerly, I saw in possession of Mr. John E. Bowman a specimen of

this kind, visible to the naked eye, and named it Endothyra Boivmanni. The
volutions are swollen externally between the septa.

Endothyra Phillips, 1846 is almost certainly an endothyranopsin

(see PI. 30, fig. 3) or a globoendothyrin.

Revision.— Endothyra Brady (restricted) 1876.

Phillips' types had been lost previously. Brady collected topo-

types, described and figured specimens from Lanarkshire and estab-

lished Phillips' Endothyra Boivmanni 1846 (corrected to E. bow-

trumi).

Unfortunately, Brady subjected Rotalia (currently Globoendo-

thyra) Baileyi Hall, 1856 into synonymy with E. bowmani (1876,

p. 93, pi. V, fig. 3: "Detailed examination has convinced me that,

notwithstanding the somewhat stouter proportions presented by the

American specimens they do not differ in any important character

from Endothyra Bozvm-ani." On this basis Brady, in describing the

test of the genus Endothyra (1876, p. 91), now known to include

representatives of the current genera Loeblichia, Globoendothyra,

Eostajjella, Endothyranopsis, and Pseudoendothyra (Mamet, ms.),

attributed characteristics not present in the Lanarkshire form of the

type species E. bozumani: "The texture of the shell in Endothyra

is to a greater or less degree arenaceous — calcareous sand embedded
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in a calcareous cement — the grains are minute and rounded and

set in a homogeneous material. Sometimes the fine calcareous cement

is in large excess — ". Brady illustrated, under the designation

Endothyra Bowmani, Phillips, a specimen of Globoendothyra baileyi

(Hall) (see pi. V, fig. 3). The remaining illustrations of Brady

(pi. V, figs. 1, 2a-b, 4) are of the Lanarkshire form of E. bowirumi.

The British forms range in size from 548 ix to 692 p.) the Indiana

specimen measures 1303 fx.

Revision. — Endothyra Loeblich and Tappan 1964.

Loeblich and Tappan (1964, p. C346, 262/la-b) designated and

illustrated a neotype for E. bowmani (BMNH-P4166S ex P35440

from Brady's collection) as part of their intended revision of the

genus (Bull. zool. Nomencl., vol. 20, part 4, July, 1963, p. 289). The

maximum dimension of the neotype is 566 fi. The action of Loeblich

and Tappan was validated (China, 1965, 724/3): " — the binomen

Endothyra bowmani, as interpreted by the neotype designated by

Loeblich and Tappan, 1964, (type-species of Endothyra Phillips,

(1846) ) is hereby placed on the Official List — ". At the same time

Loeblich and Tappan published an indeterminate drawing of an

equatorial section of E. bowmani from Brady's collection (BMNH-
P41674 ex P35440) with a diameter of 639 /x. The accompanying

description (p. C343) states: " — wall calcareous, with 2 layers,

thin dark outer layer (tectum) and thicker, fibrous alveolar, inner

layer (diaphanotheca); partial recrystallization may result in granu-

lar appearance — ".

There is no way to be certain about the wall characteristics

of the intact neotype, and Loeblich and Tappan's drawing of the

accompanying thin section reveals nothing. It is assumed here that

these specimens are entirely identical to Brady's Lanarkshire forms

illustrated in 1876, on the basis of a 1973 communication to Pohl

from B. L. Mamet: "I have seen the type in the British Museum
and it is only a tectum and tectoria zvithout diaphanotheca!"

The validity of the designation of a neotype by Loeblich and

Tappan is not questioned; but their descriptive text relative to wall

structure for E. bowmani is rejected, since what they describe is,

without doubt, that of an endothyranopsin or a globoendothyrin.

Rem,arks.— The genus term Endothyra is used in this paper for

those Late Paleozoic endothyrids with a skew type of coiling and
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irregularly present and sometimes prominent secondary deposits.

The wall structure is a simply secreted, thin, homogeneous, micro-

crystalline theca without pores or alveoloi and most often with a

denser outer layer or tectum.

The confusion that has existed over the status of the genus

term Endothyra stems principally from a desire on the part of

paleozoologists to conserve a name that has become widespread in

the literature, and secondly from a failure to understand the rela-

tive phylogenetic importance of wall structure versus gross mor-

phology. Diagenetic alteration of test and the general limitation

imposed by random-cut examination of these fossils pose additional

difficulties. A phylogenetic link is recognized at present among the

endothyrins: Endothyra, Spinoendothyra, Latiendothyra, Tuhereru-

dothyra, Laxoendothyra, Injlatoendothyra, Mediendothyra, and the

advanced form Zellerina. They are distinguished by wall characteris-

tics from the endothyranopsins and globoendothyrins Endothyranop-

sis, Globoendothyra, Banjjella, Eoendothyranopsis, Eogloboendo-

thyra, and Skippella Mamet (ms.) The former have homogeneous

walls, the latter possess porous, alveolar walls. A period of uneasi-

ness and uncertainty has existed among paleontologists most closely

involved with Mississippian and Pennsylvanian Endothyridae since

the ruling of the I.C.Z.N. in 1965 (China, pp. 37-39). An untenable

situation was created, in which the type species of the genus and

the family was covered by a revised description relating it to the

families Endothyranopsidae and Globoendothyridae. It is hoped that

the solution offered in this paper will clarify this taxonomic dif-

ficulty.^

The endothyrids, together with the archaediscids are abundant,

comprising a large part of the Fraileys fauna. Some half-dozen

species are present, of small to medium size, with chambers number-

ing from five to nine-and-a-half in the final whorl. Most specimens

do not preserve the two-layered wall.

3 Another taxonomic problem which must be met soon is the question of the

continued use of the generic term Globoendothyra. Mamet was the first to

point out (Sando, et al., 1969, footnote p. E13) that Globoendothyra Reitlinger,

1954 in all probability is a junior synonym of Plectogyra Zeller, 1950. Pohl
arrived at the same conclusion independently, following comparison of the

Zeller type and study material with separate collections.
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Occurrence.— Endothyra in the present sense has been re-

ported from western and eastern Europe, all territories of the USSR,
north Africa and the Siberian and Russian Arctic. On the North

American continent it occurs in British Columbia, Alberta, the

Maritime Provinces, the southern Cordillera, and the Mid-Con-

tinent.

Range. — The genus Endothyra ranges from the Late Tourna-

sian to the Early Namurian, as previously reported. In its present

restricted sense its principle occurrence is in the Middle and Late

Visean. The group E. prisca has the longest range, extending from

the Late Tournasian to the Early Namurian. It is especially promi-

nent at the Visean-Namurian boundary.

Genus ZELLERINA Mamet, 1970

Plate 30, figures 11, 12; Plate 31, figures 1-4

Type species: Endothyra discoidea Girty, 1915.

Zellerina Mamet in Mamet and Skipp, 1970, p. 336.

Endothyra Girty, 1915, p. 27, pi. 10, figs. 10, 11, 13-16; Wray, 19S2, text figs,

1-5-17.

Millerella Zeller, E. J., 1950, pi. 5, figs. 16, 17; Zeller, D. E. N., 1953, pp. 192-

194, pi. 26, figs, 7-10, 12-26, pi. 27, figs. 1-11.

Paramillerella Zeller, 1957, pi, 75, figs. 1, 3-8, 10-13; Skipp, 1961, pp. C242,
243, fig. 236-3 1, J.

Original description.— Shell lenticular, very small, usually less than one-
third millimeter in diameter. Thickness usually less than one-half the diameter.
Nearly complanate, consists of two to three volutions composed of rather large

chambers of which six or seven occur in the last volution. Walls of the final

volution about 0.02 millimeters thick. Different sections, apparently perpendicu-
lar to the plane of revolution, measure 0.31 by 0.13 millimeters; 0.3 by 0.14

millimeters; 0.24 by 0.1 millimeters; 0.21 by 0.084 millimeters; 0.27 by 0,11

millimeters, A large section in the plane of revolution has a diameter of 0.38

millimeters.

Original description.— Zellerina new genus, Endothyra discoidea emend.,
Mamet. Shell lenticular, planispiral, involute, non-keeled, with smooth periphery
and faint umbilici. Proloculum followed by 3-4 rather regulary coiled whorls.
Ten to twelve chambers in the last whorl, usually 25-35 in the adult shell.

Septa nearly straight, anteriorly directed. Secondary deposits feebly developed
in the form of the minute pseudochomata. Wall calcareous, trilayered.

Remarks.— Zellerina is a common element in the Fraileys

fauna. It is represented by small forms with three whorls and from

8 to 11 chambers in the final whorl. Mamet stated (1970) that the

genus is transitional between an advanced Endothyra of the group

E. prisca (Rauser-Chernousova and Reitlinger) and Eostaffella.
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The character of the wall and the subquadratic chambers Hnk it

to this group. It lacks the umbilical plug of Mediocris.

Occurrence.— Indochina is the only place this genus has been

reported in Eurasia. On the North American Continent it is com-

mon; sometimes occuring in swarms.

Range.— Mid-Visean to Early Namurian.

Superfamily FUSULINACEA von Moller 1878

Family OZAWAINELLIDAE Thompson and Foster, 1937

Genus ? EOSTAFFELLA Rauser-Chernousova, 1948

Plate 31, figures 5-7

Type species: Staffella (Eostaffella) parastruvei Chernousova,

1948.

Eostaffella Rauser-Chernousova, 1948^ p. 15, pi. 3, figs. 16-18; Brazhnikova,

et al., 1956, p. 66; Conil and Lys, 1964, p. 233, pi. 40, figs 820-839.

Endothyra Cherynsheva, 1948, p. 246.

Paramillerella Thompson, 1951, p. 115.

Original description.— The shell is lenticular to ovoid, depressed at

the sides. The first coils are endothyroid, sometimes expressed in the oscillating

attitude of the coiling axis when viewed at 90 degrees. Dimensions from small

to average. The wall is thin, not differentiated or consisting of three layers:

tectum, exterior and interior tectoria. The septa are completely straight. Sup-
plementary deposits are present in the form of the thickened septal ends on
both sides of the aperture, but usually they do not form constant chomata.

Remarks.— A single specimen was retrieved from the fauna

which externally and in saggital section appears to resemble the

genus Eostaffella. The specimen, unfortunately, is broken on one

side. Having but one specimen, no determining axial section was

obtainable. However, the specimen is not a juvenile form. It is a

symmetrically coiled spire and must have had at least 13 chambers

in the final coil. The periphery is somewhat sharp and the sides of

the test compressed and slightly umbilicate. The wall is not dif-

ferentiated. Pseudochomata are present in Eostaffella and usually a

keel is evident.

Occurrence.— Eostaffella has been reported from Europe,

North Africa, the USSR, and the Siberian Arctic. On the North

American Continent it is present in Alaska, British Columbia, the

Yukon Territories, the Maritime Provinces and in the Mid-Con-

tinent region of the United States.

Range. — Early Visean through the Namurian.
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Explanation of Plate 22

An objective of these plates, as is the case in the systematic text, is to show
the originally published material upon which each generic taxon of the Fraileys

faunule was established.

Figure Page

1. ? Asterosphaera Reitlinger 190
Equatorial section, USNM No. 186618.

2. Asterosphaera pulchra Reitlinger 190
Equatorial section X 100 (after Reitlinger).

3. ? Asterosphaera Reitlinger 190
Exterior view of fig. 1.

4. Calcisphaera Williamson, crossed polars 191
Equatorial section, USNM No. 186619.

5. Calcisphaera Williamson 191
Equatorial section, USNM No. 186620.

6. Calcisphaera Williamson 191
Exterior view of fig. 5.

7. Calcisphaera laevis Williamson 191
Equatorial section X 100 (after Williamson).

8. Diplosphaerina inequalis (Derville) 193
Equatorial section X 40 (after Derville).

9. Diplosphaerina (Derville) 193
Equatorial section of attached form, USNM No. 186621.

10. Diplosphaerina (Derville) 193
Exterior view of fig. 9.

11. Diplosphaerina (Derville) 193
Thin section of attached form, USNM No. 186622.

12. Diplosphaerina (Derville) 193
Exterior view of fig. 11.
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Explanation of Plate 23

Figure Page

1. Diplosphaerina (Derville) 193
Equatorial section of free form, USNM No. 186623, slightly-

crossed polars.

2. Diplosphaerina (Derville) 193
Equatorial section of three-chambered free form, USNM No.

186624.

3. Diplosphaerina (Derville) 193
Exterior view of fig. 2.

4. Rauserina Antropov 195
Equatorial section, partially broken, USNM No. 186625.

5. Rauserina Antropov 195
Exterior view of fig. 4.

6. Rauserina Antropov 195
Partial section of wall detail of fig. 4, crossed polars.

7. Rauserina notata Antropov 195
Thin section X 140 (after Antropov).

8. Diplosphaerina (Derville) 193
Exterior view of fig. 1.
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Explanation of Plate 24

Figure Page

1. Earlandia perparva Plummer 196

Exterior view of hoiotype, Plummer collection, S656, magnifica-

tion approximately 100 X.

2. Earlandia Plummer 196
Axial section with proloculus intact, USNM No. 186626.

3. Earlandia Plummer 196
Exterior view of fig. 2.

4. Earlandia Plummer 196
Axial section, USNM No. 186627.

5. Earlandia Plummer 196
Axial section, USNM No. 186628.

6. Earlandia Plummer 196
Exterior view of specimen No. 5.

7. Earlandia Plummer 196
Axial section of proloculus, USNM No. 186629.

8. Earlandia Plummer 196
Exterior view of fig. 7.

9. Archaediscus Brady 199
Axial section, USNM No. 186630.

10. Archaediscus Brady 199
Exterior view of fig. 9.

11. Archaediscus karreri Brady 199
Equatorial section X 38 (after Brady — 1873).

12. Archaediscus karreri Brady 199
Axial section X 38 (after Brady — 1873).

13. Archaediscus karreri Brady 199
Exterior view X 38 (after Brady — 1873).
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Explanation of Plate 25

Figure Page

1. Hemiarchaediscus Miklukho-Maklay 201
Axial section, USNM No. 186631.

2. Hemiarchaediscus Miklukho-Maklay 201
Exterior view of fig. 1.

3. Hemiarchaediscus planus Miklukho-Maklay 201
Axial section X 90 (after Miklukho-Maklay).

4. Planospirodiscus Sosipatrova 205
Axial section, USNM No, 186632.

5. Planospirodiscus taimyricus Sosipatrova 205
Axial section X 140 (after Sosipatrova).

6. Planospirodiscus taimyricus Sosipatrova 205
Equatorial section X HO (after Sosipatrova).

7. Neoarchaediscus (Grazdilova and Labedeva) 204
Axial section, USNM No. 186633.

8. Neoarchaediscus (Grozdilova and Lebedeva) 204
Exterior view of fig. 7.

9. Neoarchaediscus incertus (Grozdilova and Lebedeva) 204
Axial section X 77 (after Grozdilova and Lebedeva).

10. Tubispirodiscus simplissimus Browne and Pohl, n. gen., n. sp. .. 202
Axial section of holotype, USNM No. 186634.

11. Tubispirodiscus simplissimus Browne and Pohl, n. gen., n. sp. .. 202
Axial section of paratype, USNM No. 186635.

12. Tubispirodiscus simplissimus Browne and Pohl, n. gen., n. sp. .. 202
Exterior view of fig. 11.
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Explanation of Plate 26

Figure Page

1. Tubispirodiscus simplissimus Browne and Pohl 202
Equatorial section, USNM No. 186636.

2. Tubispirodiscus Browne and Pohl, n. sp 202
Equatorial section, USNM No. 186637.

3. Tubispirodiscus Browne and Pohl, n. gen 202
Exterior view of fig. 2.

4. Monotaxinoides Brazhnikova and Yartseva 207
Equatorial section, USNM No. 186638.

5. Monotaxinoides Brazhnikova and Yartseva 207
Exterior view of fig. 4.

6. Monotaxinoides Brazhnikova and Yartseva 207
Axial section, USNM No. 186639.

7. Monotaxinoides Brazhnikova and Yartseva 207
Exterior view of fig. 6.

8. Monotaxinoides transitorius Brazhnikova and Yartseva ^7
Axial section of holotype X 85 (after Brazhnikova and Yartseva).

9. Monotaxinoides transitorius Brazhnikova and Yartseva 207
Equatorial section X 85 (after Brazhnikova and Yartseva).



Bull. Amer. Paleont., Vol. 64 Plate 26



Bull. Amer. Paleont., Vol. 64 Plate 27



FORAMINIFERA KENTUCKY: BrOWNE & PoHL 235

Explanation of Plate 27

Figure Page

1. Pseudoammodiscus (Rauser-Chernousova) 210
Equatorial section, USNM No. 186640.

2. Pseudoammodiscus (Rauser-Chernousova) 210
Axial section, USNM No. 186641.

3. Pseudoammodiscus (Rauser-Chernousova) 210
Exterior view of fig. 2.

4. Pseudoammodiscus priscus (Rauser-Chernousova) 210
Equatorial section of type species X 86 after (Rauser-Chernou-

sova).

5. Pseudoammodiscus priscus (Rauser-Chernousova) 210
Axial section of type species X 86 (after Rauser-Chernousova).

6. Cornuspira planorbis Schultze 209
Equatorial section X 60 (after Schultze).

7. Cyclogyra multiplex Wood 209
Equatorial section of holotype X 5.2 with enlarged views of aper-

ture (after Wood).

8. Calcitornella Cushman and Waters 211
Axial section, USNM No. 186642.

9. Calcitornella Cushman and Waters 211
Exterior view of fig. 8.

10. Calcitornella elongata Cushman and Waters 211
Attached side of holotype X 80 (after Cushman and Waters).

11. Calcitornella elongata Cushman and Waters 211
Free side of holotype X 80 (after Cushman and Waters).

12. Calcivertella Cushman and Waters 211
Axial section, USNM No. 186643.

13. Calcivertella Cushman and Waters 211
Exterior view of fig. 12.

14. Calcivertella adherens Cushman and Waters 211
Exterior view of attached holotype X 37 (after Cushman and

Waters).
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Explanation of Plate 28

Figure Page

1. Trepeilopsis Cushman and Waters 213
Axial section, USNM No. 18664+.

2. Trepeilopsis grandis Cushman and Waters 213
Exterior view of holotype X 22 (after Cushman and Waters).

3. Trepeilopsis Cushman and Waters 213

Axial section, USNM No. 186645.

4. Trepeilopsis Cushman and Waters 213
Exterior view of fig. 3.

5. ? Rectocornuspira Cushman and Waters 213
Equatorial section, USNM No. 186646.

6. ? Rectocornuspira Cushman and Waters 213
Exterior view of fig. S.

7. Rectocornuspira lituiformis Warthin 213
Exterior view of holotype X 60 (after Warthin).

8. Pseudoglomospira Bykova 212
Thin section. USNM No. 186647.

9. Pseudoglomospira Bykova 212
Exterior view of fig. 8.

10. Pseudoglomospira devonica Bykova 212
Thin section of holotype X 100 (after Bykova).
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Explanation of Plate 29

Figure Page

1. Tetrataxis Ehrenberg 214
Longitudinal section, USNM No. 186648.

2. Tetrataxis Ehrenberg 214
Exterior basal view of fig. 1.

3. Tetrataxis Ehrenberg 214
Transverse, basal section, USNM No. 186649.

4. Tetrataxis Ehrenberg 214
Exterior, dorsal view of fig. 3.

5. Tetrataxis conica Ehrenberg 214
Ventral view of holotype (after Ehrenberg).

6. Tetrataxis conica Ehrenberg 214
Exterior dorsal view X 20 (after Moller).

7. Tetrataxis conica Ehrenberg 214
Exterior ventral view X 20 (after Moller).

8. Endothyra Phillips 215
Equatorial section, USNM No. 186650.

9. Endothyra Phillips 215
Exterior view of fig. 8.
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Explanation of Plate 30

Figure Page

la-lb. Endothyra Phillips 215
Exterior ventral view stereo-pair, USNM No. 186651.

