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PREFACE

A symposium on “The Atokan Series and Its Boundaries” was held in
Norman, Oklahoma, on March 29, 1982, at the annual meeting of the
Geological Society of America, South-Central Section. Prior to the sym-
posium, a two-day field trip visited the type area for the Atokan Series in
southern Oklahoma, an area not previously visited on a formal field trip
(see OGS Guidebook 20). Fourteen invited papers were presented at the
symposium by speakers from both the United States and Canada, and these
papers, after revision by the authors, form the volume here published.

By the late 1940’s the main divisions of the Midcontinent Pennsylvanian
System had emerged as the Morrowan, Atokan, Desmoinesian, Missourian,
and Virgilian Series. In this system, only the usage of the term Atokan has
been controversial. Thus, one of the purposes of the Norman symposium and
the field trip was to examine both the biostratigraphic and lithostratigraph-
ic bases of the Atokan Series in its type region in Oklahoma. In addition,
the symposium provided the occasion for the presentation of papers on im-
portant sequences of the same age in various parts of North America and
for discussions of Early and Middle Pennsylvanian chronostratigraphic ter-
minology as used throughout the continent.

At the conclusion of the symposium, participants and members of the au-
dience were invited to make statements regarding the papers presented and
the Atokan Series in general. These comments and those that they gener-
ated were tape recorded and are published at the end of this volume.

A general conclusion of the symposium, apparently agreed upon by all, is
that the next step in stabilizing Pennsylvanian chronostratigraphic
nomenclature and stratigraphic procedure on a continent-wide basis is to
work toward the selection of boundary stratotypes both for the Pennsylva-
nian System and for its various series. It is hoped that the publication of
this symposium on the Atokan Series will provide an impetus for the de-
scription by many investigators across the continent of detailed Pennsylva-
nian faunal sequences based, where possible, on several fossil groups. Such
faunal sequences, in stratigraphic intervals where deposition may have been
nearly continuous, would provide the best basis for eventual and careful
selection of boundary stratotypes in the Pennsylvanian System.

This symposium was an outgrowth of our work on upper Morrowan-lower
Atokan biostratigraphy over the past few years. We acknowledge major
funding of that research by the National Science Foundation (Grant EAR-
7926336). We thank John Lance, Program Director, Stratigraphy and
Paleontology Division, for his support and encouragement of our research
efforts. We also thank Charles J. Mankin, Director of the Oklahoma Geolog-
ical Survey, for his interest in our work and his willingness to publish this
volume. The high quality of this publication is a tribute to the efforts of
William D. Rose, editor for the Oklahoma Geological Survey.

Patrick K. SUTHERLAND
WaLTER L. MANGER
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THE ATOKAN SERIES:
AN INTERVAL IN SEARCH OF A NAME

Patrick K. SUTHERLAND! and WALTER L. MANGER?®

Abstract—Earlier refinement of Pennsylvanian fusulinid zonation equated the Midcontinent
Morrowan Series with the Zone of Millerella and the Desmoinesian Series with the Zone of Fusulina.
The intervening interval, representing the Zones of Profusulinella and Fusulinella, had been
variously termed Bendian, Lampasan, or Derryan, but confusion and inaccuracy surrounded
application of these names and recognition of their boundaries. Thus, the Midcontinent name
Atokan was proposed as a subdivision of the fusulinid zonation, with only incidental concern given
to relations in the type region. Further study and development of biostratigraphic zonations based
on other taxa have identified inadequacies with the Atokan Series as originally proposed. A gap
exists at the base of the series in its type area owing to an unconformable relationship between the
Atoka Formation and the underlying Wapanucka Limestone, which was specifically excluded from
the Atokan Series. The top of the Atokan Series in its type area apparently overlaps the Des-
moinesian Series, based on the occurrence of the fusulinid Beedeina. We propose as working
definitions that the appearance of the conodont Diplognathodus and the foraminifer Eoschubertella
be taken to mark the base of the Atokan Series, and the appearance of Beedeina be taken to mark the
base of the Desmoinesian Series. Abandonment of the term Atokan in favor of some new name is
unlikely as well as undesirable. Boundary stratotypes are needed, however, to resolve the several

remaining problems affecting recognition and correlation of the Atokan.