2. Endothyra Phillips 215
Equatorial section of fig. 1.

3. Endothyra bowmani Phillips, 1846 215
Equatorial section, original figure, original size (after Phil-

lips) from Henbest.

4. Endothyra bowmani Brown, 1843 215
Equatorial section, original figure, original size (after Brown)
from Henbest.

5. Endothyra bowmani Phillips 215
Exterior, apertural view of neotype X 75, in Loeblich and
Tappan.

6. Endothyra bowmani Phillips 215
Exterior, side view of neotype X 75, in Loeblich and Tappan.

7. Endothyra bowmani Phillips 215
Equatorial section X 60, Brady's specimen BMNH-P41674, in

Loeblich and Tappan.

8. Endothyra bowmani Phillips 215
Exterior, apertural view X 50 (after Brady 1876).

9. Endothyra bowmani Phillips 215
Exterior, side view X 50 (after Brady 1876).

10. Endothyra bowmani Phillips 215
Exterior, side view X 30 (after Brady 1876).

11. Zellerina Mamet 219
Axial section.

12. Zellerina Mamet 219
Exterior of fig. 12.
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Explanation of Plate 31

Figure Page

1. Zellerina Mamet 219
Axial section, USNM No. 186653.

2. Zellerina Mamet 219
Exterior side view of fig. 1.

3. Zellerina discoldea (Girty) 219
Axial section X 100 (after Girty).

4. Zellerina discoidea (Girty) 219
Equatorial section X 100 (after Girty).

5. ? Eostaffella Rauser-Chernousova 220
Equatorial section, USNM No. 186654.

6. ? Eostaffella Rauser-Chernousova 220
Exterior view of fig. 5.

7. Eostaffella parastruvei Rauser-Chernousova 220
Axial section, type species X +0 (after Rauser-Chernousova).

8. Genus not designated, belonging to family Parathuramminide
Section of attached form, USNM No. 186655.

9. Genus not designated, belonging to family Parathuramminide
Section of attached form, USNM No. 186656.

10. Genus not designated, belonging to family Parathuramminidae?
Section of apparently unattached form, USNM No. 186657.

11. ? Nodosinella Brady 196
Longitudinal section, USNM No. 186658.

12. Genus not designated, belonging to super-family Endothyracea
Equatorial section, USNM No. 186659.

13. Genus not designated, belonging to family Earlandiidae, sub-
family ? Nodosinellinae

Longitudinal section, USNM No. 186660.
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CRINOID STUDIES

Roger K. Pabian^

AND

Harrell L. Strimple^

PART I.

SOME PENNSYLVANIAN CRINOIDS FROM NEBRASKA

ABSTRACT
Systematic collecting from Upper Pennsylvanian (Missourian and Vir-

gilian) rocks in southeastern Nebraska has yielded crowns and dorsal cups of

68 crinoids representing 34 species, seven of which, Erisocrinus healdae, Graff-
ham'icrinus ictraspinosus, Arrectocrinus comminutus, PynJaxocrittus gerdesi,

Apographiocrinus <virgilicus, Bathronocrinus '•jjolfriverensis, and Galateacrinus
gossameri, are new.

Tentative Range-Zones are given for most of the previously described
crinoid species reported herein.

INTRODUCTION
The 68 specimens used in this study of crinoids from Nebraska

were obtained over about a ten-year period from various natural

and artificial, man-made exposures of several horizons of Upper

Pennsylvanian rocks in southeastern Nebraska. The material dis-

cussed herein is reposited in the invertebrate paleontological collec-

tions of the University of Nebraska State Museum (UNSM), The
University of Iowa (SUI), University of Oklahoma (OU), or the

United States National Museum (USNM).
The purpose of this study is to describe several new species of

crinoids found in Nebraska and to record the geographic (Text-fig.

1, Appendix I) and stratigraphic occurrences in Nebraska of both

the new species and previously described species.

Additional material from Nebraska will be considered in sub-

sequent studies.

PREVIOUS WORK
Erisocrinus nehrascensis Meek and Worthen (r= Erisocrinus

typus Meek and Worthen) was probably the first species of crinoid

described from Nebraska. Meek and Worthen (1865b, p. 174) re-

ported this specimen from the Coal Measures, Bellevue, Nebraska.

H. B. Geinitz (1866) described the species, Cyathocrinus inflexus,

which is now referred to the genus Delocrinus Miller and Gurley.

The specimen was collected from the middle Wabaunsee beds, just

above the Tarkio Limestone, at Nebraska City. F. B. Meek (1872)

described a partial crown of Delocrinus from the neighborhood of

Omaha, Nebraska, and called it Scaphiocrimis? hemisphaericus

1. Conservation and Survey Division, University of Nebraska, Lincoln.

2. Department of Geology, University of Iowa, Iowa City.
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CRETACEOUS
DAKOTA GROUP

PENNSYLVANIAN
MISSOURI SERIES.

Text-figure 1.— Index map showing the distribution of Pennsylvanian

crinoids in Nebraska.
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(Shumard), and he refigured Geinitz's illustration of Delocrinus iiv-

jlexus, which he referred to the same species. Meek also reported

the occurrence of Erisocrinus typus and Eupachycrinus verrucosus

from Nebraska. The horizon from which Meek's specimen was col-

lected is doubtful, but it probably came from the Shawnee Group.

Barbour (1903) reported the occurrence from Nebraska of Bary-

crinus subHcmidus, Ceriocrinus hemisphaericus, Erisocrinus typus,

Eupachycrinus sp., Hydreionocrinus kansasensis, Zeacrinus acantho-

phorous, Zeacrinus mucrospinus, and a species of Pachylocrinus, but

he gave no stratigraphic details. Woodruff (1906) listed the same
species reported by Barbour but figured specimens called Scaphio-

crinus hentisphericus, Erisocrinus typus, and Barycrinus subtumidus.

These specimens were in the collections of the Honorable Charles

H. Morrill. Moore (1939) erected the genus Nebraskacrinus to ac-

commodate a lower Permian form from the Grant Shale in Gage
County. Strimple (1949c) described two cromyocrinids, Ethelo-

crinus iatani and Mooreocrinus Tueadoivensis, from the "latan" and

Meadow Limestones, respectively, which are exposed along the

lower Platte Valley, In popular articles, Graffham (1954) reported

the occurrence of Delocrinus, Ethelocrinus, Endelocrinus, Plaxo-

crinus, and Oklahomacrinus from Virgilian rocks in Queen Hill

Quarry. White (1964) reported Aesiocrinus, Delocrinus, Ethelo-

crinus, Apollocrinus (= Stellarocrinus) , Plaxocrinus, Erisocrinus,

Nebraskacrinus, Allagecrinus, Cibolocrinus, Apographiocrinus, Hae-

retocrinus, Laudonocrinus, Neozeacrinus, Perimestocrinus, and

Utharocrinus from the Pennsylvanian of Nebraska.

Strimple and Priest (1969) described the species Tholiacrinus

decapodos and recorded it from the Snyderville Shale. Stratigraphic

sections of Nebraska quarries made by Burchett and Burchett and

Prichard^ indicate that the Snyderville Shale is unfossiliferous.

Field data indicate that the specimen described by Strimple and

Priest came from the Stull Shale.

Pabian and Strimple (1969) discussed the stratigraphic occur-

rences of Pennsylvanian crinoids in Nebraska and Pabian and

Strimple (1970) indicated that two types of fossil crinoid popula-

tions were found in the Pennsylvanian of Nebraska.

3. Open file, University of Nebraska, Conservation and Survey Division.
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SYSTEMATIC PALEONTOLOGY

Phylum ECHINODERMATA

Subphylum PELMATAZOA

Gass CRINOIDEA

Subclass INADUNATA Wachsmuth and Springer

Order CLADIDA Moore and Laudon, 1943

Suborder POTERIOCRINITINA Jaekel, 1918

Family ERISOCRINIDAE S. A. Miller, 1899

Diagnosis.— See Strimple and Moore, 1971, p. 9.

Genera.— Erisocrinus Meek and Worthen (1865);.'' Proten-

crinus Jaekel (1918); Libratocrinus Knapp (1969); Neoproten~

crinus Knapp (1969); Sinocrinus Tien (1924) (= Stemmato-

crinus); Pont o tocrinus Knapp (1969); Exaetocrinus Strimple and

Watkins (1969); Parerisocrinus Knapp (1969).

Genus ERISOCRINUS Meek and Worthen, 1865

Type species: Erisocrinus typus Meek and Worthen, 1865.

Other species included.— Erisocrinus elevatus Moore and

Plummer, 1940; Erisocrinus propinquus Weller, 1909; Erisocrinus

georgeae Strimple and Watkins, 1969; Erisocrinus longwelli Lane

and Webster 1966; Erisocrinus healdae Pabian and Strimple, new
species.

Diagnosis. — The dorsal cup is truncate, cone-shaped with a

flat or slightly rounded base and little or no basal concavity. TTie



Crinoid studies: Pabian & Strimple 253

outline of the cup is clearly pentagonal whether viewed from the

base or top. There are five small infrabasals that extend beyond the

proximal columnal. Five basals are large and the posterior basal may
be slightly longer than the others. There are five large pentagonal

radials. There may be a single small anal plate that is wedged be-

tween the posterior radials at the inner border in mature specimens

but may enter the cup in juveniles. There are ten biserial arms

composed of wedge-shaped, interlocking segments. The arms divide

evenly from an axillary first primibrachial which is slightly pro-

truded at the distal apex.

Re'rnarks. — Nebraska specimens of Erisocrinus are divisible

into two groups: those with radial plates having an even curvature

and those having radial plates that flare outward. This is the same

division indicated by Strimple and Watkins, 1969 (p. 180).

Range.— Desmoinesian through Virgilian Stages, Pennsylvanian

and Lower Permian. North America.

Erisocrinus elevatus Moore and Plummer, 1940 Text-fig. 2d

Erisocrinus elevatus Moore and Plummer, 1940, pp. 156-157, text-figs. 26, pi.

4, fig. 1; Knapp, 1969, p. 359.

Emended description (emended to Moore and Plummer, 1940).

— The radial articulating facets are moderately wide and fairly well

detailed. The outer marginal ridge is sharp and there is a deep, well-

defined outer-ligamental furrow and wide ligamental pit. The trans-

verse ridge has small, sharp denticles. The oblique ridge is faint

and the muscle areas slope inward to a large, shallow central pit.

The intramuscular notch is wide and the Intramuscular furrow ap-

pears to be absent.

Remarks. — Two damaged specimens, UNSM-79S7 and UNSM-
7962, are assigned to Erisocrinus elevatus. Because of poor preserva-

tion, accurate measurements could not be derived.

Occurrence. — Haskell (Cass) Limestone, Stranger Formation,

Douglas Group, Virgil Series, Pennsylvanian (Location 1, Appen-

dix I). Shoemaker Bridge, north of Nehawka, Nebraska. South Bend

Limestone, Stanton Formation, Lansing Group, Missouri Series

Pennsylvanian. (Loc. 2, App. I) Moore and Plummer (1940) Loca-

tion 181-T-41, Palo Pinto Limestone, Canyon Group, Missouri

Series, Pennsylvanian, Oran, Palo Pinto County, Texas.
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D
Text-figure 2.— A, B, C. Dorsal, posterior, and basal views, respectively,

of reconstruction of dorsal cup of Allosocrinus sp. cf. O. bronaughi Strimple,

based on specimen UNSM-10029, X 3. D. Median cross-section of dorsal cup
of Erisocrinus elcvatus Moore and Plummer, based on hypotypes, UNSM 7957
and UNSM 7962, X 5. E, F. Reconstruction of crovyn and posterior interradius,

respectively, of Syctalocrinus sp., based on specimen UNSM 10030.
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Erisocrinus healdae Pabian and Strimple, new species Pi. 32, figs. 6-8

Description. — This species is described on the basis of a single

medium-high, truncate, bowl-shaped dorsal cup with a flat base and

slightly outflared sides. There are five kite-shaped infrabasals that

extend only a slight distance from the relatively large, concave

columnar scar. The outline of the infrabasal circlet is pentagonal.

The proximal ends of the five-sided, slightly tumid basals form a

part of the flat base. The basals rise sharply upward and their distal

ends slope at an angle of about 75 degrees to the horizontal. One
basal is slightly longer than the others and is thought to be the

posterior basal. There are five pentagonal radials that are about

one and one-half times as wide as long.

Articulating facets are narrow, weakly defined, and slope slight-

ly outward. The outer marginal ridge and transverse ridge surround

a shallow, narrow outer ligamental furrow. The transverse ridge is

faintly denticulate. The ligamental pits are shallow and poorly de-

fined. There is a large, poorly defined oblique ridge. The muscle

areas slope inward to a large, faint central pit that connects almost

directly with a faint intermuscular notch.

The surface of the cup is slightly granular. Sutures are faint

though slightly impressed. The columnar cicatrix is slightly penta-

gonal, concave and nearly as large as the infrabasal circlet. There

are about 30 crenellae and a pentalobate lumen.

Table 1. Measurements (in mm) of Erisocrinus healdae
UNSM
7982

Diameter of dorsal cup (posterior to anterior) 9.1

Diameter of dorsal cup (maximum) 9.5

Height of dorsal cup (anterior) 4.7

Height of dorsal cup (posterior) 4.1

Length of curvature of AB basal 3.3

Width of curvature of AB basal 4.3

Length of curvature of A radial 3.8

Width of curvature of A radial 5.3

Diameter of infrabasal circlet 4.2

Diameter of columnar cicatrix 3.0

Remarks.— This species most closely resembles the Atokan

species Erisocrinus georgeae Strimple. Erisocrinus healdae differs

from E. georgeae by having narrower, lesser detailed radial articu-

lating facets. It seems likely that E. healdae developed from the

lineage represented by E. georgeae.
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Occurrence.— Ervine Creek Limestone, Deer Creek Forma-

tion, Shawnee Group, Virgil Series, Pennsylvanian (Location 3,

Appendix I).

Material studied and repository.— The holotype, UNSM-7982.

Erisocrinus sp. PI. 32, figs. 1-2

Description. — This juvenile specimen is described on the basis

of a small, well-preserved immature crown. The cup is a medium-

rounded bowl with a flat base and is circular in outline when viewed

from above or below. There are five diamond-shaped infrabasals

with well-defined sutures between them. A deep cusp is present at

the distal ends of each suture, giving the infrabasal circlet a strongly-

stellate outline. The distal tips of the infrabasals extend only a short

distance from the relatively large columnar cicatrix. Only the proxi-

mal ends of the five six-sided basals enter into the flat base. The
basals rise sharply from the basal plane to about half the height

of the cup. One basal appears to extend somewhat higher than the

others and is considered to be the posterior basal. There are five

pentagonal radials that rise upward with the same radius of curva-

ture as that of the basals, and which are about one and one-half

times as wide as long.

The axillary first primibrachials are about one and one-half

times as long as wide and each is slightly pointed at the distal apex.

The proximal secundibrachials are trapezoidal and grade upwards

to triangular (biserial) segments by the fifth or sixth secundi-

brachial. There appear to be pinnules.

The crown is smooth, the sutures between plates are variable

in sharpness and impression. There is a round columnar cicatrix

with about 28 crenellae and a pentalobate lumen.

Table 2. Measurements (in mm) of Erisocrinus sp.

UNSM
7969

Length of crown 22.5

Diameter of dorsal cup (posterior to anterior) 6.0

Diameter of dorsal cup (maximum) 6.1

Height of dorsal cup 3.1

Length of curvature of AB basal 2.4

Width of curvature of AB basal 3.5

Lene:th of curvature of A radial 2.4

Width of curvature of A radial 3.6

Diameter of infrabasal circlet (posterior to anterior) 2.5

Diameter of columnar cicatrix 1.5
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Remarks. — Because the arms of mature individuals of this

species may differ markedly from the arms of juvenile specimens it

is not plausible to specifically assign this specimen without

knowledge of the ontogenetic sequence.

Occurrence.— Wolf River Limestone, Topeka Formation, Vir-

gil Series, Pennsylvanian (Location 4, Appendix I).

Figured spechnen. — UNSM-7969.

Genus EXAETOCRINUS Strimple and Watkins

Type species: Stuartzuellercrinus argentinei Strimple, 1949b.

Range.— Missourian and Virgilian stages, Pennsylvanian,

North America.

Remarks.— Exaetocrinus includes "primitive" type erisocrinids

with high, conical cups, that are thought to have regressively

evolved to a stage comparable to their primitive progenitors, (see

Strimple and Watkins, 1969, p. 181), or to represent the basic

lineage.

Exaetocrinus sp. cf. E. lustrum (Strimple) PI. 32, figs. 11-12

Description. — The cup is a high truncate bowl with a planate

or slightly convex base. There are five nearly square infrabasals

that are slightly upflared, and have a cusp between each suture.

The cup rests on a base formed by the infrabasal circlet and the

proximal ends of the six-sided basals. The medial portions of the

basals curve upward sharply and the distal ends slope at an angle

of about 75 degrees to the horizontal. One basal is slightly longer

than the others and is thought to be the posterior basal. There are

five pentagonal radials that are about two-thirds as long as wide

and flare outward near the summit of the cup.

The radial articulating facets are sharply detailed. The outer

marginal ridge is sharp and there is only a deep, narrow outer liga-

mental furrow. The ligamental pit is small but sharply defined. The

transverse ridge is marked by many small, well-defined denticles.

There is a narrow, sharp oblique ridge that marks off a well-defined

but not deep oblique furrow. The muscle areas slope inward to a

deep central pit which is connected to a semicircular intramuscular

notch by a short intramuscular furrow.

The first primibrachials are pentagonal and axillary and are

slightly protruded at the distal apex. The first secundibrachials are
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trapezoidal-shaped elements and all succeeding brachials are biserial.

There are facets for the reception of long, apparently segmented,

pinnules.

The cup is smooth. The columnar cicatrix is slightly protruded.

The proximal stem is round and has a round lumen.

Table 3. Measurements (in mm) of Exaetocrinus sp. cf. E. lustrum

UNSM
7974

Diameter of dorsal cup
(anteroposterior) 18.8

(B-DE interradius) 19.8

Height of dorsal cup
(anterior) 10.9

(posterior) 10.3

Diameter of infrabasal circlet

(anteroposterior) 8.3

Length of curvature of AB basal 7.8

Width of curvature of AB basal 7.1

Length of curvature of A radial 6.7

Width of curvature of A radial 12.7

Diameter of columnar cicatrix 3.0

Occurrence. — Beil Limestone Member, Lecompton Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 5, Appendix

I).

Figured specimen.— UNSM-7974.

Genus LIBRATOCRINUS Knapp, 1969

Type species: Erisocrinus mediator Strimple, 1962.

Other species included.— Erisocrinus term,inalis Strimple,

1962a.

Remarks.— The presence of Libratocrinus, which is typically

Desmoineslan in age, in Missourlan rocks extends its known generic

range zone through the lower part of the upper Missourlan Series.

Libratocrinus mediator (Strimple) PI. 37, figs. 1-3

Erisocrinus mediator Strimple, 1962a, pp. 14-16, pi. 8, figs. 4-7.

Remarks. — The surface of the cup is smooth, except for a wart

or tumor on the C radial. The anal plate is visible in the side view

of the cup, c/. Strimple, 1962a (p. 8) who indicated this plate was

seen only in the side view of juvenile specimens. The radials of the

Nebraska specimen do not demonstrate the tendency to touch the

infrabasals.
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Table 4. Measurements (in mm) of Libratocrinus mediator
UNSM
7941

Diameter of dorsal cup (posterior to anterior) 14.5

Diameter of dorsal cup (B-DE interray) 14.6

Height of dorsal cup 5.9

Diameter of columnar scar 2.7

Diameter of infrabasal circlet (posterior to anterior) 4.2

Length of curvature of AB basal 5.0

Width of curvature of AB basal 5.9

Length of curvature of A radial 4.8

Width of curvature of A radial 9.2

Occurrence.— Meadow Limestone Member, Plattsburg Forma-

tion, Lansing Group, Missouri Series, Pennsylvanian (Location 6,

Appendix I). Oologah Formation Marmaton Group, Desmoines

Series, Pennsylvanian, Garnett Quarry, SW 1/4, Sec. 28, T. 20N.,

R. 14E., and Interstate Highway 44 Locality, NE 1/4, Sec. 5, T.

19N., R. 14E., Tulsa County, Oklahoma.