INTRODUCTION

The two-decade period from 1930 to 1950 wit-
nessed an intensive effort to synthesize existing
knowledge pertaining to the whole of North Amer-
ican Phanerozoic stratigraphy. Cocrdination of
the project was the responsibility of the Com-
mittee on Stratigraphy, formed in 1932 by the
National Research Council of the National
Academy of Science. The committee was charged
with producing a series of correlation charts for all
geologic periods, to replace the U.S. Geological
Survey Correlation Papers that were then nearly
50 years old. Synthesis of stratigraphic data
gained further impetus about this time from a
codification of stratigraphic principles and prac-
tices (Ashley and others, 1933). Rising recognition
of the success of regional and intercontinental cor-
relations based on biostratigraphic zones and nar-
rowly defined marker species led quickly to es-
tablishment of a formal chronostratigraphic
hierarchy to serve as the framework for each
correlation chart.

Studies of the Carboniferous System figured
prominently in the lithostratigraphic and
chronostratigraphic synthesis of the mid-20th
century. Subcommittees for the Mississippian and
Pennsylvanian were organized by the Committee

! School of Geology and Geophysics, The University of
Oklahoma, Norman, Oklahoma.

2 Department of Geology and University Museum, Uni-
versity of Arkansas, Fayetteville, Arkansas. .

on Stratigraphy, and in 1939 the American
Association of Petroleum Geologists formed its
own Carboniferous Subcommittee of the Com-
mittee on Geologic Names and Correlations. Re-
ports on the Pennsylvanian System resulting from
the deliberations of these subcommittees were
published by Moore and others (1944) and Cheney
and others (1945). In addition, many papers deal-
ing with classification and subdivision of the
Pennsylvanian appeared during the same period
(for example, Harlton, 1934, 1938; Cheney, 1940;
Thompson, 1942; Spivey and Roberts, 1946).
Together, these studies led to the chronostrati-
graphic framework for the Pennsylvanian System
that exists today.

A MIDCONTINENT STANDARD

Traditionally, the type Pennsylvanian has been
regarded as those strata exposed in the coal fields
of central and western Pennsylvania, although
the first appearance of the name was in a report on
the geology of northern Arkansas (Williams,
1891). The main divisions of the Appalachian
Pennsylvanian (ascending order) are the Potts-
ville, Allegheny, Conemaugh, and Monongahela
Series. However, these units were used principal-
ly in a lithostratigraphic sense, as groups or super-
groups with boundaries placed at arbitrarily des-
ignated coals or limestones traceable presumably
throughout most or all of the Appalachian Basin.
Terrigenous strata, much of it of continental ori-
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gin, punctuated by unconformities, dominate the
Pennsylvanian section in its type region.
Biostratigraphic control, where available, was
and is based almost entirely on megaflora. The
inability to effect widespread correlation of the
Appalachian-based standard focused attention,
particularly during the second quarter of this cen-
tury, on the Midcontinent Pennsylvanian record.
There, the better development of fossiliferous
marine zones, in addition to some floras, plus ex-
tensive stratigraphic and biostratigraphic study,
provided a firm basis for continental and in-
tercontinental correlations. In addition, Penn-
sylvanian strata of the Midcontinent serve as im-
portant reservoirs for petroleum, and thus these
strata received the detailed attention of many
geologists during that period. Publications on
lithostratigraphy, surface/subsurface correla-
tions, and chronostratigraphic subdivisions
appeared almost monthly in journals, guidebooks,
and charts published during the 1930’s and 1940’s.
The amount of this literature, and the success in
correlating Midcontinent subdivisions on a re-
gional basis, mandated the replacement of an
Appalachian-based, standard chronostratigraph-
ic framework with one from the Midcontinent. At
first, the Pennsylvanian in the Midcontinent was
divided into four series, and there was some ex-
perimentation in the use of different names. For
example, Moore (1933) proposed the use of Bend,
Des Moines, Pottawatomie, and Virgil. In later
papers, however, he and other authors most com-
monly used Morrowan, Desmoinesian, Mis-
sourian, and Virgilian (that is, Moore, 1937). In
these usages, the Atoka Formation was included
in the lower part of the Desmoinesian Series. The
first use of five series was proposed by Cheney
(1940), and by the late 1940’s the main divisions of
the Midcontinent Pennsylvanian had emerged as
the Morrowan, Atokan, Desmoinesian, Mis-
sourian, and Virgilian Series. In this system, only
the usage of Atokan has been controversial and
unsettled.

HISTORICAL DEVELOPMENT
OF THE ATOKAN SERIES

At least four names have been applied to the
post-Morrowan and pre-Desmoinesian interval of
the Pennsylvanian System: Bendian, Lampasan,
Derryan, and Atokan.

Bendian Series

The name Bend Series was originally proposed
by the Texas Geological Survey (Dumble, 1890)
for a lithostratigraphic unit that comprises beds
now referred to the Barnett Shale (=lower Bend
Shale), Marble Falls Limestone, and Smithwick
Shale (ascending order). Inclusion of the Barnett
Shale, now known to represent a Meramecian—

early Chesterian age, in the Bendian confused
correlation of the interval. Attempts to restrict the
Bendian to the Marble Falls and Smithwick, and
thus to the Pennsylvanian System, were ignored.
Subsequently, Harlton (1934), in a study of the
Carboniferous strata in southeastern and south-
ern Oklahoma, proposed the Bendian as a sepa-
rate system between the Mississippian and a re-
stricted Pennsylvanian. It included the entire
Stanley—Jackfork—Johns Valley sequence in the
Ouachitas and the Springer-Lester sequence in
the Ardmore Basin. The Bendian was said to in-
clude all post-Chesterian and pre-Desmoinesian
strata, but Harlton placed the Atoka Formation in
the Desmoinesian Series. Later, Harlton (1938)
subdivided this Bendian system into two series,
the Pushmataha (below) and the Morrowan, and
maintained his placement of the Atoka Formation
in the Desmoinesian Series. Harlton's proposals
did not receive support. Plummer (1945) and
Moore and Jeffords (1945), in papers completed in
1942 (R. M. Jeffords, written communication,
1983), used Morrowan for the Lower Marble Falls
Limestone and Bendian for the Upper Marble
Falls Limestone and Smithwick Formation. Yet
no more than a year later, Moore supported the
use of Lampasan in place of Bendian on the Penn-
sylvanian correlation chart (Moore and others,
1944). The term Bend has been used subsequently
as a group name for the Marble Falls Limestone
and Smithwick Shale in the Llano region of cen-
tral Texas (Cheney, 1947, Cheney and Goss,
1952), and it is still widely used in that manner in
the Texas subsurface.

Lampasan Series

Cheney (1940) proposed the name Lampasan for
the interval younger than the type Marble Falls
(=Morrowan in his usage) and older than the type
Strawn (=Desmoinesian), based on fusulinid cor-
relations. Although no specific type section was
proposed, the best outcrops were said to be those
near the village of Bend, central Texas, which had
been designated as type Bend by Dumble (1890).
The Lampasan Series was accepted for the Penn-
sylvanian correlation chart by Moore and others
(1944), where it was defined as being equivalent to
the Zone of Fusulinella.® Unfortunately, regional
correlations by Cheney (1940, 1947) and Cheney
and others (1945) confounded the interpretation of
the Lampasan in its type region. The details of this
confusion were reviewed by Turner (1957). Basi-
cally, the controversy revolved around Cheney’s
subsurface lithostratigraphic correlations. The
upper portion of the Lampasan in the subsurface,
as correlated by Cheney, included beds that are
clearly of Desmoinesian age, based on the occur-
rence of both Fusulina and Wedekindellina
(Thompson, 1942; Spivey and Roberts, 1946). The
lower Lampasan Series had been specifically de-
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fined to exclude all of the type Marble Falls, yet
Spivey and Roberts (1946) reported a significant
interval of post-Morrowan strata at the type sec-
tion of the Marble Falls that produced fusulinids
more advanced than Millerella. Those strata
would have been unassigned with further use of
Lampasan as originally defined. Cheney tried to
resolve these problems by dividing the Lampasan
into the Atoka and succeeding Kickapoo Creek
Stages (Cheney and Goss, 1952), but there was
little enthusiasm for the name after the proposal
of the Atokan Series.