Material studied. — Hypotype, UNSM-7941, collected by the

late G. E. Condra.

Genus PARERISOCRINUS Knapp, 1969

Type species: Paradelocrinus obovatus Moore and Plummer,

1940.

Other species included.— Erisocrinus erectus Moore and Plum-

mer, 1940.

Diagnosis. — See Knapp, 1969, p. 358, figs. 3, 13.

Remarks. — Parerisocrinus resembles species of both Paradelo-

crinus and Erisocrinus. The former has a deep basal concavity,

whereas the latter has either a shallow concavity or none, and

Parerisocrinus has a medium basal concavity.

Range. — Missourian Stage, Pennsylvanian, Texas, Nebraska.

Parerisocrinus obovatus Moore and Plummer, 1940 PI. 38, figs. 10-11

Paradelocrinus obovatus Moore and Plummer, 1940, pp. 326-328, pi. 15, fig. 9;

pi. 20, fig. 4; text-fig. 66.

Erisocrinus obovatus (Moore and Plummer), Strimple and Watklns, 1969, pp.

180-182.
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Table 5. Measurements (in mm) of Parerisocrinus obovatus

UNSM
7929

Diameter of dorsal cup (posterior to anterior) 18.5

Diameter of dorsal cup (maximum) 18.7

Height of dorsal cup 7.4

Length of curvature of AB-basal 8.6

Width of curvature of AB-basal 8.4

Length of curvature of A radial 6.1

Width of curvature of A radial 11.3

Occurrence.— Gi aford Formation, Canyon Group, Missouri

Series, Palo Pinto County, Texas (Moore and Plummer, 1940).

Westerville Limestone, Kansas City Group, Missouri Series, Pennsyl-

vanian, from P.W.A. Quarry (Location 7, Appendix I).

Material studied.— Hypotype, UNSM-7929.

Parerisocrinus erectus (Moore and Plummer) PI. 32, figs. 3-5

Erisocrinus erectus Moore and Plummer, 1940, pp. 157-158, pi. 4, fig. 3; text-

fig. 26; Strimple and Watkins, 1969, p. 180.

Parerisocrinus erectus (Moore and Plummer), Knapp, 1969, pp. 358, 385.

Emended description (emended to Moore and Plummer, 1940).

—
• Radial articulating facets are flat. Outer marginal ridge and

transverse ridge surround a narrow outer ligamental furrow. There

is a deep ligamental pit. Numerous fine denticles line the transverse

ridge. The oblique ridge is large but not well defined. The muscle

areas slope toward a deep, large central pit which is connected to an

intermuscular notch by a short furrow.

Table 6. Measurements (in mm) of Parerisocrinus erectus

UNSM
7964

Height of dorsal cup
(posterior) 4.5

(anterior) 4.5

Diameter of dorsal cup
(anteroposterior) 10.8

(B-DE interradius) 10.5

Length of curvature of AB basal 3.8

Width of curvature of AB basal 5.0

Length of curvature of A radial 3.9

Width of curvature of A radial 6.8

Diameter of infrabasal circlet (posterior to anterior) 4.6

Diameter of columnar cicatrix 2.0

Remarks.— Parerisocrinus erectus varies from Parerisocrinus

obovatuj by having a more narrow, shallow, but distinct, basal con-

cavity. Parerisocrinus erectus does not have a flat, broad base or

slightly outflared radials such as found in Erisocrinus elevatus.
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Material studied.— Hypotypes, UNSM-7963 and UNSM-7964.
Occurrence.— Haskell (r= Cass) Limestone, Stranger Forma-

tion, Douglas Group, Virgil Series. Pennsylvanian (Location 8,

Appendix I). Toronto (Weeping Water) Limestone, Oread Forma-

tion, Shawnee Group, Virgil Series, Pennsylvanian (Location 9,

Appendix I). Palo Pinto Limestone, Strawn Group, DesMoines

Series, Pennsylvanian (Moore and Plummer, 1940). Location 248-

T-4, Wise County, Texas.

Genus NEOCATACRINUS Knapp, 1969

Type species: Paradelocrinus frotensus Moore and Plummer,

1940.

Diagnosis.— See Knapp, 1969, page 366, text-figure 22.

Neocatacrinus protensus (Moore and Plummer) PL 36, figs. 1-3

Paradelocrinus protensus Moore and Plummer, 1940, pp. 324-326, pi. 16, fig.

6, text-fig. 66.

Erisocrinus protensus (Moore and Plummer), Strimple and Watkins, 1969, p.

182.

Neocatacrinus protensus (Moore and Plummer), Knapp, 1969, p. 366, text-fig.

22.

Emended description (emended to Moore and Plummer, 1940).

— The radial articulating facets are fairly well defined. The outer

marginal ridge is broad but faint; there is a narrow outer ligamental

furrow; the transverse ridge is sharp, has fine denticles, and is

separated in two parts by a deep, well-defined ligamental pit. The
oblique ridge is faint and the muscle areas narrow, sloping gently

inward to a broad central pit that is connected to an intermuscular

notch by a short, wide intermuscular furrow.

Remarks.— Because of its decidedly pentagonal outline, Para^

delocrinus protensus was placed in Erisocrinus, with reservations,

by Strimple and Watkins, 1969, page 182.

Table 7. Measurements (in mm) of Neocatacrinus protensus

UNSM
10027

Height of dorsal cup
(posterior) 5.8

(anterior) 5.4

Diameter of dorsal cup
(anteroposterior) 13.3

(B-DE interradius) 14.0

Length of curvature of AB basal 5.1

Width of curvature of AB basal 5.1

Length of curvature of A radial 5.1

Width of curvature of A radial 7.8

Diameter of infrabasal circlet 3.7
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Occurrence.— Meadow Limestone Member, Plattsburg Forma-

tion, Lansing Group, Missouri Series, Pennsylvanian, exposed in the

old Kiewit Quarry (Location 10, Appendix I). Graford Formation,

Canyon Group, Missouri Series, Pennsylvanian, Lane Camp, Palo

Pinto County, Texas.

Material studied. — A hypotype, UNSM-1(X)27, collected by

the late George Evert Condra.

Family CYMBIOCRINIDAE Strimple and Watkins, 1969

Diagnosis.— See Strimple and Moore 1971, p. 27.

Genera.— Cytnbiocrinus Kirk, 1944; Aesiocrinus Miller and

Gurley, 1890 (syn. Pentadelocrinus Strimple, 1939a); Phialocrinus

Trautschold, 1879 {non Eichwald, 1856); Oklahomacrinus Moore,

1939; Allosocrinus Strimple 1949a; Lecobasicrinus Strimple and

Watkins, 1969.

Occurrence.— Mississippian — Permian, USA, USSR,

Genus ALLOSOCRINUS Strimple, 1949

Type species: Allosocrinus bronaughi Strimple, 1949a, pp. 17-

20, pi. 4, figs. 1-4.

Allosocrinus sp. of. A. bronaughi Strimple, 1949 Text-figs. 2a-c

Description.— The specimen under study is a badly damaged,

partial dorsal cup. The infrabasals are large, nearly rhombic ele-

ments that appear to have entered a broad, shallow concavity. It

appears that the basal plane of the cup is formed by the proximal

portions of the basals. Medially the basals are slightly tumid and

slope upward; the distal ends of the basals slope at about 60 degrees

to the horizontal. The posterior basal is truncated for the reception

of a large, six-sided anal X plate. The radial plates are large, tapered

pentagons. The plates are covered with many closely spaced fine

granules.

The radial articulating facets are narrow; there is a sharp

outer marginal ridge and sloping outer ligamental furrow. The
transverse ridge is sharp. There is a ligamental pit. The narrow

muscle areas slope inward to a central pit which is connected to

a shallow, broad intermuscular notch by a faint furrow.

Remarks. — Because of poor preservation, measurements were

not made.

Occurrence. — UNSM-10029 was collected from the Ervine
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Creek Limestone Member, Deer Creek Formation, Shawnee Group,

Virgil Series, Upper Pennsylvanian, exposed in an abandoned quarry

(Location 3, Appendix I).

Family AMPELOCRINIDAE Kirk, 1942

Subfamily AMPELOCRININAE Kirk, 1942

Genus HALOGETOCRINUS Strimple and Moore, 1971

Type species: Aesiocrinus paucus Strimple, 1951b, p. 22.

Other species included.— Aesiocrinus prudentia Strimple, 1963,

p. 192. Lecobasicrinus subidus Strimple, 1969, p. 192.

Halogetocrinus paucus (Strimple), 1951 PI. 32, figs. 14-15

Aesiocrinus paucus, Strimple, 1951b, pp. 22-23, pi. 5, figs. 1-3.

Halogetocrinus paucus Strimple and Moore, 1971, pp. 29-30; fig. 9, la-c; pi. 1,

fig. 4; pi. 4, fig. 1; pi. 8, fig. 3.

ReTnarks.— The occurrence of Halogetocrinus paucus in

Nebraska suggests that the Bonner Springs Shale may be about

the same age as the Bond Formation of Illinois. The Nebraska

specimen (UNSM-7937) is placed in the species Halogetocrinus

paucus because of its resemblance to the holotype. This species has

been recently redescribed by Strimple and Moore (1971, pp. 29-30,

fig. 9; pi. 1, fig. 4; pi. 4, fig. 1; pi. 8, fig. 3).

Material studied. — Figured hypotype, UNSM-7937.
Occurrence. — Upper 2 feet, Bonner Springs Shale, Kansas

City Group, Missouri Series, Pennsylvanian. Location 6 (Appendix

I). Bond Formation, Missouri Series, Pennsylvanian, Wagner Quar-

ry, Livingston County, Illinois.

Family CATACRINIDAE Knapp, 1969

Genus DELOCRINUS Miller and Gurley, 1890

Type species: Poteriocrinus hemispkericus Shumard, 1858, p.

221.

Delocrinus hemisphericus (Shumard), 1858 PI. 33, figs. 15-17

Poteriocrinus hemisphericus Schumard, 1858, p. 221.

Remarks. — This species is common in Nebraska, especially in

the uppermost Missourian and lowermost Virgilian rocks. Thirteen

specimens, measurements of which are given in Table 8, are in-

cluded in this study. The status of this species is not absolutely

certain. Many described species of Delocrinus may prove to be

synonyms oi D. hemisphericus.
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A large sample of cups and crowns from Oklahoma, Kansas,

and Nebraska may help resolve this problem. These will be the sub-

ject of a subsequent investigation.

Occurrence. — Uypotypes UNSM-7930, UNSM-7931, UNSM-
7932, collected from Raytown Limestone. Location 6 (Appendix I),

lola Formation, UNSM-7933^ collected from Argentine Limestone,

Wyandotte Formation (Location 6, Appendix I), Cass County,

Nebraska; UNSM-7934, UNSM-7935, collected from Bonner Springs,

Shale, (Location 6, Appendix I) Cass County, Nebraska; UNSM-
7960, UNSM-7961, collected from Haskell (Cass) Limestone (Loca-

tion 1, Appendix I); UNSM-796S, UNSM-7966, collected from

Toronto (Weeping Water) Limestone (Location 11, Appendix I).

UNSM-7968, from Toronto (Weeping Water) Limestone, collected

by G. E. Condra (Location 12, Appendix I), SW 1/4; UNSM-7980,
collected by B. W. Johnston from Plattsmouth Limestone, Oread

Formation (Location 13, Appendix I); UNSM-7983, collected from

Ervine Creek Limestone, Deer Creek Formation (Location 14, Ap-
pendix I).

Delocrinus paucinodus Moore and Plummer, 1940 PI. 37, figs. 6-8

Delocfinus paucinodus Moore and Plummer, 1940, pp. 276-278, pi. 13, fig. 2.

Eviended description (emended to Moore and Plummer, 1940).

— The radial articulating facets are poorly defined. The outer

marginal ridge coalesces with the transverse ridge and surrounds a

shallow, poorly defined ligamental pit. There are a few indistinct

denticles. The oblique ridge is poorly defined and the muscle areas

slope inward to a poorly defined central pit that may be composed

of two smaller pits.

Table 9. Measurements (In mm) of Delocrinus paucinodus
UNSM
7971

Diameter of dorsal cup (posterior to anterior) 15.3

Diameter of dorsal cup (maximum) 16.2

Diameter of infrabasal circlet (posterior to anterior) 3.7

Height of cup 4.8

Length of curvature of right anterior basal 5.2

Width of curvature of right anterior basal 5.2

Length of curvature of anterior radial 5.2

Width of curvature of anterior radial 9.3

Length of curvature of anal x 2.7
Width of curvature of anal x 2.8

Diameter of basal concavity (posterior to anterior) 8.3

Height of basal concavity 4.1
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Remarks.— This species is characterized by the faint ridges

at the sutures between the plates and the irregularly scattered,

pimply nodes on otherwise smooth plates.

Material studied.— One dorsal cup, hypotype, UNSM-7971.

Occurrence. — Yellow shale, Palo Pinto Formation, Canyon

Group, Missouri Series, Pennsylvanian; Moore and Plummer

(1940), locality 248-T-4 on the west side of Martins Lake, Wise

County, Texas. Heumader Shale, Oread Formation, exposed at an

abandoned Snyderville Quarry (Location 7, Appendix I).

Delocrinus vulgatus Moore and Plummer, 1940 PI. 35, figs. 10-12

Delocrinus vulgatus Moore and Plummer, 1940, pp. 286-288, pi. 18, figs. 1, 2;
Shimer and Shrock, 1944, p. 173, pi. 6S, fig. 19.

Emended description (emended to Moore and Plwmmer, 1940).

— The large arm-articulating facets occupy the width of the radials.

The outer marginal ridge Is narrow and fairly well defined. There

is a narrow outer ligamental furrow. Denticles are on either side

of the transverse ridge and on the outer ligamental ridge near the

margin of the deep ligamental pit. The faint oblique ridges are

mildly denticulate. The muscle area slopes gently into a large,

shallow central pit that connects to the intermuscular notch by way
of faint intermuscular furrow.

The A and D radials of UNSM-SOOl have short, slightly-pro-

truded, pentagonal primibrachlals attached.

Table 10. Measurements (in mm) of Delocrinus vulgatus

UNSM UNSM
7981 8001

Height of cup
(anterior) 7.5 9.5

(posterior) 9.6 12.9

Width of cup
(anteroposterior) 23.5 26.5

(B-DE interray) 24.7 27.4

Height of basal concavity — —
Length of AB basal 11.3 13.4

Width of AB basal 8.4 10.4

Length of A radial 7.9 9.4

Width of A radial 14.3 16.7

Length of anal plate 6.6 9.0

Width of anal plate 5.1 4.3

Remarks.— Delocrinus vulgatus closely resembles D. hemis-

phericus but has more sharply defined sutures and only slightly
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protruded primibrachials, as opposed to long, spinose prlmibrachlals

of the later species. D. verus has a higher basal concavity than

D. vulgatus. D. missouriensis has a distinct angulation in the basal

plates.

Occurrence. — Saddle Creek Limestone, Harpersville Forma-

tion, Cisco Group, Virgil Series, Pennsylvanian, Young County

Texas. Plattsmouth Limestone Member, Oread Formation, Shawnee

Group, Virgil Series, Pennsylvanian (Location 13, Appendix I)

and (Location 15, Appendix I).

Material studied.— Hypotypes, UNSM-7981 and UNSM-8001.

Delocrinus sp. PI. 33, figs. 6-8

Description. — This specimen is a partial dorsal cup with the

proximal portion of one arm intact. The dorsal cup is low and bowl-

shaped and has a broad, shallow basal concavity. The five infra-

basals slope downward at about 45 degrees and a short section of

stem is attached to the columnal cicatrix. Four pentagonal basals

are preserved. Their proximal portions slope downward at the same

angle as the infrabasals. The basal plane of the cup is situated on

the medial portions of the basals. The basals recurve and their

distal portions slope upward at about 7S degrees. The radials slope

steeply upwards, their medial portions are nearly vertical, and they

curve inward at their summit. The plates of the cup are all smooth.

There is a long, six-sided anal plate situated between the C and D
radials, truncating the CD basal, and having one facet for the recep-

tion of a tube plate.

The radial articulating facets are fairly well defined and cover

the entire upper surface of the radials. The outer marginal ridge

is fairly sharp and borders a nearly flat-lying outer ligamental fur-

row. The transverse ridge is fairly sharp and has some faint denti-

cles. There is a deep ligamental pit. The oblique ridge is poorly

defined. The lower portions of the lateral slopes are fairly flat,

whereas the upper portions are steep and delineate a sharp lateral

ridge. The muscle areas slope inward to a broad, poorly defined

central pit that connects to an intermuscular notch by a short,

fairly well-defined intermuscular furrow. The C ray has a five-sided,

somewhat protruded primibrachial. The secundibrachial is trape-

zoidal and is followed by several biserially arranged tertibrachials.
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Table 11. Measurements (in mm) oi Delocrinus sp.

UNSM
7979

Height of dorsal cup
(anterior) 7.0

(posterior) 6.1

Width of dorsal cup
(anteroposterior) 20.5

Length of AB basal 7.0

Width of AB basal 6.5

Length of A radial 8.1

Width of A radial 12.2

Length of anal plate 5.0

Width of anal plate 3.4

Occurrence.— Ervlne Creek Limestone, Deer Creek Formation,

Shawnee Group, Virgil Series, Pennsylvanian. Location 14 (Ap-

pendix I).

Material studied.— UNSM-7979.

Family DIPHUICRINIDAE Strimple and Knapp, 1969

Genus GRAFFHAMICRINUS Strimple, 1961

Type species: Grajjhamicrinus acutus Strimple, 1961, pp. 123-

124.

Other species included.— Delocrinus granulosus, Moore and

Plummer, 1940; D. wolforum, Moore and Plummer, 1940; D. bi-

spinosus, Moore and Plummer, 1940; D. bullatus Moore and Plum-

mer, 1940; D. nodosarius Moore and Plummer, 1940; D. aristatus

Strimple, 1949c; D. armattira Strimple, 1949c; D. subcoronatus

Moore and Plummer, 1940; D. granulosus var. monilijormis Moore

and Plummer, 1940; D. waughi Moore and Strimple, 1941; D. stul-

lensis Strimple, 1947; D. magnijicus Strimple, 1947; D. papulosus

Moore and Plummer, 1940; D. pictus Moore and Plummer, 1940;

D. granulosus var. zonatus Moore and Plummer, 1940; D. graphicus

Moore and Plummer, 1940; Cyathocrinus somersi Whitfield, 1882;

Graffha^iicrinus tulsaensis Strimple, 1962; G. variabilis Strimple,

1962a.

Diagnosis. — The cup is a low, truncate bowl with a deep basal

concavity. There are five down-flared infrabasals, five recurved

basals, and five radials, the proximal tips of which are visible and

above the basal plane. One anal plate is in the cup. The primi-

brachials are spinose and the ten arms are biserial above the second

secundibrach.

Remarks. — Strimple (1961, p. 123) erected this genus to ac-

commodate erisocrinids with deeply invaginated bowl-shaped dorsal
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cups and ten biserial arms. The primibrachs were mildly protruded

or spinelike but not as long as in Delocrinus subhemisphericus. All

cups are ornamented in the form of ".
. . pustules, nodes, tubercles,

ridges, or strong granules, or any combination of any of these

features. .
." (Strimple, 1961, pp. 123-124).

Range.— Pennsylvanian (Desmoinesian to Virgilian), Lower

Permian (Big Blue). North America.

Graffhamicrinus tetraspinosus Pabian and Strimple, new species
PI. 34, figs. 8-11; PI. 35, figs. 8-9

Description. — This species is based on a large weathered crown

and large weathered dorsal cup. The dorsal cup has steep sides and

a pronounced basal concavity. The five infrabasals are kite-shaped

and are separated by sutures that form a relatively deep cusp at

the junction between the adjacent infrabasals and basal plates. Five

long basals form the sides of the basal concavity, and they curve

sharply out of the concavity so that about their middle third makes

up the base and their distal third makes up the lower part of the

outer wall of the cup. The CD basal is truncated for the reception

of the anal plate. There are five large, pentagonal radials that are

about twice as wide as long; they curve abruptly inward near the

summit of the cup and each has a pair of large nodes in the upper

corners. The C and D radials are separated by a large, six-sided anal

plate that curves sharply inward and has a deep facet for reception

of a tube plate. The holotype has a tube plate in place. The plates

have fine nodes which grade into long, fine ridges from summit to

base of each plate. Sutures between plates are well defined but not

deeply impressed.

The outer-marginal ridge is faint. There is a broad, shallow

outer ligamental furrow. The outer ligamental ridge is faint but

has well-developed denticles near a deep, centrally located liga-

mental pit. The transverse ridge occupies nearly the entire width

of the radial articulating facet and is bordered by many fine, sharp

denticles. The short oblique ridges are denticulate. The lateral ridge

is sharp and borders a large muscle area that slopes inward to a

nearly square central pit that is connected to the intermuscular

notch by a deep short intermuscular furrow.

The five first primibrachs are low, axillary elements with

spinose sides. All are about the same size. The first secundibrach
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is a large, quadrangular plate and the succeeding segments are bi-

serial. The arms are constricted to about the eighth secundibrach

segment, after which there is a notable widening. The first primi-

brach and first secundibrach are covered with small nodes. The

small nodes thin out beginning with the second secundibrach hence

the central portions of the lower arms are smooth and the outer

portions are nodose. By the fifth secundibrach the nodes are found

only on the outer edges of the arms and the arms are smooth by

the tenth secundibrach. The proximal column has an indeterminate

number of crenellae and a round lumen. Sutures between plates are

well defined but not deeply impressed.

Table 12. Measurements (in mm)* of Graffharnicrinus tetraspinosus

Overall length of crown
Height of dorsal cup

(anterior)

(posterior)

Width of dorsal cup
(anteroposterior)

(B-DE radial)

Length of curvature of AB basal

Width of curvature of AB basal

Length of curvature of A radial

Width of curvature of A radial

Length of anal X
Width of anal X
Diameter of proximal columnal
*A11 measurements linear.

Remarks. — Comparisons of the numerous other species of

Grajjhamicrinus are given by Strimple (1961, pp. 126-127). Grajj-

hamvicrinus tetraspinosus most closely resembles G. bispinosus

(Moore and Plummer), differing from it by having four nodes at

the sutures between the radials instead of only two.

Occurrence. — Curzon Limestone, Shawnee Group, Virgil Series,

Upper Pennsylvanian. (Location 16, Appendix I).

Material studied and repository. — Holotype, UNSM-8C)68;

paratype, UNSM-10022.

Graffharnicrinus sp. of. G. magnificus (Strimple), 1947 PI. 33, figs. 9-11

Delocr'inus magnificus Strimple, 1947, pp. 3-5, pi. 1, figs. 1-4; pi. 2, fig. 1.

Remarks.— Only the distal end of the anal plate is visible

in the side view of the cup and the C and D radials are in contact

Holotype
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on the outer side. The tendency of Grajjhamicrinus toward ehm-

inating the anal X plate is shown here. This tendency was demon-

strated for Delocrinus subhemisphericus Moore and Plummer

[=: D. hemisphericus (Shumard)] by Strimple (1949b, pp. 123-

124, pi. 4, figs. 8-15). The specimen at hand is comparable to the

"Extreme Type" in which the anal X is retained only as a rudi-

mentary element.

Occurrence. — Beil Limestone, Lecompton Formation, Shawnee

Group, Virgil Series Pennsylvanian (Location 17, Appendix I),

Material studied and repository. — Hypotype, UNSM-7975, col-

lected by B. F. Rowell.

Graffhamicrinus subcoronatus (Moore and Plummer) PI. 37, figs. 9-11

Delocrinus subcoronatus Moore and Plummer, 19+0, pp. 280-282, pi. 17, fig. 1.

Table 13. Measurements (in ram) of Graffhamicrinus subcoronatus

Height of dorsal cup
(anterior)

(posterior)

Width of dorsal cup
(anterior)

(posterior)

Height of basal concavity

Length of AB basal

Width of AB basal

Length of A radial

Width of A radial

Length of anal plate

Width of anal plate

Occurrence.— South Bend Limestone Member, Stanton Forma-

tion, Lansing Group, Missouri Series, Pennsylvanian (Location 18,

Appendix I). Toronto (Weeping Water) Limestone, Oread Forma-

tion, Shawnee Group, Virgil Series, Pennsylvanian (Location 11,

Appendix I).

Material studied.— Hypotypes, UNSM-7956, UNSM-7965.

Graffhamicrinus graphicus (Moore and Plummer) PI. 33, figs. 1-3

Delocrinus graphicus Moore and Plummer, 1940, pp. 273-274, pi. 12, figs. 4, 11;
Shimer and Shrock, 1944, p. 173, pi. 65, fig. 16.

Table 14. Measurements (in mm) of Graffhamicrinus graphicus
UNSM
8002

Height of dorsal cup
(anterior) 9.0

(posterior) 10.2

UNSM
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Width of dorsal cup
(anteroposterior) 24.0

(B-DE interray) 24.8

Height of basal concavity 4.2

Length of AB basal 11.9

Width of AB basal 10.2

Length of A radial 8.7

Width of A radial 15.3

Length of anal plate 7.3

Width of anal plate 3.7

Occurrence.— Plattsmouth Limestone Member, Oread Forma-

tion, Shawnee Group, Virgil Series, Pennsylvanian (Location 15,

Appendix I).

Material studied.— Hypotype, UNSM-8002.

Graffhamicrinus stullensis (Strimple), 1947 Pi. 33, figs. 4-5

Delocrinus stullensis Strimple, 1947, pp. 5-6, pi. 2, figs. 4-6.

Table 15. Measurements (in mm) of Graffhamicrinus stullensis

Height of dorsal cup
(anterior)

(posterior)

(at C radial)

(at D radial)

(at E radial)

Width of dorsal cup
(anteroposterior)

(B-DE interray)

Height of basal concavity
Length of AB basal

Width of AB basal

Length of A radial

Width of A radial

Length of anal plate

Width of anal plate

Remarks.— Hypotype, UNSM-7990, collected by Charles Mes-

senger, is a disfigured individual; the C radial of the cup is low,

whereas the D radial is high, and the E radial the highest.

Occurrence. — Hypotype UNSM-7990, Soldier Creek Lime-

stone, Wabaunsee Group, Virgil Series, Pennsylvanian (Location 19,

Appendix 1). Hypotype, UNSM-4610, Ervine Creek Limestone,

Shawnee Group, Virgil Series, Pennsylvanian (Location 12, Ap-

pendix I).

Genus ARRECTOCRINUS Knapp, 1969

Type species: Delocrinus abruptus Moore and Plummer, 1940,

pp. 289-292, pi. 18, figs. 3-4, text-fig. 59.

UNSM
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Other species included.— Arrectocrinus commimUus Pabian

and Strimple, new species.

Remarks. — The generic range zone of Arrectocrinus is lowered

to the Curzon Limestone Member, Topeka Formation, Upper
Pennsylvanian. A. convminutus, new species is the earhest known
representative of this genus.

Arrectocrinus comminutus Pabian and Strimple, new species
PI. 38, figs. 12-15

Description. — This species is based on a single large, medium-

truncate cone-shaped dorsal cup with a very fine, granular surface.

There is a shallow but well-pronounced basal concavity with a sharp

stem impression. The five infrabasals slope downward at about 45

degrees. The proximal portions of the five large pentagonal basals

then curve sharply upward and their distal portions slope at about

75 degrees to the horizontal. The proximal tips of the five penta-

gonal radials slope at about 75 degrees to the horizontal and their

medial portions are slightly tumid. The radials curve sharply inward

near their summit. The C and D radials are separated by a large,

hexagonal anal plate which bears a large facet and truncates the

distal extremity of the CD basal.

The detailed radial articulating facets are nearly level. There

is a sharp outer marginal ridge that borders a shallow, well-defined

outer ligamental furrow which is separated by a deep ligamental pit.

There is a prominent denticulate transverse ridge. The oblique ridge

is short and denticulate. The adsutural slope is gentle and there is a

low lateral ridge. The muscle areas slope inward to a broad, shallow

central pit that connects to a deep intermuscular notch by way of

a thin intermuscular furrow.

Table 16. Measurements (in mm) of Arrectocrinus comminutus
UNSM
7986

Height of dorsal cup
(anterior) 12.4

(posterior) 15.0

Width of dorsal cup
(anteroposterior) 29.8

^
(B-DE interradius) 30.5

Height of basal concavity 5.4
Length of AB basal 15.5

Width of AB basal 14.6
Length of A radial 10.4
Width of A radial 18.5
Length of anal plate 7.0

Width of anal plate 5.7
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Remarks.— Arrectocrinus comminutus most closely resembles

the lower Permian species Arrectocrinus abruptus (Moore and

Plummer). A. co-mminutus has fine, granular ornamentation on the

outer surface, whereas A. abruptus has a smooth surface.

Occurrence.— Curzon Limestone Member, Topeka Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 16, Ap-

pendix I).

Material studied.— Holotype, UNSM-7986.

Genus PYNDAXOCRINUS Knapp, 1969

Type species: Delocrinus separatus Strimple, 1949a.

Other species included. — Pyndaxocrinus gerdesi, n. sp.

Diagnosis. — (After Knapp, 1969, p. 365, text fig. 3). The base

is flat or shallow and the infrabasals are subhorizontal. The arms

are unknown.

Remarks.— Pyndaxocrinus was erected to include flat based

delocrinids in which the anal X plate is entirely visible in the

posterior view of the cup.

Range. — Virgil Series, Pennsylvanian, mid-Continent region,

North America,

Pyndaxocrinus gerdesi Pabian and Strimple, new species
PI. 35, figs. 5-7; PI. 36, fig. 6

Description. — This species is based on a single large truncated

bowl-shaped cup with steep sides and flat base. The infrabasal

circlet is slightly larger than the proximal column and is composed of

five kite-shaped plates, and there is a sharp cusp at the distal ends

of the sutures between them. The center of the infrabasal circlet is

sharply depressed and is slightly larger than the proximal columnal

which is intact. There are five large basals, the proximal third of

each forming a large, flat base that is about three-fourths the maxi-

mum diameter of the cup. The basals curve sharply upward and ex-

tend upward about one-half the height of the cup. The posterior

basal is elongate and truncated for reception of anal X. The anal

X is a six-sided plate. The sutures between anal X and the C and

D radials are gently undulating. The five large radials are penta-

gonal and about two-thirds as long as wide.

The radial articulating facets have prominent outer marginal

ridges and transverse ridges, between which there is a deep liga-
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mental pit amounting to about one-third the length of the radial

width. There are many fine denticles along the transverse ridge.

Large, flat muscle areas slope toward the center of the facet to a

large central pit. There is a short, intermuscular furrow leading to

a deep, well-defined intermuscular notch. The proximal columnal

has about 33 crenellae and a small, pentalobate lumen. The sutures

on the basal plane are sharp but not impressed, and they become

faint toward the distal ends of the basals and are almost indistinct

between the radials. The surface of the cup is covered by many fine

granules.

Table 17. Measurements (in mm) of Pyndaxocrinus gerdesi

UNSM
7987

Height of dorsal cup
(anterior) 12.1

(posterior) 13.5

Width of dorsal cup
(anteroposterior) 25.1

(B-DE radial) 26.8

Length of curvature of AB basal 13.5

Width of curvature of AB basal 13.0

Length of curvature of A radial 8.8

Width of curvature of A radial 16.1

Diameter of infrabasal circlet (posterior to anterior) 7.2

Diameter of proximal columnal 3.8

Height of basal concavity 0.0

Length of anal plate 7.6

Width of anal plate 4.7

Remarks.— Pyndaxocrinus gerdesi appears to have developed

from P. separatus (Strimple) by deepening the dorsal cup. P. ger-

desi has well-developed radial articulating facets, whereas these

features are poorly developed in P. separatus. P. gerdesi has no

basal concavity, whereas P. separatus has a small concavity.

Occurrence.— Curzon Limestone, Topeka Formation, Shawnee

Group, Virgil Series, Upper Pennsylvanian (Location 16, Appendix

I).

Material studied.— Holotype, UNSM-7987.

Family APOGRAPHIOCRINIDAE Moore and Laudon, 1943

Genus APOGRAPHIOCRINUS Moore and Plummer, 1940

Type species: Apographiocrirms typicalis Moore and Plummer,

1940, pp. 118-123, plate 3, figs. 4, 5, text-figs. 14-16.

Other species included.— Apographiocrinus calycirms Moore
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and Plummer, 1940; A. decoratus Moore and Plummer, 1940; A.

facetus Moore and Plummer, 1940; A. wolfciwipensis Moore and

Plummer, 1940; A. rotundus Strimple, 1948; A. obtusus Strimple,

1948; A. quietus Strimple, 1948; A. angulatus, Strimple, 1948; A.

arcuatus Strimple, 1949; Grapkiocrinus carbonarius Meek and

Worthen, 1861.

Diagnosis.— The dorsal cup is low, bowl-shaped, and has

gently tumid plates separated by impressed sutures. The base is flat

or shallowly concave, and infrabasals are down-flared or subhori-

zontal. There is a single anal plate with two facets.

Apographiocrinus calycinus Moore and Plummer PI. 38, figs. 6-8

Apographiocrinus calycinus Moore and Plummer, 1940, pp. 128-129, pi. 3, fig.

7, text-fig. 16.

Table 18. Measurements (in mm) of Apographiocrinus calycinus

UNSM
7936

Height of dorsal cup
(anterior) 2.0

(posterior) 2.9

Width of basal cup
(anteroposterior) 7.6

(B-DE interray) 7.6

Height of basal concavity

Length of AB basal 2.3

Width of AB basal 2.3

Length of A radial 2.3

Width of A radial 4.8

Length of anal plate 2.2

Width of anal plate 2.1

Remarks.— The specimen at hand is not so finely ornamented

as the holotype of Apographiocrinus calycinus. The Nebraska cup

is low and the basal concavity shallow, in which respects it re-

sembles the holotype.

Occurrence.— Graford Formation, Canyon Group, Missouri

Series, Pennsylvanian, Kyle Mountain, Palo Pinto County, Texas.

Hypotype, UNSM-7936, Bonner Springs Shale, Kansas City Group,

Missouri Series, Pennsylvanian (Location 20, Appendix I).

Material studied.— Hypotype, UNSM-7936.

Apographiocrinus virgilicus Pabian and Strimple, new species
PI. 38, figs. 3-5

Description. — This species is described from a basally im-

pressed, medium bowl-shaped dorsal cup. There is a distinctly im-

pressed, pentagonal infrabasal disk. The columnar cicatrix is round.

The proximal portions of the five infrabasals are nearly level and the

distal portions slope downward at about 45 degrees. Only the most
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proximal portions of the five tumid, pentagonal basals are included

in the basal concavity. The basals recurve upwards in such a fashion

that most of their proximal ends make up the basal plane of the

cup. The basals rise upward at about 45 degrees about half way
up the side of the cup. The five pentagonal radials are tumid and

slope upward at about 45 degrees, the slope steepening near the

summit of the cup and the distal ends of the radials curving inward.

The C and D radials are separated by a large anal plate, the lower

end of which truncates the CD basal. The anal plate has two facets

for the reception of tube plates. The dorsal outline of the cup is

distinctly but not strongly scalloped.

The radial articulating facets are wide, slope inward, and are

separated by prominent prongs. There are some granules near the

outer marginal ridge. The outer ligamental furrow is wide and there

is a deep, well-defined ligamental pit. The transverse ridges are

broad. The muscle areas slope inward to a deep central pit that

connects to a broad intermuscular notch by way of a faint furrow.

Table 19. Measurements (in mm) of Apographiocrinus virgilicus

UNSM
7978

Height of dorsal cup
(anterior) 3.4

(posterior) 4.8

Width of dorsal cup
(anteroposterior) 8.9

(B-DE interradius) 9.3

Length of AB basal 3.1

Width of AB basal 3.1

Length of A radial 3.4

Width of A radial 5.6

Length of anal pla^e 3.0

Width of anal plate 2.7

Remarks.— Apogra-phiocrinus virgilicus most closely resembles

A. wolfcampensis from the Permian of Texas and A. typicalis from

the Missourian of mid-continent North America. It differs from

the former by having some ornamentation near the summit of the

radials and from the latter by having a relatively deeper dorsal cup.

It is possible that A. virgilicus is an intermediate species between

A. typicalis and A. wolfcampensis.

Occurrence. — Ervine Creek Limestone, Deer Creek Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 3, Appendix

I).

Material studied.— The holotype, UNSM-7978.
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Family PARADELOCRINIDAE Knapp, 1969

Diagnosis. — The dorsal cup has a concave base. There are five

down-flared infrabasals. The basals are small and visible in side view

of the cup. The anal plate may be in the cup or absent. There are

ten arms which are uniserial in the lower portions and biserial above.

Genera. — Paradelocrinus Moore and Plummer, 1938; Endelo-

criniis Moore and Plummer, 1940; Tholiacrinus Strimple, 1962.

Remarks. — The placing of Endelocrinus in this family by

Strimple requires that Knapp's original diagnosis be emended to

include those forms with an anal plate visible on the side of the

cup and with uniserial arms that may grade upward into biserial

arms. Pontotocnnus Knapp, 1969, is thought to belong to the family

Erisocrinidae contrary to Knapp's assignment.

Rayige. — Morrowan through Virgilian Stages, Pennsylvanian.

North America.

Genus ENDELOCRINUS Moore and Plummer, 1940

Type species: Eupachycrinus fayettensis Worthen, 1873.

Diagnosis. — The cup is bowl-shaped with down-flared infra-

basals. The basal plates are tumid to bulbous. The anal plate is

followed by a single tube plate. The primibrachials are somewhat

protruded and arms are uniserial grading upward to biserial.

Endelocrinus tumidus (Strimple), 1939 PI. 32, figs. 9-10

Delocrinus tumidus Strimple, 1939, pp. 8-9, pi. 2, figs. 6-7; 1950, pp. 112-113;

1971, p. 14, pi. 2, fig. 2.

Endelocrinus par<vus Moore, 1940, pp. 303-306, pi. 14, figs. 1-2; text-fig. 63;

Shimer and Shrock, 1944, p. 173, pi. 65, fig. 1.

Tholiacrinus tumidus (Strimple), Knapp, 1969, p. 367.

Tholiacrinus Parvus (Moore), Knapp, 1969, p. 367.

Table 20. Measurements (in mm) of Endelocrinus tumidus
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Occurrence. — UNSM-7959, Cass (Haskell) Limestone, Stran-

ger Formation, Douglas Group, Virgil Series, Pennsylvanian (Loca-

tion 21, Appendix I). UNSM-7984 and 7985, Curzon Limestone

Member, Topeka Formation, Shawnee Group, Virgil Series, Pennsyl-

vanian (Location 16, Appendix I). UNSM-7989, Church Member,

Howard Limestone Formation, Wabaunsee Group, Pennsylvanian

(Location 22, Appendix I). Wann Formation, Ochelata Group, Mis-

souri Series, Pennsylvanian, exposed at "The Mound," west of

Bartlesville, Oklahoma. LaSalle Limestone Member, Bond Forma-

tion, Mac Leansboro Group, Missouri Series, near Pontiac, Living-

ston County, Illinois. Mineral Wells Formation, Canyon Group, Mis-

souri Series, Pennsylvanian, Moore and Plummer locations 25-T-5,

Brown County, Texas, and 1 19-T-29, Jack County, Texas. Winterest

Limestone, Dennis Formation, Kansas City Group, Coffeyville,

Kansas, and Stanton Formation, Lansing Group, Missouri Series,

Wayside, Kansas.