Derryan Series

Thompson (1942) proposed the Derryan Series
for all rocks in extreme south-central New Mexico
that occur between the base of the Pennsylvanian
System and the Desmoinesian Series. There,
Pennsylvanian strata rest on the Devonian Per-
cha Shale, although Thompson stated further that
the series could be recognized by unspecified spe-
cies of Eoschubertella and Profusulinella and that
the Zone of Fusulinella was included in the upper
part. Thompson did not discuss the relationship of
the base of the Derryan to the Morrowan Series.
Moore and Thompson (1949) utilized the names
Derryan and Atokan interchangeably to desig-
nate the lowest stage of their proposed Oklan Ser-
ies, but the latter chronostratigraphic unit has
been ignored. Subsequently, the Derryan Series
has come to be equated with the Zones of Pro-
fusulinella and Fusulinella and as a synonym of
Atokan (Douglass, 1977). The use of Derryan has
been sporadic, and confined essentially to the
southwestern United States (for example, Web-
ster, 1969; Lane and Straka, 1974). Recent study
of the type Derryan by Lane and others (1972)
shows that Profusulinella does not occur through
the basal 15 feet. Instead, that interval is charac-
terized by Pseudostaffella, and the lowest occur-
rence of Eoschubertella is no more than 2 or 3 feet
above the base of the type section.* It should be
noted that neither the name Derryan nor any of
the formations proposed to define that series by
Thompson (1942) are utilized presently by the

3 Russell M. Jeffords, who was R. C. Moore’s research
assistant from 1940 to 1942, has kindly read this paper
and has made many helpful suggestions for clarifica-
tion, giving us the benefit of his historical perspective.
He was present during many of the deliberations sur-
rounding preparation of the Pennsylvanian correla-
tion chart (Moore and others, 1944). He states that the
correlation chart, as published, was based on a variety
of criteria. These particularly included regional un-
conformities, significant faunal “breaks,” and fossil
occurrences used most commonly as “marker species,”
such as Mesolobus striatus. He contends that the fusu-
linid “zonation,” which at the time was only at an
early stage of development, was adapted to and did not
precede recognition of the various series boundaries.

New Mexico Bureau of Mines and Mineral Re-
sources (Armstrong and others, 1979; Frank E.
Kottlowski, personal communication to Robert H.
Shaver, 1982).

Atokan Series

Spivey and Roberts (1946), in studying the Low-
er Pennsylvanian fusulinid sequence in central
Texas, proposed the name Atokan specifically to
include a post-Morrowan and pre-Desmoinesian
series represented by the post-Millerella and pre—
Fusulina-Wedekindellina portions of the fusuli-
nid zonation. This interval was characterized by
foraminifers more advanced than Millerella, and
included such forms as Pseudostaffella, Oza-
wainella, Profusulinella, and Fusulinella (Spivey
and Roberts, 1946, table 1). The authors sup-
pressed Lampasan as a series name for two rea-
sons. First, they reported fusiform fusulinids in
the type Marble Falls Limestone, which was
thought to be totally Morrowan and thus excluded
from the Lampasan (Cheney, 1940). Second, sub-
surface correlation of the Lampasan by Cheney
(1940) included the Caddo Pool and Parks Groups,
both of which contain Wedekindellina, according
to Spivey and Roberts, and were thus Desmoines-
ian. The older term Bendian was rejected by them
for the same reason: problems with subsurface
correlations of the Caddo Pool and Park Groups.
The term Derryanwasrejected because at its type
locality it “is only about 130 feet thick, whereas
the Atoka beds reach 7,000 feet in thickness”
(Spivey and Roberts, 1946, p. 186).

Alternatively, the Atokan was used as a stage
name by Moore and Thompson (1949) and by
Cheney and Goss (1952), but those proposals never
received widespread acceptance. We find it re-
markable that, with the proposal of the name Ato-
kan, use of the name Lampasan, selected for the
Pennsylvanian correlation chart and published
only 2 years earlier, ended without a single paper
being published in its defense.