Endelocrinus tumidus spinosus Strimple PI. 37, figs. 4-5

Delocrinus tumidus Strimple, 1939, pp. 10-11, pi. 2, figs. 4-5.

Endelocrinus tumidus spinosus Strimple, 1950, p. 112; 1971, pp. 14-15, pi. 3,

fig. 7.

Table 21. Measurements (in mm) of Endelocrinus tumidus spinosus Strimple

UNSM
7935

Height of dorsal cup
(anterior) 5.5

(posterior) 5.6

Width of dorsal cup
(anteroposterior) 11.5

(B-DE interradius) 12.9

Height of basal concavity 2.2

Length of AB basal 6.4

Width of AB basal 5.4

Length of A radial 4.8

Width of A radial 7.7

Length of anal plate 3.2

Width of anal plate 3.1

Occurrence.— Bonner Springs Shale Kansas City Group, Mis-

souri Series, Pennsylvanian (Location 6, Appendix I).

Material studied.— Hypotype UNSM-7935.

Endelocrinus cf. allegheniensis (Burke) PI. 34, figs. 12-14

Delocrinus allegheniensis Burke, 1932, pp. 89-93, pi. 3, figs. 1-5.

Endelocrinus allegheniensis (Burke), Moore and Plummer, 1940, pp. 254, 257,

fig. 63c.
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Description.— This species is represented by a dorsal cup with

a broad, moderate basal concavity and tumid plates. The five infra-

basals are small and steeply down-flared; all but their distal ex-

tremities are covered by the round columnar cicatrix. Outline of

the infrabasal disk is substellate. Proximal ends of the five basals

are gently down-flared to produce the broad concavity. The basal

plane of the cup is comprised of the medial portions of the five

basals. Distal ends of the basals are nearly vertical. The CD basal

is truncated for the reception of the anal plate. Proximal tips of the

five pentagonal radials extend to the basal plane, with medial por-

tions bulbous, giving the cirp an inflated outline. The radials curve

sharply inward near their summit. The C and D radials are sepa-

rated by a long, narrow anal plate. With the exception of the bulbous

plates, the cup is unornamented.

The radial articulating facets are broad and occupy the entire

width of the radials. The outer marginal ridge and transverse ridge

are broad and wide. The outer ligamental furrow is shallow but the

ligamental pit is deep. There are only a few fine denticles on the

transverse ridge. The oblique ridge is short and faint. The lateral

slope rises at about 45 degrees, and there is a broad lateral ridge. The

muscle areas slope inward to a broad central pit that is connected

to an intramuscular notch by way of a short, narrow intramuscular

furrow.

Table 22. Measurements (in mm) of Endelocrinus cf. E. allcgheniensis

UNSM
10024

Height of dorsal cup
(anterior) ''•"

(posterior) *•*

Width of dorsal cup
(anteroposterior) 12.6

(B DE interray) 13-4

Height of basal concavity 2.3

Length of AB basal 5.6

Width of AB basal 4.9

Length of A radial 5.2

Width of A radial 8.0

Length of anal plate 2.9

Width of anal plate ^-^

Occurrence.— Ervine Creek Limestone, Deer Creek Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 16, Ap-

pendix I).
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Material studied. — Figured specimen, hypotype UNSM-10024.

Family PIRASOCRINIDAE Moore and Laudon, 1943

Diagnosis. — The crown is compact having a low, dicyclic cup

with a flat, concave, or slightly convex base. The arm-articulating

facets are wide, slope outward and have a distinct transverse ridge,

muscle, and ligamental areas. There are three anals in the cup and

the sac is prominent and mushroom-shaped. The arms are uniserial,

branching isotomously two or more times.

Genus BATHRONOCRINUS Strimple, 1962

Bathronocrinus Strimple, 1962, p. 37.

Hypermorphocrinus Arendt, 1968, pp. 529-530, fig. 1.

Type species: Bathronocrinus turioformis Strimple, 1962a, p.

38, pi. 1, figs. 15-18.

Other species included.— Hypermorphocrinus magnospinosus

Arendt, 1968, pp. 529-530, pi. 1. Hydreionocrinus deweyensis Strim-

ple, 1939a, pp. 374-375, pi. 2, figs. 13-17. Bathronocrinus zvolf-

riverensis Pabian and Strimple, new species.

Bathronocrinus wolfrlverensis Pabian and Strimple, new species
PI. 35, figs. lA

Description. — This species is based on a single, flat cone-

shaped dorsal cup. The infrabasal circlet is made up of five small

plates that slope upward to about 20 degrees starting at the margin

of the large columnar cicatrix. The five medium-sized basals flare up-

ward at about the same angle as the infrabasals. The EA, AB, and BC
basals are pentagonal whereas the CD and DE basals are hexa-

gonal in order to accommodate the radianal and anal plates. The
radianal is in contact with the CD and DE basals below and the

D radial, the anal, and right tube plates above. The anal plate is

in contact with the CD basal, radianal, and C radial below and

the right tube plate above. The five radials slope upward at about

the same angle as the basals and are slightly tumid in their medial

portions.

The radial articulating facets slope outward at about 45 de-

grees. The outer marginal ridge is below the outer distal ends of

the radials and not visible from the top view of the cup. The outer

ligamental furrow is narrow and shallow and there is a ligamental

pit. The lateral furrows are indistinct and the muscle areas slope

outward. There is a faint, but large, intramuscular notch.
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The columnar cicatrix has about 38 crenellae and a round

lumen.

Table 23. Measurements (in mm) of Bathronocrinus luolfrivercnsis

UNSM
7972

Height of dorsal cup
(anterior) 8.3

(posterior) 10.0

Width of dorsal cup
(anteroposterior) 19.5

(B-DE interradius) 21.5

Length of AB basal 6.2

Width of AB basal 6.2

Length of A radial 5.5

Width of A radial 11.5

Length of radianal 5.4

Width of radianal 3.1

Length of anal plate 5.3

Width of anal plate 3.6

Remarks. — Bathronocrinus woljriverensis does not have the

deep notches between the radials as does B. tttriojormis, and the

radial facets of the former slope outward much more steeply. B.

tnagnospinosus has a flat or somewhat concave base.

Occurrence.— Wolf River Limestone, Topeka Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 4, Ap-

pendix I).

Material studied. — Ihe holotype, UNSM-7972.

Genus PLAXOCRINUS Moore and Plummer, 1938

Type species: Hydreionocrinus crassidiscus Miller and Gurley.

Other species included.— HydreionocrinAis kansasensis Weller;

Zeacrinus discus Meek and Worthen; Eupachycrinus sanctoludovici

Worthen; Plaxocrinus perundatus Moore; P. aplatus Moore and

Plummer; P. lobatus Moore and Plummer; P. tnodestus Moore; P.

omphaloides Moore and Plummer; P. orthodoxus Moore; P. parilis

Moore and Plummer; P. praevalens Moore; P. strigosus Moore and

Plummer; P. virginarius Moore; P. gloukosensis Strimple; P. laxus

Strimple; P. oeconomicus Strimple; P. dornickensis Strimple; P.

tumulosus Strimple; P. normalis Strimple; P. octanus Strimple;

Hydreionocrinus uddeni Weller.

Diagnosis.— The dorsal cup is round, has broad, interradial

notches and a shallow basal concavity. The infrabasals and proximal

part of the basals are slightly down flared. The dorsal cup rests on

the medial portions of the basals and the distal portions flare up-
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ward and are readily visible in the side view of the cup. Radials are

wide and slightly tumid and their proximal tips are included in the

basal plane of the cup. The posterior interradius is narrow, the RA
is in direct posterior position, and the anal plate is directly above

it. The radial articulating facets slope slightly outward.

Plaxocrinus parilis Moore and Plummer Pi. 34, figs. 1-4

Plaxocrinus parilis Moore and Plummer, 1940, pp. 199-202, pi. 9, figs. 5-6,

text-fig. 39; Shimer and Shrock, 1944, p. 163, pi. 63, fig. 5.

Vertigocrinus parilis (Moore and Plummer), Knapp, 1969, p. 378.

Table 24. Measurements (in mm) of Plaxocrinus parilts

Height of dorsal cup
(anterior)

(posterior)

Width of dorsal cup
(anteroposterior)

(B-DE interradius)

Length of AB basal

Width of AB basal

Length of A radial

Width of A radial

Length of radianal
Width of radianal
Length of anal plate

Width of anal plate

Occurrence. — Hypotype 7940, Spring Hill Limestone Member,
Plattsburg Formation, Lansing Group, Missouri Series, Pennsyl-

vanian (Location 6, Appendix I). Hypotype, UNSM-10023, Winter-

set Limestone, Dennis Formation, Kansas City Group, Missouri

Series, Pennsylvanian (Location 23, Appendix I). Graford Forma-

tion, Canyon Group, Missouri Series, Pennsylvanian, Moore and

Plummer (1940) location 119-T-29, Jack County, Texas. Argentine

Limestone Member, Wyandotte Formation, Kansas City Group,

Pennsylvanian, Moore and Plummer (1940) location 6032, Wyan-
dotte County, Kansas.

Plaxocrinus gloukosensis Strimple PI. 36, figs. 4-5

Plaxocrinus gloukosensis Strimple, 1951, pp. 374-375, pi. 57, figs. 1-6.

Vertigocrinus gloukosensis (Strimple), Knapp, 1969, p. 378.

Table 25. Measurements (in mm) of Plaxocrinus gloukosensis

USNM
7938

Height of dorsal cup
(posterior) —
(anterior) 7.1

UNSM
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Width of dorsal cup
(anteroposterior) 22.5

(B-DE interradius) 24.5

Length of AB basal 6.4

Width of AB basal 6.0

Length of A radial 7.2

Width of A radial 13.4

Length of radianal 6.4

Width of radianal 4.0

Occurrence.— Merriam Limestone Member, Plattsburg Forma-

tion, Lansing Group, Missouri Series, Pennsylvanian (Location 6,

Appendix I). Cass (Haskell) Limestone, Douglas Group, Virgil

Series, Pennsylvanian, Homewood, Kansas.

Material studied.— Hypotype UNSM-7938.

Genus SCIADIOCRINUS Moore and Plummer

Type species: Hydreionocrinus acanthophorus Meek and

Worthen, 1870.

Other species inchided.— Sciadiocrinus crassacanthus Moore

and Plummer, 1938, pp. 276-277, text-fig. 24; S. disculus Moore

and Plummer, 1940; S. harrisae Moore and Plummer, 1940; Plaxo-

crinus obesus Moore and Plummer, 1940; Eupachycrinus platybasis

White, 1876; Schistocrinus confertus Moore and Plummer, 1940;

S. planatus Moore and Plummer, 1940; S. parvus Moore and Plum-

mer, 1940; Sciadiocrinus llanoensis Strimple and Watkins, 1969;

Pirasocrinus invaginatus Strimple, 1951c; Sciadiocrinus humilis

Strimple, 1951.

Diagnosis.— The dorsal cup is flat with a deep, broad basal

concavity which includes the proximal tips of the radials. The

radials are bulging and the arm-articulating facets slope steeply

outward.

Sciadiocrinus humilis Strimple PI. 35, figs. 13-15

Sciadiocrinus humilis Strimple, 1951a, p. 373, pi. 53, figs. 11-14; Knapp, 1969,

p. 378.

Table 26. Measurements (in mm) of Sciadiocrinus humilis

UNSM
10026

Height of dorsal cup
(anterior) 6.2

(posterior) 6.9

Width of Dorsal cup
(anteroposterior) 17.7

(B-DE interradius) 20.0

Height of basal concavity 4.0
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Length of AB basal 5.4

Width of AB basal 4.7

Length of A radial 5.6

Width of A radial 11.5

Length of radianal 5.8

Width of radianal 2.4

Length of anal plate 2.7

Width of anal plate 0.9

Occurrence. — Beil Limestone Member, Lecompton Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 16, Appen-

dix I).

Material studied.— Hypotype, UNSM-10026.

Genus ATHLOCRINUS Moore and Plummer

Type species: Athlocrinus placidus Moore and Plummer, 1940,

pp. 169-170.

Other species included. — Athlocrinus nitidus Moore and

Plummer, 1940; Athlocrinus clypeiformis Moore and Plummer,

1940; Athlocrinus clarus Strimple, 1962a.

Diagnosis. — The dorsal cup is a low, truncate bowl with three

anal plates. The base is almost flat except for the indented, round-

stem impression. The sides of the cup flare upward gently and are

nearly vertical at their summit. The posterior interradius is broad

giving the cup a nearly hexagonal outline. The sutures are not im-

pressed and the cup is smooth. The radial facets are slightly less

than the maximum width of the radials.

Athlocrinus placidus Moore and Plummer PI. 33, figs. 12-14

Athlocrinus placidus Moore and Plummer, 1940, p. 170, pi. 6, fig. 1, text-fig.

30; Shimer and Shrock, 1944, p. 163, pi. 62, fig. 1; pi. 63, fig. 13; Knapp,
1969, p. 373, text-fig. 42.

Table 27. Measurements (in mm) of Athlocrinus placidus

UNSM
7939

Height of dorsal cup
(anterior) 5.0

(posterior) 7.6

Width of dorsal cup
(anteroposterior) 14.4

(B-DE interradius) 15.6

Length of AB basal 4.2

Width of AB basal 3.7

Length of A radial 5.2

Width of A radial 9.0

Length of radianal 3.2

Width of radianal 1.8

Length of anal plate 4.0

Width of anal plate 2.0



286 Bulletin 281

Occurrence. — Meadow (Merriam) Limestone, Plattsburg

Formation, Lansing Group, Missouri Series, Pennsylvanian (Loca-

tion 6, Appendix I). Plattsburg Limestone, Lansing Group, Mis-

souri Series, Pennsylvanian, Moore and Plummer (1940), Locality

5999, Altoona, Kansas.

Material studied.— Hypotype, UNSM-7939.

Family PACHYLOCRINIDAE Kirk, 1942

Diagnosis. — The dorsal cup is a low, truncate bowl with a

slightly concave base; the five infrabasals are not visible in the

side view of the cup. The radial articulating facets are wide, do not

always fill the distal surfaces of the radials, and have transverse

ridges and ligamental pits. There are three anal plates in the cup,

the anal sac is long, slender, and composed of vertical rows of small

plates. The pinnulate arms are uniserial, branching two or more

times.

Genus GALATEACRINUS Moore, 1940

Type species: Galateacrinus stevensis Moore, 1940, pp. 46-48,

pi. 1, figs. 9a-d, 10; text-figs. 6a, b; 7a, b; 8 a-d.

Other species included. — Galateacrinus ewersi Moore, 1940,

pp. 48-49, pi. 1, figs. 12 a-d; Galateacrinus allisoni Moore, 1940, pp.

49-51, pi. 1, figs, lla-c; text-figs. 5a, b; Galateacrinus ornatus

Moore, 1940, pp. 51-52; pi. 1, figs. 13a, b; text-figs. 9a-e. Galatea-

crinus coacervatus Strimple and Moore, 1971, p. 18, pi. 8, fig. 1,

pi. 12, figs. 3a, b. Galateacrinus gossameri Pabian and Strimple, new

species.

Remarks. — There appear to be several species of Galateacrinus

in Virgilian rocks in eastern Nebraska. Only Galateacrinus gossameri

Pabian and Strimple, new species, is described here, the other species

to be described in subsequent reports.

Galateacrinus gossameri Pabian and Strimple, new species PI. 34, figs. 5-7

Description. — This species is based on a single dorsal cup

with a narrow, fairly shallow basal concavity. The large crenulate

stem with a pentalobate lumen is deeply impressed and covers most

of the infrabasal circlet, so that only its distal tips remain uncon-

cealed. The distal ends of the five infrabasals are slightly down

flared. The proximal half of the extremely bulbous basals are some-

what down flared. The basal plane of the cup is formed by the

medial portions of the basals which then sharply recurve so that the
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distal ends of the basals are nearly vertical. There is a short ridge

on each side of each basal. The radials are nearly horizontal, curving

upward sharply near their distal ends, and then inwards for about

1/4 the length of the radial. There is a pair of ridges on each radial,

each of which connects with the ridges on the adjacent basals, so that

a fine weblike structure results between these plates. A deep depres-

sion occurs at the junctures between adjacent radials and basals.

The radials bear irregularly distributed, granular ornamentation.

There is a small, trapezoidal radianal plate, a large, pentagonal anal

X, and a minute, nearly square right tube plate.

The radial articulating facets are not well defined. The outer

marginal ridge is faint; outer ligamental furrow is shallow, and the

transverse ridge is faint. The ligamental pit is fairly well defined.

The muscle areas are small and nearly horizontal.

Table 28. Measurements (in mm) of Galateacrinus gossameri
UNSM
7976

Height of dorsal cup
(anterior) 2.4

(posterior) 2.8

Width of dorsal cup
(anteroposterior) 8.2

(B-DE interradius) 9.6

Remarks. — The external ligamental area of Galateacrinus

gossanneri appears to be narrower than is typical for the genus. The

ligamental area may be confused with the distal ends of the radials

which recurve sharply and form a broad adjacent platform (fore-

facet).

Galateacrinus gossameri is named in allusion to the weblike

structures between the radials and adjacent basals.

Occurrence. — Beil Limestone Member, Lecompton Formation,

Shawnee Group, Virgil Series, Pennsylvanian (Location 12, Ap-

pendix I).

Material studied. — Holotype, UNSM-7976.

Family CROMYOCRINIDAE Jaekel, 1918

Diagnosis. — The dorsal cup is medium globular, globose, or

bowl- to cone-shaped, with greatest width below the summit of the

radials. The infrabasals may be down flared or subhorizontal in

older forms but are generally up flared. There are two or three plates

in the posterior interradius. The arms are long, uniserial in older
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forms and usually biserial in younger forms. There may be five

arms (Cryomyocrinus and Ureocrinus)^ or ten arms branching on

the first primibrach in most species, with as many as 16 arms in

one species {Parulocrinus pontineensis)

.

Genera. — Cromyocrinus Trautschold, 1867; Dicromyocrinus

Jaekel, 1918; Mooreocrimi.s Wright and Strimple, 1945; Parido-

crinus Moore and Plummer, 1940; Parethelocrinus Strimple, 1966;

Aglaocrinus Strimple, 1961, Paracromyocrinus Strimple, 1966;

Metacromyocrinus Strimple, 1961; Synarmocrinus Lane, 1964;

Ulocrinus Miller and Gurley, 1890; Ureocrinus Wright and Strimple,

1945; Mantikosocrinus Strimple, 1951c; Probletocnnus Strimple

and Moore, 1971; Ethelocrinus Kirk, 1937.

Genus PARETHELOCRINUS Strimple, 1961

Type species: Parethelocrinus ellipticus Strimple, 1961, pp. 81-

85, pi. 8, figs. 4-5; pi. 18, figs. 1-2; pi. 19, fig. 5.

Other species included. — Ethelocrinus variabilis Strimple,

1949; Ethelocrinus plattsburgensis Strimple, 1949; E. millsapensis

Moore and Plummer 1940; E. watkinsi Strimple, 1949; Parulocrinus

beedei Moore and Plummer, 1940.

Diagnosis.— The dorsal cup is low, broad and shallow. The

base is shallowly concave or subhorizontal. There are two anal

plates within the cup. The surface is smooth or granular and the

sutures are not deeply impressed.

Parethelocrinus plattsburgensis (Strimple) PI. 36, figs. 7-8

Ethelocrinus plattsburgrnsis Strimple, 1938 (emended and republished, 1959),

p. 126; pi. II, figs. 6, 9, 12.

Parethelocrinus plattsburgensis (Strimple), Strimple, 1961, pp. 80, 82; 1971,

pp. 80-81, figs, la-e; 1971, p. 172, pi. 49, figs. 1-3.

Table 29. Measurements (in mm) of Parethelocrinus plattsburgcnsi'

UNSM
7977

Height of dorsal cup
(anterior) 11.2

(posterior) 12.2

Width of dorsal cup
(anteroposterior) 36.9

(B-DE interradius) 35.2

Length of AB basal 16.2

Width of AB basal 18.5

Length of A radial 9.4

Width of A radial 19.0

Length of radianal 15.1

Width of radianal 11.8

Length of anal plate 11.0

Width of anal plate 9.4
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Occurrence. — Hypotype, USNM-7977, Beil Limestone Mem-
ber, Lecompton Formation, Shawnee Group, Virgil Series, Pennsyl-

vanian (Location 16, Appendix I). Brownwood Shale, Missouri

Series, Plummer Location 153-T-23, McCulloch County, Texas.

Wann Formation, Ochelata Group, Missouri Series, "The Mound,"

Barttlesville, Oklahoma.

Family SCYTALOCRINIDAE Moore and Laudon, 1943

Genus SCYTALOCRINUS Wachsmuth and Springer, 1879

Type species: Scaphiocrinus robustus Hall,

Other species included.— Scytalocrinus sansabensis Moore and

Plummer, 1938; Scytalocrinus sp. Strimple and Watkins, 1969;

Scytalocrinus validus Wachsmuth and Springer, 1879; Scytalocrinus

ajtonensis Strimple, 1951; Scytalocrinus larvalis Strimple, 1939;

Scytalocrinus deminutivus Strimple, 1939.

Diagnosis.— Cup truncate cone with low infrabasals. Three

anal plates in CD interray. Arms branch isotomously on first

primibrachial. The rami are short, stout, round, one pinnule to

each brachial. Stem round.

Range. — Mississippian (Osagean) through Pennsylvanian

(Virgilian).

Scytalocrinus sp. PI. 33, fig. 18; Text-figs. 2, e, f

Remarks.— Because of the damaged nature of the dorsal cup

of the specimen at hand, no attempt has been made to assign a

species name. The specimen under study differs from other species

of Scytalocrinus by having longer, more robust secundibrachials,

finely granular ornamentation on the dorsal cup, primibrachials and

lower secundibrachials, and a dorsal cup which has an apparently

more flattened base than typical specimens.

Occurrence.— UNSM-10030, Beil Limestone Member, Lecomp-

ton Formation, Shawnee Group, Virgil Series, Pennsylvanian

(Location 16, Appendix I).

FAMILY UNKNOWN
Genus and species undetermined PI. 32, fig. 13

Occurrence.— A single holdfast, UNSM-10025 was collected

from the Beil Limestone Member, Lecompton Formation, Shawnee

Group, Virgil Series, Pennsylvanian (Location 12, Appendix I).
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Appendix I. Register of Pennsylvanian Localities (see Text-figure 1).

Location
Number Description

1. SE 1/4, Sec. 18, T. ION., R. 13E., Cass County, Nebraska.

2. SW 1/4, Sec. 18, T. 12N., R. 12E., Cass County, Nebraska.

3. NW 1/4, NW 1/4, Sec. 4, T. ION., R. HE., Cass County, Nebraska.

4. SE 1/4, Sec. 2, T. ION., R. HE., Cass County, Nebraska,

5. SW 1/4, NE 1/4, Sec. 29, T. ION., R. 13E., Cass County, Nebraska.

6. SE 1/4, SE 1/4, Sec. 7, T. 12N., R. 12E., Cass County, Nebraska.

7. SW 1/4, SE 1/4, Sec. 28, T. 13N., R. 12E., Sarpy County, Nebraska.

8. SE 1/4, Sec. 10, T. ION., R. 12E., Cass County, Nebraska.

9. SW 1/4, Sec. 1, T. 12N., R. 9E., Saunders County, Nebraska.

10. SW 1/4, NW 1/4, Sec. 15, T. 12N., R. HE., Sarpy County, Nebraska.
11. Location 11, near abandoned Plattsmouth ferry boat moorings, approx.

N 1/4, Sec. 20, T. 12N., R. 14E., Cass County, Nebraska.
12. SW 1/4, Sec. 9, T. UN., R. 14E., Cass County, Nebraska.
13. SE 1/4, SE 1/4, Sec. 34, T. IIN., R. HE., Cass County, Nebraska.
14. E 1/2, NW 1/4, NE 1/4, SW 1/4, Sec. 22, T. UN., R. 14E., Cass

County, Nebraska.
15. SE 1/4, NW 1/4, Sec. 3, T. ION., R. HE., Cass County, Nebraska.
16. NW 1/4, NW 1/4, NW 1/4, Sec. 21, T. ION., R. 14E., Cass County,

Nebraska.
17. SE 1/4, SW 1/4, Sec. 35, T. IIN., R. HE., Cass County, Nebraska.
18. SE 1/4, Sec. 13, T. 12N., R. HE., Sarpy County, Nebraska.
19. SE 1/4, SW 1/4, Sec. 2, T. 8N., R. lOE., Otoe County, Nebraska.
20. SW 1/4, NE 1/4, Sec. 6, T. 12N., R. 13E., Cass County, Nebraska.
21. SW 1/4, Sec. 10, T. 12N., R. lOE., Cass County, Nebraska.
22. SW 1/4, SW 1/4, Sec. 18, T. IN., R. 13E., Richardson County,

Nebraska.

CRINOID STUDIES

PART II

SOME PERMIAN CRINOIDS FROM NEBRASKA,
KANSAS, AND OKLAHOMA

ABSTRACT
Systematic collecting in Big Blue (= Wolfcampian) rocks in southeastern

Nebraska, eastern Kansas, and northeastern Oklahoma has yielded crowns or

dorsal cups of 44 crinoids representing ten species, two of which, Halogetocrinus

boellstorffae and Graffhamicrinus boelstorffi, are new.
The presence of Delocrinus vastus Lane and Webster and Contocrinus sp.

cf. scopulus (Lane and Webster) in Nebraska and Nevada and Brabeocrinus
cuncatus (Lane and Webster) in Oklahoma and Nevada indicates that the

Battleship Wash crinoid fauna from Nevada is approximately the same age as

the upper Council Grove Group — Lower Chase Group of the mid-continent
region.

It is suggested that crinoid stems may have functioned to balance the crown.

INTRODUCTION
Occurrences of Upper Paleozoic crinoids are of special interest

to students of fossil echinoderms for many reasons. Three subclasses
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of crinolds (Flexibilia, Inadunata, and Camerata) became extinct

during the Permian and one subclass (Articulata) appeared in the

Triassic. Any light shed on the inadunates' last few million years

could yield evidence of the changes that took place leading to the

total extinction of so many fossil groups in the late Paleozoic.

The crinoid fauna described herein contains three species com-

mon to the fauna from Nevada described by Lane and Webster

(1966) and Webster and Lane (1967). The Nevada fauna is much

more prolific and diverse than the material treated here. Many of

the crinoids in the Nebraska material retain primitive characteristics

whereas the Nevada material ".
. . belong to families that have been

judged among the most advanced of any of the Inadunata" (Lane

and Webster, 1966, p. 2). Most of the species described herein are

restricted geographically to the Nebraska-Kansas-Oklahoma area

(Text-fig. 1), but two species found in Nebraska, Delocrinus vastus

Lane and Webster and Contocrinus sp. cf. C. scopulus (Lane and

Webster), were originally described from material collected in

Nevada, and one species reported herein from Oklahoma, Brabeo-

cnnus cuneatus (Lane and Webster), was also described from

material collected in Nevada.

In addition to the material treated from Odell, Nebraska, and

Burbank, Oklahoma, material from several other locations and

stratigraphic horizons in Nebraska, Kansas, and Oklahoma, is

described herein.

PREVIOUS WORK

Works on Permian crinoids from the mid-continent region have

been few, reflecting the general paucity of material. Weller (1909)

described several species from Texas. Moore (1939) described

Permian crinoid species from Nebraska, Kansas, and Oklahoma, and

Moore and Plummer ( 1940) described a few Permian crinoid species

from Texas. Moore and Strimple (1941) described Delocrinus

waughi from Kansas. Lane and Webster (1966) described a large

number of Permian crinoids from Nevada, and Webster and Lane

(1967) described some additional material from the Battleship

Wash, Nevada, fauna. Pabian and Strimple (1971) discussed some

Permian crinoids and associated fauna from Nebraska.
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STRATIGRAPHIC POSITION

In the spring of 1970, Mr. Gordon Baird, a graduate assistant

in the Geology Department of the University of Nebraska, reported

to the authors a number of crowns and partial crowns of crinoids in

the Lower Permian Grant Shale (Big Blue Series) which is exposed

just east of Odell, Nebraska. Subsequent examination showed the

material to consist of Nebraskacrinus, Delocrinus, Contocrinus, and

Microcaracrinus and dissociated plates of several unidentified crinoid

genera.

The crinoids collected from the Odell, Nebraska, locality occur

in a mottled, gray-green, slightly fissile, fossiliferous siltstone with

abundant worm burrows, quartz and celestite geodes, and some

nodular chert. The occurrence is about 12 feet above the base of the

Grant Shale Member of the Winfield Limestone Formation, Chase

Group, Big Blue Series (=: Wolfcampian), Lower Permian, exposed

in the NE 1/4, NW 1/4, Sec. 20, T. IN, R. 6E, Gage County, in a

cut on Nebraska State Highway 8, about 2 miles east of the com-

munity of Odell (Location 1, Text-fig. 2).

The crinoids from Burbank, Oklahoma, were collected from a

blue shale zone in the middle of the Bennett Shale Member of the

Red Eagle Formation exposed in the quarry just north of Highway

66 near C, Sec. 25, T. 26N, R. 5E, one-half mile east of Burbank,

Osage County, Oklahoma (Location 2, Text-fig. 2).

Lane and Webster (1966, pp. 3-4) indicated that the Battleship

Wash, Nevada, crinoids, on the basis of correlations effected by

fusulinids, were approximately Middle Wolfcampian in age. Delo-

crinus vastus and Contocrinus sp. cf. C. scopulus from Nebraska

are from beds in the middle part of the Upper Big Blue (= Wolf-

campian), whereas Brabeocrinus cuneatus from Oklahoma is from

beds determined to be in the middle part of the Big Blue.

It is suggested here that Delocrinus vastus from Nebraska oc-

curs nearer the top, and D. vastus from Nevada, nearer the base,

of the Delocrinus vastus Range Zone. Since range zones for Permian

crinoids have not generally been established with any certainty,

this would explain the discrepancy in stratigraphic position. Brabeo-

crinus cuneatus from Oklahoma has been collected from rocks near

the middle of the Big Blue (= Wolfcampian) and is from about the

same stratigraphic position as the type horizon in Nevada.
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PALEOECOLOGICAL IMPLICATIONS

The fossil evidence obtained in the field indicates that in

Nebraska, Pennsylvanian and Permian crinoids are almost always

associated with large, diverse faunas which include many of the

other invertebrate phyla. A study of the crinoids and associated

fauna, and a study of sedimentary features of the fossil-bearing

strata should add to our specific knowledge of Permian fossil assem-

blages and our general understanding of the fossil community con-

cept.

The Odell crinoids include calcified to slightly silicified crowns

of Nebraskacrinus tourteloti Moore, Microcaracrinus twenhojeli

(Moore) [= Plummvericrinus twenhojeli (Moore) = Pachylo-

crinus twenhojeli Moore], and Delocrinus vastus Lane and Webster.

Nebraskacrinus tourteloti is by far the most common crinoid species

to be found at Odell, about 30 crowns or partial crowns of the

species having been recovered. The largest crown of A^. tourteloti

has a length of about 100 mm; the calyces ranged from about 18 to

30 mm in height and from about 14 to 25 mm in diameter.

Though a number of calyces of crinoids of all species repre-

sented had sections of stem attached, none of the stems terminated

with a holdfast or root system. One holdfast which appears to be

a secondary structure is illustrated (Plate 39, figs. 1-3). The sub-

strate at Odell appears to have been a soft, silty mud without a

firm anchorage to which a holdfast could have been attached. It is

suggested that the stems of some crinoids might have functioned to

balance the crown as a sea anchor balances a buoy or as a tail

balances a flying kite. Strimple and Moore (1971, p. 35) reported

that the stems of Clathrocrinus tended to diminish in diameter

distally. A similar interpretation of stems of crinoids from Odell is

considered here. Many of the crinoid crowns and other fossils col-

lected at Odell show evidence of having undergone weathering.

Other echinoderms at Odell are represented by spines and plates

of an echinoid that appears to be a species of Archeocidaris.

ASSOCIATED FAUNA

At the Odell locality the crinoids are associated with a large,

diverse fauna, summarized below:
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BRACHIOPODA
Reticulatia

Derbyia
Linoproductus
Composita

BIVALVIA
Aviculopectcn
Pteronites

Myalina
Septimyalina

GASTROPODA
Straparollus

Euphemitcs?

ECTOPROCTS
Fenestella

Stenopora

ANNELIDA
Spirorbis (on myalinoid bivalves)

Unidentified chitinous exoskeleton

ARTHROPODA
Trilobita

Amcura
Ostracoda

Bairdia

CHORDATA
Cladodont shark teeth.

Identifications of the above genera are based on Dunbar and

Condra (1933), Muir-Wood and Cooper (i960), Newell (1937,

1942, 1968), Mudge and Yochelson (1962), Condra (1903), Shinier

and Shrock (1944), Upson (1931), and Romer (1967).
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Order CLADIDA Moore and Laudon, 1943

Suborder POTERIOCRINITINA Jaekel, 1918

Family BLOTHROCRINIDAE Moore and Laudon, 1943

Genus NEBRASKACRINUS Moore, 1939

Type species: Nebraskacrinus tourteloti Moore, 1939.

Nebraskacrinus tourteloti Moore, 1939
PI. 39, figs. 9-11; PI. 40, fig. 8; Text-figs, la, b

Nebraskacrinus tourteloti Moore, 1939, pp. 199-203, pi. 5, figs, la-d, text-fig.

4; Shimer and Shrock, 1944, p. 159, pi. 60, figs. 13a, b.

Description.— The dorsal cup is a high, rounded cone or el-

lipsoid with five up-flared infrabasals rising at about 45 degrees

from the distal outline of a flattened columnar cicatrix. Five curved

basals continue to rise upward at about 45 degrees for about one-

half their height and then rise much more sharply, sloping at about

7S degrees at their distal extremities. EA, AB, and BC basals have

six sides and CD and DE basals have seven sides. The five radials

are about one and one-half times as wide as long.

Radial articulating facets flat, about half as wide as long.

Outer marginal ridge wide, faintly defined. Outer ligamental furrow

wide, shallow. Ligamental pit large, wide, shallow. Transverse

ridge faint with few small denticles; oblique ridge absent. Lateral

ridge faint and adsutural slope is about 45 degrees to the horizontal.

Muscle areas slightly concave, sloping inward to a large, shallow,

central pit that is connected to a narrow intermuscular notch by a

short, deep intermuscular furrow.

The three anal plates are in primitive arrangement. The large

RA and anal X plates have six sides each, and the right tube plate

touches the D radial, the RA, and anal X plates. The long anal sac

tapers upward and is made up of several columns of plates which

are fairly smooth on small specimens and somewhat bulbous and

sometimes ornamented on large specimens.

Arms uniserial, pinnulate, branching heterotomously. First

primibrachial (IBr) axillary, branching exotomously. Second

secundibrachial (IIBr), tertlbrachial (IIIBr), quartibrachial

(IVBr), etc. are axillary, branching exotomously. The upper articu-

lar facets of the axillary IBr, IIBr, IIIBr, etc., are not equal. The
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A B

D

Text-figure 1 — (A, B). Nebraskacrinus tourteloti Moore, right handed
and left handed branching of arms on first primibrachial of A ray. (A) UNSM
9617, X 2; (B) UNSM 9619, X 2. (C) Elibatocrinus sp. cf. E. elongatus Web-
ster and Lane, reconstruction showing posterior interradius, X 2. (D) Halo-
getocrinus bocllstorffac Pabian and Strimple, new species, reconstruction show-
ing posterior interradius, X 10.
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wider facet on the IBr, IIIBr, VBr is on the posterior in the B, C,

D, and E rays. The wider articular facet on the axillary IIBr, IVBr

and the like is on the anterior in the B, C, D, and E rays. A long,

uniserial, pinnulate arm rises from the narrower facet on the axillary

IBr, IIBr, IIIBr, and the like in such a manner that the uniserial

arm alternates its position back and forth from anterior to posterior

from the IBr to IIBr to IIIBr, and the like in the B, C, D, and E
rays. In the A ray the wider facet of the axillary IBr may be in

either the right or left side, in which case the wider facet of the

axillary IIBr will be on the left or right side (see Text-fig. 2).

Remarks.— The distal extremities of several of the arms in the

B ray of UNSM 9617 show evidence of regeneration of broken off

parts. The fact that the arms branch heterotomously rather than

isotomously indicates that either Blothrocrinidae should be amended

to include forms with heterotomous arms or that the placing of

Nebraskacnnus in this family should be more critically reviewed.

Occurrence. — Grant Shale Member, Winfield Limestone For-

mation, Chase Group, Big Blue Series^ Permian. Hypotypes UNSM-
9617 - UNSM-9623, hypotypes UNSM-10002 - UNSM-10014 and

hypotype SUI-35S33 were collected from Location 1 (Appendix II,

Text-fig. 1).

Material studied. — Holotype, UNSM-10028; hypotypes,

UNSM-9617 - UNSM-9623; UNSM-10002 - UNSM-10014; hypo-

type, SUI-35S33.

Family STELLAROCRINIDAE Strimple, 1961

Genus BRABEOCRINUS Strimple and Moore, 1971

Type species: Brabeocrinus christinae Strimple and Moore,

1971, p. 32.

Other species included. —'Stellarocrtrms distinctiis S|trimple,

1940, pp. 3-4; Stellarocrinus cuneatus Lane and Webster, 1966, pp.

24-26; Stellarocrinus comptus Webster and Lane, 1967, p. 13.

Range.— Pennsylvanian-Permian; North America.

Diagnosis.— Stellarocrinids which do not develop well-defined

biserial arms, but have more primitive, narrow arms with cuneate

brachals are assigned to Brabeocrinus.

Remarks.— Stellarocrinus Strimple is typically a biserial form

that has evolved from a uniserial form like Heliosocrinus. There
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are species, e.g., Stellarocmius distinctus Strimple, which have

cuneate brachials and one Permian species, S. cuneatus Lane and

Webster, which has cuneate to incipiently interlocked brachials.

Heliosocrinus has two primibrachs and a pentalobate-shaped stem,

whereas Stellarocrinus has one primibrach in each arm and a round

stem. For forms previously assigned to Stellarocrinus but which re-

tain cuneate brachials (as the above mentioned species), Brabeo-

crinus Strimple and Moore has been established.

Lane and Webster (1966, pp. 24, 48) apparently considered

the nature of the radial articulating facet to be of generic stature,

i.e., whether the radial facet occupies the entire width of the radial

or does not occupy the full width of the radial. They {ibid, p. 48)

proposed a genus Celonocrinus with a monotypic species C. expansus

Lane and Webster for which the description is also designated as

the generic description. They state that ".
. . radial facet occupies

full width of radial" but actually this is only demonstrated in the

D ray of the holotype and examination of a plastotype shows the

entire area to be collapsed. In the other rays there is an appreci-

able gap so that the facets could not possibly fill the full width of

the radials. They also reported the arms to be nonpinnular but cor-

rected this in Webster and Lane, 1967.