4 Subsequent to the completion of this paper, Sutherland
and Manger (1984) had occasion to visit a new road-cut
exposure at the type Derryan on Interstate Highway
25, east of Derry, New Mexico. This new cut exposes
the unconformity between Pennsylvanian rocks and
the Devonian Percha Shale and a 2.5-foot exposure of a
previously covered shale lying below the described
base of the type Derryan. This Pennsylvanian shale
has produced a well-preserved late Morrowan
brachiopod fauna that includes Zia novamexicana
Sutherland and Harlow, Neochonetes? platynotus
(White), and Plicochonetes? cf. P. arkansanus
(Mather). This fauna occurs also in the La Pasada
Formation in northern New Mexico and in part in the
Kessler Limestone Member of the Bloyd Formation in
the type Morrowan of northwestern Arkansas. Thus,
the lower type Derryan of New Mexico overlaps the
type Morrowan of Arkansas and cannot be regarded as
the precise equivalent of the Atokan Series.



4 Sutherland and Manger

Conclusions

With increasing refinement of the fusulinid
zonation, and reliance on the Midcontinent Penn-
sylvanian standard, the Morrowan Series became
regarded as equivalent to the Zone of Millerella,
and the Desmoinesian Series was equated with
the Zone of Wedekindellina and Fusulina
(=Beedeina, after Douglass, 1977). Those restric-
tions left the interval of the Zones of Pro-
fusulinella and Fusulinella without a name. Con-
fusion and controversy surrounding the pre-
viously proposed terms Bendian, Lampasan, and
Derryan encouraged proposal of a new name, par-
ticularly one from the Midcontinent region. The
name Atokan was proposed as a subdivision of the
fusulinid zonation, with only incidental reference
given to relations in its type region. The rise of
detailed zonations that were based on taxa such as
conodonts, ammonoids, and brachiopods from oth-
er geologic provinces focused attention on the in-
adequacies of the Atokan Formation in its type
area as a chronostratigraphic standard. Yet the
name survived, and it becomes further ingrained
in the literature with each published study of the
Lower-Middle Pennsylvanian interval. It seems
pointless now to propose yet another term for the
interval. Instead, the challenge is to develop an
understanding of the Atokan as a series, to resolve
the controversy surrounding its recognition.

ATOKAN SERIES—PRESENT
UNDERSTANDING

Zachry and Sutherland (this volume) describe
the regional lithostratigraphic relationships of
the Atoka Formation in the Arkoma Basin. As a
consequence of advocating retention of the name
Atokan as a chronostratigraphic unit, some atten-
tion must be given to the biostratigraphic rela-
tions in the type region, regardless of how meager
those data may be. Much of the Atokan con-
troversy revolves around the designation of that
type area. Spivey and Roberts (1946, p. 185), in
proposing the Atokan Series, stated that “the Ato-
ka formation be elevated to Atoka series and de-
fined to include all the beds from the top of the
Wapanucka limestone, Morrowan series, to the
base of the Hartshorne sandstone, Des Moines ser-
ies.” Although transfer of lithostratigraphic units
to chronostratigraphic use is repudiated by mod-
ern stratigraphic practice, it has characterized
procedure in the past. In this case, that procedure
is complicated further because no type section was
designated in the original description of the Atoka
Formation by Taff and Adams (1900).

Atokan Type Area

That portion of the Arkoma Basin lying in
southeastern Oklahoma coincides precisely with

the area called the Choctaw Coal Field by Taff and
Adams (1900). This area extends from the town of
Atoka and the Arbuckle Mountains on the
southwest, to the Arkansas state line on the east.
It is bounded on the south by the front margin of
the Ouachita Mountains and on the north by the
Ozark Uplift and the Central Oklahoma Platform.
Taff described the geology and coal resources of
the southwestern and western part of this area
(McAlester—Lehigh Coal Field or Western Choc-
taw Coal Field) in 1899. The following year, Taff
and Adams (1900) described the eastern half of the
area (Eastern Choctaw Coal Field). In the first
paper, Taff named the coal-bearing formations,
including the Hartshorne Sandstone and higher
units. In the second paper, he and Adams named
the underlying Atoka Formation. The name was
based unquestionably on the town of Atoka, be-
cause Atoka County was not designated until
Oklahoma statehood in 1907. It is clear that,
although the Atoka Formation was named in a
report on the Eastern Choctaw Coal Field, Taff
had already studied and published on the area
around the town of Atoka. We therefore conclude
that one must start with the area that includes the
town of Atoka in evaluating the Atoka Formation
and the Atokan Series.