Characteristics which serve to differentiate Celonocrinus from

Stellarocrinus are that the anal plate of the former extends well

above the cup and the radiating ridges between cup plates are ab-

sent. Stellarocrinus angulatus (Miller and Gurley) is referred here

to Celonocrinus angulatus (Miller and Gurley), new combination.

Brychiocrinus Moore and Plummer has also eliminated radi-

ating ridges between cup plates but in addition has widened the

radial articulating facets which eliminates the notch between the

facets, a feature which would affect connection with minute plates

covering the viscera. The arms of the monotypic B. texanus remain

narrow, as in Brabeocrimis, but are fully biserial.

Brabeocrinus cuneatus (Lane and Webster), 1966 PI. 41, figs. 8-10

Description. — Dorsal cup low, bowl-shaped with broad relative-

ly shallow basal invagination. Five infrabasals almost entirely

covered by the proximal columnals. Five basals are large and extend

well out of the basal concavity. Five radials are wide and the facets
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are considerably narrower than the width of the plates. A single

anal plate rests on the truncated posterior basal and is followed

above by two anal plates of subequal size. The areas at the proximal

apices of the radials and the distal apices of the basals are depressed

as well as the adsutural areas between radials. This is accentuated

by a series of elongated tubercles starting at the center of each

basal and passing onto adjacent plates (the ridge passing toward

the infrabasals does not extend far into the concavity). The anal

plates are marked in a similar manner.

The first primibrach is low and axillary in all rays. A low

vertical ridge is present in mid-section. There is an appreciable de-

pression at the juncture with the radial and the width of the primi-

brach is substantially less than the width of the radial. The upper

brachials are wedge-shaped but the arms do not become biserial.

Each brachial has a sharp spine on the wider, pinnule-bearing side.

The arms are thick and have short pinnules with well-rounded ex-

teriors which are almost at right angles to the arms as preserved.

Only proximal columnals preserved which are wide, round, and each

has a sharp horizontal rim.

Remarks. — The ornamentation of the dorsal cup of the Okla-

homa specimen is more pronounced than found in the holotype of

Brabeocrinus cuneatus, the latter also being distinctive in not

having any ridges passing onto the anal plate and in having more

of a tendency toward biserial arm structure. There also is an extra

ridge passing from radial to radial in B. cuneatus, according to

Lane and Webster (1966, text-fig. 7). B. distinctus has sharp, crested

ridges passing from plate to plate, creating sharply angled surfaces

as opposed to the more gentle curvature of the surfaces of the other

two species.

Occurrence. — Lower Permian, Battleship Wash, Nevada. Ben-

net Shale Member, Red Eagle Formation, Location 2 (Appendix II,

Text-fig. 1).

Material studied and repositories. — Holotype 23658 and hypo-

type 6267 are reposited in the invertebrate paleontological collec-

tions of the University of California at Los Angeles. Hypotype OU-
2735 is reposited in the Paleontological Collection of the University

of Oklahoma.
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Table 2. Measurements of Brabcocrinus cuneatus*, Hypotype OU-2735 in mm
Height of cup

(posterior) 7.1

(anterior) 10.0

Width of cup
(anteroposterior) 18.2

(B to DE radius) 17.5

Width of infrabasal circlet +.6

Length of AB basal 4.7

Width of AB basal 5.9

Length of A radial 3.3

Width of A radial 8.8

Length of anal plate 4.6

Width of anal plate 4.6

*A11 measurements linear

Family DIPHUICRINIDAE Strimple and Knapp, 1966

Genus GRAFFHAMICRINUS Strimple, 1961

Type species: Grajjhamicrinus acutus Strimple, 1961.

Remarks. — Though Graffhamicrinus is probably the most

common genus of crinoid in the Pennsylvanian rocks of Nebraska,

it is represented in the Permian of Nebraska by only a single dorsal

cup. The scarcity of Graffhavticrinus in the Nebraska Permian may
be the result of inadequate collecting, however, because this genus

has been reported from the Hughes Creek Shale in Kansas (Moore

and Strimple, 1941, p. 10) and this paper.

Graffhamicrinus boellstorffi Pabian and Strimple, new species
PI. 41, figs. 4-7

Description. — Basal concavity broad and shallow. There are

five kite-shaped infrabasals which are nearly flat lying proximally.

The middle portion of the infrabasals slope steeply downward and

the distal ends slope gently downward. There are five gently curved,

pentagonal basals which rise about as high on the side of the cup

as the basal concavity rises within the cup. The cup sits on a plane

defined by the middle portions of the basals and the tips of the

five radials. The radials have five sides and are about 1/3 as high

as wide, their tips just visible in the side view of the cup. Anal X
short, blunt, subhexagonal, slightly higher than wide, curving sharply

inward, and situated on the truncated posterior basal and between

the C and D radials. There is a facet for the reception of a tube

plate. Sutures sharp but not impressed. Radial plates with rows

of nodes that approximately parallel the outer ligamental ridge.
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Outer ligamental furrow narrow, bounded by distinct, high

transverse ridge with a few dull denticles. Ligamental pit large,

deep, well defined. Oblique ridge small to absent. Central pit broad,

shallow and connected to poorly defined intramuscular notch by a

short, narrow intermuscular furrow. Lateral lobes large poorly de-

fined.

Remarks.— This species is described on the basis of a single,

shallow, slightly crushed dorsal cup that is about 1/5 as high as

wide. This species bears resemblance to both Graffkamicrinus stul-

lensis Strimple and G. waughi Moore and Strimple. G. zvaughi has

similar, though considerably more numerous, nodes and a much

narrower, deeper basal concavity. G. waughi and G. boellstorffi both

occur in the same stratigraphic position. G. boellstorffi has a more

decided pentagonal outline than G. sttdlensis and also has coarser,

less uniformly distributed ornamentation. The facetal areas of G.

stullensis and G. boellstorffi are similar but not nearly as sharply de-

fined on the latter which, however, may be due to preservation. In

view of the shallow nature of the basal concavity and the similarity

of the facetal areas of the two species, it is thought that Graffhami-

crirms boellstorffi is more closely related to G. stullensis than G.

waughi. The species is named in honor of Mr. Charles Boellstorff on

whose farm the holotype was collected.

Occicrrence.— Hughes Creek Shale Member, Foraker Forma-

tion, Council Grove Group, Big Blue Series, Lower Permian (Loca-

tion 3, Appendix II, Text-fig. 1).

Material studied. — Holotype, UNSM-7992.

Table 3. Measurements of holotype of Graffhamicr'inus boellstorffi in mm*
Height of cup

(posterior) 5.7

(anterior) 4.3

Width of cup
(anteroposterior) 19.3

Width of infrabasal circlet 3.9

Length of AB basal 7.5

Width of AB basal 7.5

Length of A radial 5.6

Width of A radial 11.5

Length of anal plate 4.0

Width of anal plate 3.7

Diameter of stem impression 3.0

*Measured along surface of curvature.
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Graffhamicrinus sp. cf. G. waughi (Moore and Strimple), 1941
PI. 41, figs. 1-3

Dclocrinus ivaughi Moore and Strimple, 1941, pp. 9-11, pi. 1, 3 figs. 7a, b, c.

Eme7ided description.— Emended to Moore and Strimple, 1941,

pp. 9-11. Radial articulating facets wide, well defined, sloping

outward. Deep, narrow ligamental pit and narrow ligamental pit

furrow separate sharply defined outer ligamental ridge and trans-

verse ridge which has five denticles on both sides. Oblique ridge

with fine denticles. Lateral ridge sharp, defining a sharp, deep ad-

sutural slope. Lateral lobes large, sloping outwardly and merging

with a bumpy muscle area. Muscle areas slope toward each other

and terminate at a shallow, well-defined central pit which is con-

nected to a deep intermuscular notch by a short intermuscular

furrow.

Remarks. — The ornamentation of the specimen is not so coarse

as that shown in the figured holotype; however, in all other respects

the cup is similar. It is not felt that the ornamentation is sufficiently

different to warrant proposal of a new species.

Material sttcdied. — Hypotype UNSM-9611.
Occurrence. — Hughes Creek Shale Member, Foraker Forma-

tion, Council Grove Group, Big Blue Series, Permian (Location 4,

Appendix II, Text-fig. 1),

Table 4. Measurements of Hypotype UNSM 9611 of Graffhamicrinus ivaughi,

in mm*

Height of cup
(posterior) 7.8

(anterior) 9.2

Width of cup
(anteroposterior) 23.9

(B-DE interradius) 24.8

Height of infrabasal circlet 5.7 (from basal

plane)
Width of infrabasal, circlet 4.8

Length of AB basal 12.1

Width of AB basal 9.9

Length of A radial 7.9

Width of A radial 15.0

Length of anal plate 6.7

Width of anal plate 4.6

Diameter of stem impression 3.6

•Measured along surface of curvature.
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Family CATACRINIDAE Knapp, 1969

Genus DELOCRINUS Miller and Gurley, 1890

Type species: Poteriocrinus hemisphericus Shumard, 1858.

Delocrinus vastus Lane and Webster, 1966 PI. 40, fig. 7

Delocrinus vastus Lane and Webster, 1966, pp. 45-46, pi. 12, figs. 1, 2, 5;

Webster and Lane, 1967, p. 24.

Remarks.— It appears that in the Big Blue rocks of Nebraska

and Kansas there are three closely related species of delocrinids,

Delocrinis densus Strimple, D. admirensis Strimple, and D. vastus

Lane and Webster. Both D. densus and D. vastus have broad, bowl-

shaped cups with a deep, narrow basal concavity, and the cups of

both species appear similar in outline. D. ad-mirensis has much
wider radial articulating arm facets than D. vastus. The specimens

from Odell are assigned to Delocrinus vastus Lane and Webster be-

cause they bear a much closer resemblance to the holotype of D.

vastus than to D. densus or D. admirensis. The geographic distribu-

tion of this species is Nevada and Nebraska.

Occurrence.— Grant Shale Member, Winfield Limestone, Chase

Group, Big Blue Series, Lower Permian (Location 1, Appendix II,

Text-fig. 1).

Material studied and repository. — Holotype 39626 and hypo-

type 45852 are reposited in the invertebrate paleontological collec-

tions of the University of California at Los Angeles; hypotypes

UNSM-9606, UNSM-9608, UNSM-10015, UNSM-10016, and

UNSM-10017 are reposited in the invertebrate paleontological col-

lections of the University of Nebraska.

Table 5. Measurements of Delocrinus vastus, in mm*
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Delocrinus densus Strimple, 1962

Drlocritius Jrnsus Strimple, 1962b, p. 70, pi. 12, figs. 21-24.

Etnended description. — Emended to Strimple, 1962b, p. 70.

Radial articulating facets about three times as wide as long; outer

marginal ridge borders a narrow outer ligamental furrow. Outer

ligamental ridge sharp. Ligamental pit deep and narrow. Trans-

verse ridge narrow, sharp; denticles numerous and faint. Oblique

ridge faint and nearly parallel to transverse ridge. Lateral ridge

broad; adsutural slope gentle. Lateral lobes small, muscle area slopes

steeply to a broad, shallow central pit that is separated from a

small intermuscular notch by a short intermuscular furrow.

The cup has a basal concavity of medium depth and width.

This feature could not be accurately determined on the holotype.

RcTnarks.— A specimen from the Bennett Shale in the Red

Eagle Formation exposed at a quarry 1/2 mile east of Burbank,

Oklahoma, and a specimen from the Neva Limestone exposed in a

quarry (presumably the same one) east of Burbank, Oklahoma, are

identified as Delocrinus densus Strimple because of their similarity

to the illustrated holotype.

Delocrinus densus has narrow radial articulating facets which

are similar to those of Delocrinus vastus Lane and Webster.

The tentative range zone for D. densus is from the Five Point

Limestone Member, Janesville Shale, to the Neva Limestone Mem-
ber of the Grenola Formation. The geographic distribution of the

species is from Pottawatamie County, Kansas, to Osage County,

Oklahoma.

Judging from the nature of the basal concavity and radial

articulating facets, Delocrinus densus may have been the oldest

species in a lineage including D. denus, D. vastus Lane and

Webster, and D. conicus Boos.

Occurrence. — Upper Shale, Neva Limestone, Grenola Forma-

tion, Council Grove Group, Permian, presumably in the quarry at

Location 2 (Appendix II, Text-fig. 1).

Material jfttt/tW. — Hypotype UNSM-9610; hypotype, SUI-

35537.
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Table 6. Measurements of Dclocrinus densus in mm*
UNSM-9610 SUI-35537

Height of cup
(anterior) 9.0 10.9

(posterior) 10.7 13.0

Width of cup
(anteroposterior) 24.7 25.8

(B-DE interradius) 25.8 26.9

Depth of basal concavity — 5.7

Width of infrabasal circlet 5.8 5.4

Length of AB basal 11.9 10.3

Width of AB basal 10.9 10.5

Length of A radial 9.6 8.8

Width of A radial 15.4 16.1

Length of anal plate 7.5 7.3

Width of anal plate 3.7 5.5

Diameter of stem impression — 4,3

Delocrinus admirensis Strimple, 1962 PI. 39, figs. 4-5; Pi. 40, fig. 6

Delocrinus admirensis Strimple, 1962b, pp. 69-70, text-fig. 29, pi. 12, figs. 9-12.

Emended description. — Emended to Strimple (1962, pp. 69-

70). Primibrachials low, wide, non-spinose, axillary. Secundibrachial

1 trapezoidal, followed by wedge-shaped, biserially arranged secundi-

brachs 2-10 which are faceted for the attachment of pinnules.

Remarks.— The identification of a Kansas specimen (SUI

32950) as Delocrinus admirensis is based on its similarities to the

illustrated holotype. The geographic distribution of this species is

extended from Pottawatamie County, Kansas, to Cowley County,

Kansas.

The tentative range zone for D. admirensis extends from the

Falls City Limestone to the lower part of the Morrill Limestone

Member of the Beattie Formation.

D. admirensis appears closely related to D. ahruptus Moore

and Plummer and D. densus Strimple. D. abruptus has a wider, shal-

lower basal concavity than D. adm,irensis and D. densus has nar-

rower radial articulating facets than D. admirensis or D. abruptus.

Occurrence.— Beattie Limestone, Council Grove Group, Per-

mian (Location 5, Appendix II, Text-fig. 1).

Material studied and repository. — Hypotype, SUI-32950, col-

lected by Larry Solomon.

Genus SUBARRECTOCRINUS Knapp, 1969

Type species: Delocrinus perexcavatus Moore and Plummer.

Subarrectocrinus perexcavatus (Moore and Plummer) PI. 41, figs. 11-12
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Delocrjnus? prrexcavaius Moore and Plummer, 1940, pp. 284-286, pi. 4, fig. 6,

text-fig. 58.

Subarrectocrinus percxcavatus (Moore and Plummer), Knapp, 1969, p. 364;

text-fig. 18.

Emended description. — Emended to Moore and Plummer, 1940

(pp. 284-286). Radial articulating facets large, level, well defined.

Outer marginal ridge broad, sharp. Outer ligamental furrow deep,

broad, separated by deep ligamental pit. Transverse ridge large, well

defined, with few, faint denticles, and separated from muscle area

by a deep furrow. Lateral lobes large, crescentic. Muscle areas slope

inward to a deep central pit that is connected to a large inter-

muscular notch by a deep intermuscular furrow. Adsutural slopes

steep, well defined.

Remarks. — The specimen of Subarrectocrinus -perexcavatus at

hand is part of a dorsal cup, presumably the A, D, and E radials.

Unfortunately this specimen adds nothing to our knowledge of the

anal plate. The specimen does add to our knowledge of the radial

articulating facets which more closely resemble those of species

assigned to Endelocrmus. Moore and Plummer (1940, p. 285) indi-

cated that the arms of Delocrinus perexcavatus were uniserial in the

lower segments and more closely resembled Endelocrinus than Delo-

crinus. It appears that Subarrectocrinus may be in the same lineage

as Endelocrinus.

Occurrence. — Roca Shale Formation, Council Grove Group,

Big Blue Series, Permian (Location 6, Appendix II, Text-fig. 1).

Material studied. — Hypotype, UNSM-9612.

Family PACHYLOCRINIDAE Kirk, 1942

Genus MICROCARACRINUS Strimple and Watkins, 1969

Type species: Microcaracrinus delicatus Strimple and Watkins,

1969, p. 201.

Other species included. — Pachylocrinus pachypinnularis Ya-

kovlev and Ivanov, 1956, pp. 140-144; P. bellirugosus Moore, 1939,

pp. 215-217; P. twenhojeli Moore, 1939, pp. 217-219; P. colubrosus

Moore, 1939, pp. 220-222; Microcaracrinus conjugulus Strimple and

Moore, 1971, pp. 17-18.

Microcaracrinus twenhofeli (Moore), 1939 PL 38, fig. 9; PI. 39, figs. 6-8

Pachylorrinus tivrn/iofrli Moore, 1939, p. 205.

Plummrricrinus iivm/iofrli (Moore), Moore and Laudon, 1943, p. 58.

Microcaracrinus twenhofeli (Moore), Strimple and Moore, 1971, p. 17.
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Emended description.— Emended to Moore (1939, pp. 217-

219). The arms are preserved on the C ray of specimen SUI-35533.

The arms branch isotomously from a large pentagonal axillary

primibrach /. Secundibrach / is a large trapezoidal plate; secundi-

brach 2 is a rectangular plate and secundibrachs 3-4 are small, stag-

gered, trapezoidal plates. Pentagonal secundibrach 5 is axillary with

even distal facets and branches isotomously. Tertibrach / is large,

trapezoidal. Tertibrachs preserved as the last five smaller, trape-

zoidal plates are nearly uniform in size. Tertibrachs bear long pin-

nules though secundibrach / of SUI-35533 appears to also be pin-

nulate.

Remarks.— Five specimens from Odell, Nebraska, are placed

in their species because of their similarities to the illustrated holo-

type. The tentative range zone of this species is from the Fort Riley

Limestone, Chase Group, to the Grant Shale, Chase Group.

Table 7. Measurements of Microcaracrinus tivenhofeli in mm*
SUI UNSM UNSM UNSM UNSM UNSM
35533 9613 9614 9615 10018 10019

Height of cup
(anterior) 5.7 5.4 6.0 3.5 6.2 —
(posterior) — 6.4 6.8 4.1 — 3.7

Width of cup
(anteroposterior) — 10.8 12.2 — 15.1 —
(B-DE interradius) — 12.0 12.8 — 13.6 —

Width of infrabasal circlet 3.2 2.9 2.9 2.2 4.5 —
Length of AB basal 4.6 4.9 — 2.7 6.2 3.6

Width of AB basal 4.6 4.9 4.3 3.1 5.5 4.3

Length of A radial 4.1 3.7 3.4 2.9 5.1 —
Width of A radial 6.9 5.3 6.6 4.5 8.7 —
Length of radianal plate 4.1 3.7 3.5 2.0 3.7 2.9

Width of radianal plate 2.9 3.3 3.2 1.4 3.8 2.5

Length of anal plate — 3.5 3.7 2.1 4.6 2.9

Width of anal plate — 3.1 2.6 1.9 3.8 2.7

Diameter of stem impression 2.4 — — 1.9 — —
*Measured on surface of curvature

Occurrence. — Grant Shale Member, Winfield Formation, Chase

Group, Big Blue Series, Permian (Location 1, Appendix II, Text-

fig. 1).

Material studied. — Hypotypes, UNSM-9613, UNSM-9614,
UNSM-9616, UNSM-10018, UNSM-10019, hypotype SUI-35533.

FamUy SCYTALOCRINIDAE Moore and Laudon, 1943

Genus ELIBATOCRINUS Moore, 1940

Type species: Elibatocrinus leptocalyx Moore, 1940, p. 35.
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Other species included.— Elibatocrinus notabilis Moore, 1940,

p. 41; Elibatocmius concinnnlus Moore, 1940, p. 42; Elibatocrinus

catactus Moore, 1940, p. 43; Elibatocrinus hoodi Strlmple, 1961, p.

132; Elibatocrinus elegans Strimple and Moore, 1971, pp. 8-9; Eliba-

tocrinus sp. Lane and Webster, 1966, p. 30; Elibatocrinus elongatus

Webster and Lane, 1967, pp. 16-17.

Elibatocrinus sp. c£. E. elongatus Webster and Lane, 1967
PL 40, figs. 4-5; Text-fig. Ic

Elibatocrinus sp. Lane and Webster, 1966, p. 30, pL 10, fig. 7.

Elibatocrinus elongatus Webster and Lane, 1967, pp. 16-17, pL 5, figs. 1-2.

Description. — Dorsal cup, large, high, conical with a small

section of stem attached. There are three up-flared infrabasals, the

C ray infrabasal being the smaller, the larger ones occupying the

AB and DE rays. The proximal portions of the infrabasals are nearly

vertical, the upper two-thirds of the plates sloping outward at

about 7S degrees to the horizontal.

There are five large basals that are about three-fourths as wide

as long. They slope outward at about 75 degrees from the horizontal.

The CA, AB, and BC basals each has six sides, and the DE and

CD basals each have seven sides. The upper left corner of the DE
basal is truncated, probably for reception of an RA plate and the

top of the CD basal is truncated, probably for the reception of

anal X.

RA and anal X missing but the plates present indicate RA had

at least four sides and fitted between the lower left border of the

D radial and upper right border of the CD basal and the upper

left border of the DE basal.

Anal X would have at least three sides contacting the right

border of the C radial and upper border of the CD basal (see Text-

fig. Ic).

The five pentagonal radials are about twice as wide as long.

Their outward slope cannot be accurately determined but it appears

to be about the same as seen in the upper portion of the basals.

The cup is covered with irregularly distributed nodes and tubercles.

The radial articulating facets are much longer than wide and

occupy almost the entire width of the radial. A long, deep liga-

mental pit is situated between wide outer-marginal and transverse

ridges. There appears to be only a few faint denticles. The oblique
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ridge is short and confined to the innermost portion of the facet.

A deep, wide muscle area slopes inward to a dimple-like central

pit which is connected to the interior of the cup by a wide, poorly

defined intermuscular furrow.

Remarks.— Only five species of Elibatocrinus are represented

by crowns, or complete or nearly complete dorsal cups: Elibato-

crinus leptocalyx, E. catactus, E. hoodi, E. elegans, and E. elongatus.

The specimen at hand appears to be characterized by the irregular

ornamentation and the infrabasals which go from a vertical attitude

proximally to an out-flared attitude distally. E. leptocalyx, E.

elegans, and E. hoodi have no surface ornamentation. The infra-

basals of E. elongatus differ from those of the specimen at hand by

flaring outward immediately at the base and the cup. E. elongatus

has an elliptical outline whereas the cup of the Oklahoma specimen

has a more conical outline.

Occurrence. — Bennett Shale Member, Red Eagle Formation,

Council Grove Group, Big Blue Series, Permian. Quarry on north

side of old U.S. Highway 60, (Location 2, Appendix 2).

Material studied.— SUI-3S537, collected by W. M. Furnish.

Table 8. Measurement of Elibatocr'inis sp. cf. E. elongatus in mm*
Height of cup

(anterior) 21.5

Height of infrabasal circlet 8.7

Length of AB basal 12.1

Width of AB basal 9.8

Length of A radial 7.3

Width of A radial 10.5

Diameter of stem attachment 8.6

*linear

Family AMPELOCRINIDAE Kirk, 1942

Subfamily AMPELOCRININAE Kirk, 1942

Genus HALOGETOCRINUS Strimple and Moore, 1971

Type species: Aesiocrinus paucus Strimple, 1951.

Other species included. — Aesiocrinus prudentia Strimple, 1963,

p. 72; Lecobasicrinus subidus Strimple, 1969, p. 192.

Occurrence. — Pennsylvanian (Atokan-Virgilian) and Permian

(Big Blue); USA, (Texas, Oklahoma, Kansas, Illinois, Nebraska).
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Halogetocrinus boellstorffae Pabian and Strimple, new species
PI. 38, figs. 1-2; Text-fig. 2d

Description.— This species is based on a single, small truncate,

cone-shaped cup with five more or less flat-lying infrabasals. The
cup sits on the sharp ridge formed by the columnal cicatrix (see

text-figure 2d).

The AB, BC, DE, and EA basals are pentagonal and the CD
basal is hexagonal as it is truncated for the reception of a large,

trapezoidal anal X plate, the upper facet of which is flush with

the articulating arm facets of the radials.

There are five pentagonal radials that are about as wide as

long. The narrow radial articulating facets occupy nearly the en-

tire width of the radials. The outer marginal and transverse ridges

are separated by deep, prominent ligamental pits. Denticles were

not observed. The muscle areas slope inward to a deep, narrow cen-

tral pit that appears to directly join the intermuscular notch, the

intermuscular furrow being absent. Three rays have nonaxillary,

trapezoidal, flattened, primibrachs.

Remarks.— Halogetocrinus boellstorffae is named in honor of

Mrs. Charles Boellstorff from whose farm the holotype was col-

lected. It is the youngest representative of this genus. The radials

of H. boellstorffae do not have the tendency to touch the infra-

basals as do the radials of H. paucus. H. boellstorffae has a higher,

less rounded cup than H. paucus. H. boellstorffae has a slightly

up-flared base and H. paucus a shallow basal concavity. H. boells-

torffae has long, distally narrowing first primibrachs whereas H.

subidus has low, wide first primibrachs. H. prudentia has a much

lower, wider cup than H. boellstorffae.

H. boellstorffae appears to be most similar to the Atokan

species, H. subidus, which has a flattened base. Strimple (1962,

p. 72) suggested a divergent trend in the evolution of aesiocrinids,

some species evolving from forms with a shallow basal concavity

to forms with upflared bases. H. boellstorffae appears to be in this

group.

Occurrence.— Hughes Creek Shale Member, Foraker Forma-

tion, Council Grove Group, Big Blue Series, Permian, Location 3,

exposed along a creek in the NW 1/4, NE 1/4, Sec. 36, T. 6N., R.

12E., Nemaha County, Nebraska.

Material studied. — Holotype, UNSM-7992.
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Table 9. Measurements of Halogctocriyius bocUstorffae in mm*
Height of cup

(anterior) 2.1

(posterior) 2.1

Height of infrabasal circlet , 0.5

Diameter of infrabasal circlet 1.5

Length of AB basal 1.0

Width of AB basal 1.1

Length of A radial 0.9

Width of A radial 1.5

Length of anal plate 0.7

Width of anal plate 1.4

Diameter of stem attachment 1.0

*linear

Family PARADELOCRINIDAE Knapp, 1969

Genus ENDELOCRINUS Moore and Plummer, 1940

Type species: Eu-pachycrinus jayettensis Worthen in Meek
and Worthen, 1873, p. 565,

Endelocrinus rofundus Strimple, 1962b

Remarks.— This species is represented by a partial calyx col-

lected by Bruce Rowell. It is included here to note the extended

range zone and geographic distribution of this species.

Occurrence.— The holotype was collected from the Aspinwall

Limestone Member, Onaga Shale Formation, SE 1/4, Sec. 6, T. 29S.,

R. 9E., Elk County, Kansas. Hypotype, UNSM-9609, was collected

from the Grant Shale Member, Winfield Formation (Location 7,

Appendix II, Text-fig. 1). NW 1/4, NE 1/4, Sec. 28, T. 7S., R. 6E.,

Riley County, Kansas.

Family GRAPHIOCRINIDAE Bather, 1899

Diagnosis.— Crown cylindrical, moderately slender. Dorsal cup

bowl-shaped; five small infrabasals, not visible in side view, may be

in basal plane or in mild to deep concavity; basals medium-sized

with distal portions visible in side view; radials moderately large,

wider than long, articular facets filling distal face of plates; single

anal plate in cup or may be absent in late genera. Arms ten, wide and

usually rectiuniserial, branching on large primibrach 1 in all rsys.

Column round.

Genera. — Graphiocrinus de Koninck and LeHon, 1854; Acylo-

crinus Kirk, 1947; Contocrinus Knapp, 1969; Euerisocrinus Strimple,
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1939; Holcocrinus Kirk, 1945; Parastachyocrinus Wanner, 1949;

Stachyocrinus Wanner, 1916.

Genus CONTOCRINUS Knapp, 1969

Diagnosis. — Characters of family with single anal plate.

Contocrinus sp. cf. C. scopulus (Lane and Webster), 1966 PI. 40, figs. 1-3

Graphlocrinus scoPulus Lane and Webster, 1966, p. 46, pi. 10, figs. 4-8.

Graphiocrinus scopulus Lane and Webster, Webster and Lane, 1967, p. 26, pi.

4, figs. 1-3.

Description. — The presently considered dorsal cup is similar

in morphology to the specimens described from Nevada and is inter-

mediate in size between the holotype (No. 39653) and paratype

(No. 39654). Of particular interest is the deep, funnel-like basal

concavity with the infrabasals confined to the top of the concavity.

Reservation in the assignment is made because in the Nebraska

specimen the anal plate does not extend appreciably above the

cup summit and is somewhat broader than shown by the original

specimens. Also, there are fine granules, giving a frosted appearance

to the cup which is found in other species of the genus but has not

been reported for the material from Nevada. The typically thin

anal plate of the Nebraska specimen is atypical of the genus in

having facets for two tube plates on its distal surface.

Material studied. — Hypotype, UNSM-9607.

Table 10. Measurements of Contocrinus sp. cf. C. scopulus, in mm*
UNSM
9607

Height of cup
(anterior) 6.0

(posterior) 6.8

Width of cup
(anteroposterior) 11.9

(B-DE interradius) 12.8
Height of infrabasal circlet 3.2

Width of infrabasal circlet 2.9
Length of AB basal 6.8
Width of AB basal 6.5
Length of A radial 3.2
Width of A radial 7,8
Length of ana! plate 4.2
Width of anal plate 3.0

*Diaraeter of stem attachment 2.1
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^ CRINOID LOCATION
>A^^-

Text-figure 2.— Distribution of Permian rocks in Nebraska, Kansas, and
Oklahoma, and locations from which crinoids described herein have been

collected (Appendix II).
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Genus and species undetermined PI. 39, figs. 1-3

A portion of stem collected at the Odell locality shows that

the crinoid evidently secreted stem material around some foreign ob-

ject of unknown affinity. The specimen does not appear to be a pri-

mary holdfast. This specimen supports the notion that the stem

was free from attachment at least during part of the life of the

crinoid.

Occurrence.— Grant Shale Member, Winfield Formation, Chase

Group, Big Blue Series, Permian. (Location 1, Appendix II, Text-

fig. 1).

Figured specimen. — SUI-35S35.

Appendix II. Register of Permian Localities (Text-fig. 2).

Location
Number Description

1. Roadcut in NE 1/4, NW 1/4, Sec. 20, T. IN., R. 6E., Gage County,

Nebraska.
2. Quarry in C, Sec. 25, T. 26N., R. 5E., Osage County, Oklahoma.
3. Creek bank, NW 1/4, NE 1/4, Sec. 36, T. 6N., R. 12E., Nemaha

County, Nebraska.
4. Creek bank, SE 1/4, Sec. 30, T. 28., R. 16E., Brown County, Kansas.

5. NE 1/4, NW 1/4, Sec. 36, T. 33S., R. 7E., Cowley County, Kansas.
6. C, Sec. 26, T. 19S., R. 7E., Chase County, Kansas.
7. Roadcut, NW 1/4, NE 1/4, Sec. 28, T. 7S., R. 6E., Riley County,

Kansas.
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Explanation of Plate 32

Pennsylvanian crinolds

Figure Page

1-2. Erisocrinus sp 256
Side and basal views of juvenile specimen, hypotype UNSM

7969; X 3,

3-5. Parerisocrinus erectus (Moore and Plummer) 260
Ventral, basal, and posterior views of hypotype, UNSM 7964;

X 3.

6-8. Erisocrinus healdae Fabian and Strimple 255
New species. Summit, basal and posterior views of holotype,

UNSM 7982; X 3.

9-10. Endelocrinus tumidus Strimple 278
Basal and posterior views of partial crown, hypotype UNSM

7984; X 3.2.

11-12. Exaetocrinus sp. cf. E. lustrum (Strimple) 257
Basal and side views of partial crown, hypotype UNSM 7974;

X 1.3.

13. Genus and species undetermined 289
Holdfast and portion of stalk, UNSM 10025; X 2.

14-15. Halogetocrlnus paucus (Strimple) 263
Posterior and basal views of hypotype, UNSM 7937; X 3.
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Explanation of Plate 33

Pennsylvanian crinoids

Figure Page

1-3. Graffhamicrinus graphicus (Moore and Plummer) 271
Basal, posterior, and ventral views of hypotype, UNSM 8002;

X 1.3.

4-5. Graffhamicrinus stullensis (Strimple) 272
Posterior and dorsal views of hypotype, UNSM 7990; X 1-3.

6-8. Delocrinus sp 267
Basal, ventral, and posterior views of hypotype, UNSM 7981;

X 1.3.

9-11. Graffhamicrinus sp. cf. G. magnificus (Strimple) 270
Posterior, summit, and basal views of hypotype, UNSM 7975;

X 1.3.

12-14. Athlocrinus placidus Moore and Plummer 285
Posterior, ventral, and dorsal views of hypotype, UNSM 7939;

X 2.3.

15-17. Delocrinus hemisphericus (Shumard) 263
Posterior, ventral, and dorsal views of hypotype, UNSM 7933;

X 2.

18. Scytalocrinus sp 289
Anterior view of disturbed crown, hypotype, UNSM 10030;

X 1.5.
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Explanation of Plate 34

Pennsylvanian crinoids

Figure Page

1-4. Plaxocrinus parilis Moore and Plummer 283
Posterior, anterior, dorsal and ventral views of hypotype,

UNSM 7940; X 3.

5-7. Galateacrinus gossamer! Pabian and Strimple, new species ... 286
BC interray, CD interray and basal views of holotype, UNSM

7976; X 3.

8-11. Graffhamicrinus tetraspinosus Pabian and Strimple,
new species 269

Posterior, anterior, basal, and summit views of paratype,

UNSM 10022; X 1.4.

12-14. Endelocrinus cf. allegheniensis (Burke) 279
Posterior, basal, and summit views of hypotype, UNSM 10024;

X 3.
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Explanation of Plate 35

Pennsylvanian crinoids

Figure Page

1-4. Bathronocrinus wolfriverensis Pabian and Strimple,
new species 281

Anterior, basal, posterior, and summit views of holotype,

UNSM 7972; X 1-3.

5-7. Pyndaxocrlnus gerdesi Pabian and Strimple, new species 274
Posterior, anterior, and basal views of holotype, UNSM 7987;

X 1.3.

8-9. Graffham icrinus tetraspinosus Pabian and Strimple,
new species 269

Basal and DE interray views of holotype crown, UNSM 8068;

X 1.3.

10-12. Delocrinus vulgatus Moore and Plummer 266
Basal, summit, and posterior views of hypotype, UNSM 8001

;

X 1.3.

13-15. Sciadiocrinus humilis Strimple 284
Summit, basal, and posterior views of hypotype, UNSM 10026;

X 1.3.
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Explanation of Plate 36

Pennsylvanian crinoids

Figure Page

1-3. Neocatacrinus protensus (Moore and Plummer) 261

Basal, ventral, and posterior views of hypotype, UNSM 10027;

X 3.

4-5. Plaxocrinus gloukosensis Strimple 283
Ventral and dorsal views of hypotype, UNSM 7938; X 1-3.

6. Pyndaxocrinus gerdesi Pabian and Strimple, new species 274
Ventral view of holotype, UNSM 7987; X 1-3. (See also PI. 4,

figs. 5-7.)

7-8. Parethelocrinus plattsburgensis (Strimple) 285
Summit and basal views of hypotype, UNSM 7977; X 1-3.
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Explanation of Plate 37

Pennsylvanian crinoids

Figure Page

1-3. Libratocrinus mediator (Strimple) 258
Dorsal, ventral, and posterior views of hypotype, UNSM 7941;

X 2.5.

4-5. Endelocrinus tumidus spinosus Strimple 279
Posterior, and basal views of hypotype, UNSM 7935; X 2.5.

6-8. Delocrinus paucinodus (Moore and Plummer) 265
Posterior, ventral, and dorsal views of hypotype, UNSM 7971;

X 2.5.

9-11. Graffhamicrinus subcoronatus (Moore and Plummer) 271
Posterior, dorsal, and ventral views of hypotype, UNSM 7965;

X 2.5.
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Explanation of Plate 38

Pennsylvanian-Permian crinoids

Figure Page

1-2. Halogetocrinus boellstorffae Pabian and Strimple,

new species 310
Posterior and anterior views of holotype, UNSM 7993; X 10.

Permian.

3-5. Apographiocrinus virgilicus Pabian and Strimple,
new species 276

Posterior, basal, and ventral views of holotype, UNSM 7978;

X 3. Pennsylvanian.

6-8. Apographiocrinus calycinus Moore and Plummet 276
Posterior, anterior, and ventral views of hypotype, UNSM

7936; X + Pennsylvanian.

9. Microcarinocrinus twenhofeli (Moore) 306
DE interray of hypotype crown, SUI 3 5534; X 3. Permian.

10-11. Parerisocrinus obovatus (Moore and Plummer) 259
Posterior and ventral views of hypotype, UNSM 7929; X 2.

Pennsylvanian.

12-15. Arrectocrinus comminutus Pabian and Strimple,
new species 273

Posterior, dorsal, anterior, and ventral views of holotype,

UNSM 7986; X 1-3. Pennsylvanian.
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Explanation of Plate 39

Permian crinoids

Figure Page

1-3. Genus and species undetermined 314
Basal, side, and summit views of holdfast, SUI 35535; X 2.3.

4-5. Delocrinus admirensis Strimple 305
Ventral and dorsal views of hypotype, SUI 32950; X 1-5.

6-8. Microcaracrinus twenhofeli (Moore) 306
Summit, basal, and posterior views of hypotype, UNSM 7614;

X 3.

9-11. Nebraskacrinus tourteloti Moore 295
DE interray view of hypotype crown, UNSM 9617; X 1-3. 10.

Anterior view showing anal sac of hypotype SUI 35533; X
1.5. 11. Anterior view of crown, hypotype, UNSM 9619; X 2.
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Explanation of Plate 40

Permian crinoids

Figure Page

1-3. Contocrinus sp. cf. C. scopulus (Lane and Webster) 312
Ventral, basal, and posterior views of hypotype, UNSM 9607;

X 3.

4-5. Elibatocrinus sp. cf. E. elongatus Webster and Lane 308
Anterior and posterior views of hypotype, SUI 35537; X 1+-

6. Delocrlnus admirensis Strimple 305
Posterior view of hypotype, SUI 32950; X 1-4. (See also PI. 39,

figs. 4, 5.)

7. Delocrinus vastus Lane and Webster 303
DE interray view of hypotype crown, UNSM 10015; X 1-3.

8. Nebraskacrinus tourteloti Moore 295
Posterior view of hypotype, UNSM 9618; X 1-4-.
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Explanation of Plate 41

Permian crinoids

Figure Page

1-3. Graffhamicrinus sp. cf. G. waughi (Moore and Strimple) 302
Ventral, posterior and dorsal views of hypotype, UNSM 9611;

X 1.3.

4-7. Graffhamicrinus boellstorffi Pabian and Strimple,
new species 300

Ventral, posterior, BC interray views of holotype, UNSM 7992;

X 2.

8-10. Brabeocrinus cuneatus (Lane and Webster) 298
Posterior, ventral, and dorsal views of hypotype crown, OU

2735; X 2.

11-12. Subarrectocrinus perexcavatus (Moore and Plummer) 305
Ventral and natural cross section views of partial cup, hypotype
UNSM; X 1.5.
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