The town of Atoka is near the Choctaw Fault,
which marks the frontal Ouachita thrust belt. It is
obvious from the papers by both Taff (1899) and
Taff and Adams (1900) that they studied only the
geology of the Choctaw Coal Field. They made no
mention of rocks with the character of the Ouachi-
ta fold belt, and Taff did not describe any turbidite
formations in the central Ouachitas (south of the
Ti Valley Fault). Those formations were not de-
scribed until many years later, by other authors.
There is, also, no evidence that Atoka strata at or
near the town of Atoka include flysch sedimenta-
tion, as suggested by Shaver and Smith (1974).

The town of Atoka rests on that formation, but
few exposures occur near the town. Branson
(1962) stated that the area “in and near the north-
western corner of Atoka County . . . must serve as
type for the formation and series.” He added,
however, that “the area has not been studied, the
section has not been measured and no fossils have
been found there.” The area mentioned by Bran-
son, about 12 miles west of the town of Atcka,
serves no useful purpose as a reference, because
the rocks there are poorly exposed and cannot be
evaluated.

Most published biostratigraphic data from the
Atoka Formation in this region have come from
fossiliferous exposures in Coal and Pontotoc
Counties, particularlyinT.1S.and T. 1 N,,R. 7E.
and R. 8 E. This area extends northwestward from
Clarita for 6 to 12 miles, and begins about 18 miles
northwest of the town of Atoka (see Sutherland
and others, 1982, fig. 7). The part of this area that
lies just northwest of Clarita and includes the
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Goose Creek Valley was proposed by Strimple and
Watkins (1969) as the type for their Atokan Stage.
Sutheriand and Manger (1983), in a review of
problems concerning the Morrowan—Atokan
boundary, supported the designation of this area
as type for the Atokan Series, but included for
reference the exposures 2 to 4 miles farther west in
Pontotoc County, on Coal and Canyon Creeks
(Sutherland and others, 1982, fig. 7). The area
northwest of Clarita is considered the most signifi-
cant reference for the series because it contains
the only sequence of multiple fossil zones in the
Atoka Formation in the entire region.

Base of the Atokan Series
Northeastern Arbuckle Mountains

In the original description of the Atokan Series,
Spivey and Roberts (1946) specifically stated that
the series excluded the Wapanucka Limestone of
presumed Morrowan age. The Wapanucka—Atoka
contact is exposed in only two areas in the Arkoma
Basin, one on the eastern and northeastern flank
of the Arbuckle Mountains and one along the fron-
tal margin of the Ouachita Mountains. Un-
fortunately, Spivey and Roberts (1946) made no
reference as to which of those areas would serve to
establish Wapanucka age relations. The Wapa-
nucka Formation was named by Taff (1901) for the
town of Wapanucka, located in the first area at the
eastern margin of the Arbuckle Mountains. The
Wapanucka Formation underlies a regional un-
conformity at the base of the Atoka Formation
throughout this area and along the northeastern
flank of the Arbuckle Mountains. The regional
decrease in thickness of the Atoka, from the Atoka
town area northwestward to Clarita and beyond,
supports the interpretation of regional westward
transgression during early Atokan time. The
Wapanucka in the Wapanucka—Clarita area con-
sists of various fossiliferous, shallow-shelf carbon-
ates that Grayson (this volume) places in the
Idiognathoides convexus Zone, except for the
localities where the highest strata contain his
Neognathodus n. sp. A-Idiognathoides
ouachitensis assemblage. The I. convexus Zone
occurs throughout the Kessler Limestone Member
of the Bloyd Formation at the top of the type Mor-
rowan Series in northwestern Arkansas (Lane
and Straka, 1974). The N. n. sp. A-I. ouachitensis
assemblage is missing in northwestern Arkansas,
where it is believed to fall in the hiatus at the
regional unconformity that overlies the Kessler
and separates strata of Morrowan and Atokan age
in that area (Grayson, 1979).

The Atoka Formation on the northeastern flank
of the Arbuckle Mountains consists of interbedded
shales and sandstones, with rare thin limestones.
The total thickness of the formation north of Clar-
ita is about 3,000 feet (Archinal, 1979). Thompson

(1935a,1935b) described Pseudostaffella atokensis
and Profusulinella fittsi as occurring 100 feet
above the base of the Atoka Formation on a tribu-
tary of Goose Creek, northwest of Clarita. An in-
tensive search of the Goose Creek area (Suther-
land and others, 1982) failed to locate the P. fittsi
zone, or any other fusulinids, within the lowest
few hundred feet of the formation. The lowest
fusulinids found in this search in the type Atoka
Formation are a group of closely related species of
Fusulinella that include F. prolifica Thompson
and F. devexa Thompson (Douglass and Nestell,
this volume). This group occurs at several locali-
ties in this region and can be used as a basis for
correlation within the area. These forms occur in
the area north of Clarita and are about 400 feet
above the base of the formation; they indicate a
middle Atokan age.

Conodonts from the Atoka Formation north and
northwest of Clarita have been studied by
Grayson (this volume). Occurring in the lower
part of the formation and at the base in one local-
ity is an Idiognathoides marginodosus assem-
blage overlain by a Neognathodus atokaensis
assemblage. In the area north of Clarita, the base
of the N. atokaensis assemblage coincides approx-
imately with the occurrences of the fusulinid spe-
cies of the Fusulinella prolifica—F. devexa group
just mentioned (Grayson, this volume). Grayson
considers the I. marginodosus assemblage to indi-
cate a middle Atokan age for the lower part of the
formation in this area. It is Grayson’s interpreta-
tion that, in the area northwest of Clarita, the
unconformity between the Wapanucka and Atoka
Formations spans the upper part of the Morrowan
Neognathodus n. sp. A-Idiognathoides
ouachitensis interval and the whole of an Atokan
Idiognathodus n. sp.—Diplognathodus spp.
assemblage, as preserved in the frontal Ouachitas
(Grayson, this volume).

Frontal Ouachita Mountains

1t is impossible to evaluate Wapanucka—Atoka
relationships at the town of Atoka, because the
Wapanucka Limestone is cut out by faulting there
and for a distance of about 10 miles to the north
(for map, see Hendricks and others, 1947). Farther
to the northeast, beginning at Stringtown and ex-
tending almost continuously eastward to the Red
Oak area, the Wapanucka Limestone forms the
rather prominent “Limestone Ridge,” the first
prominent, steeply dipping fault ridge southeast
and south of the Choctaw Fault. Virtually all of
the descriptions in the literature of the Wapa-
nucka in the frontal Ouachitas refer to exposures
on some part of Limestone Ridge. However, Hen-
dricks and others (1947) mapped as many as four
additional thrust-faulted ridges, labeled as either
Wapanucka Limestone or Chickachoe Chert,
within 2 to 3 miles south of Limestone Ridge. The
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latter unit is a basinward facies of the Wapa-
nucka. Each successive ridge to the south exposes
a progressively deeper water facies, and dep-
ositional environments southward are considered
to range from those of outer-shelf (Limestone
Ridge) to slope deposits (Sutherland and Manger,
1979).

Grayson (1979) was the first to describe in detail
the stratigraphic sequences exposed on these se-
quential ridges, and he used conodonts as a basis
for correlating the diverse lithologic types. Mor-
rowan—Atokan deposition was apparently con-
tinuous in this area. The top of the Wapanucka in
the frontal Quachitas has been placed, in some
localities, at the top of the main Wapanucka Lime-
stone (Grayson’s member 2, 1979), as on Bandy
Creek, south of Wilburton, Oklahoma (Bowsher
and Johnson, 1968). In other localities, it has been
placed at the top of a higher sandstone-limestone
sequence (Grayson’s member 4, 1979) that occurs
above a middle shale of varying thickness. The
confusion results from lateral variations in the
upper member, from mostly limestone to all sand-
stone. Grayson (1980, p. 57) recorded that the
middle shale ranges in thickness from 11 to 288
feet, and can be characterized as a basin-
ward-thickening wedge. The upper sandstone—
limestone member varies from 5 to 160 feet, and
“the member is a basinward-thickening wedge
that thickens mostly owing to an increased im-
portance of quartz sandstone” (Grayson, 1980, p.
70). It seems likely that the lithostratigraphic re-
lationships would be better understood if the
name Wapanucka were restricted to main ridge-
forming limestone (Grayson’s member 2, 1979).
New names should be given to both the middle
shale member and the upper sandstone-limestone
member, the latter believed to be a lateral facies of
the basal Atoka “Spiro sand” in the subsurface of
the Arkoma Basin (Bowsher and Johnson, 1968).
We regard both intervals in the frontal Ouachitas
as representing portions of the Atoka Formation.

It is interesting to note that the most recent
biostratigraphic evidence indicates that the main
Wapanucka Limestone in the frontal Ouachitas is
Morrowan in age and that most or all of the upper
sandstone—limestone member is Atokan in age,
with the boundary most probably falling some-
where within the unfossiliferous middle shale
member. The main Wapanucka Limestone
(Grayson’s member 2, 1979) carries the Idiogna-
thoides convexus conodont fauna and, in its upper
part, the Neognathodus n. sp. A-Idiognathoides
ouachitensis assemblage of Grayson (this volume).
Identical relations exist in the type Wapanucka in
the eastern Arbuckle Mountains, although the
higher assemblage has been found at only a few
localities.

An arbitrary Atokan age is suggested for all or
most of the upper sandstone—limestone member,
based on the lowest occurrence of the foraminifer

Eoschubertella (Groves and Grayson, this volume)
and the occurrence of Grayson's (this volume)
Idiognathodus n. sp.-Diplognathodus spp. con-
odont assemblage.

Top of the Atokan Series

Biostratigraphic information is extremely lim-
ited for the upper part of the Atoka Formation
throughout the Arkoma Basin. A prolific forami-
niferal fauna, including Fusulinella euthusepta
Henbest, was described by Galloway and Ryniker
(1930) from 500 feet below the base of the Harts-
horne Sandstone, at a single locality near the
southern margin of the Arkoma Basin, 2.8 miles
southwest of Red Oak, Latimer County, Oklaho-
ma. In this area, the thickness of the Atoka
Formation exceeds 6,000 feet.

In the type Atoka area north of Clarita in the
northeastern Arbuckle Mountains, a single fossil
locality is known from the “Griley” limestone in
the upper part of the formation (Archinal, 1977,
1979; Archinal and others, 1982, Stop 4). This
locality yields Beedeina (Douglass and Nestell,
this volume). The occurrence of Beedeina indicates
overlap by some portion of the upper part of the
Atoka Formation, and consequently the Atokan
Series, with the Desmoinesian Series (see Shaver
and Smith, 1974; see Shaver, this volume, for dis-
cussion).

Conclusions

Exposures in the vicinity of Clarita, Oklahoma,
provide the only biostratigraphic data available
for the Atoka Formation in what can reasonably
be regarded as its type area. There, the Atoka
Formation rests unconformably on the Wapa-
nucka Limestone, which was specifically excluded
from the Atokan Series by Spivey and Roberts
(1946). The top of the Wapanucka Limestone con-
tains a Neognathodus n. sp. A-Idiognathoides
ouachitensis assemblage. This conodont assem-
blage succeeds an Idiognathoides convexus assem-
blage that is found also in the Kessler Limestone
of the type Morrowan Series. Both assemblages
are accorded a Morrowan age, but a gap at the
Morrowan—Atokan boundary exists as a result of
the Wapanucka—Atoka unconformity. The basal
type-Atoka strata yield an Idiognathoides margi-
nodosus assemblage that would be considered of
middle Atokan age elsewhere. The Neognathodus
n. sp. A-Idiognathoides ouachitensis assemblage
is succeeded by an Idiognathodus n. sp.—
Diplognathodus spp. assemblage that occurs with
the foraminifer Eoschubertella in beds that we
regard as representing the Atoka Formation in
the frontal Ouachita Mountains. We propose as a
working definition that the appearance of this
assemblage and Eoschubertella marks the base of
the Atokan Series, until a boundary stratotype is
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chosen to resolve the problem more precisely. It
should be noted that the traditional placement of
the Morrowan-Atokan boundary at the first
appearance of the fusiform fusulinid Pro-
fusulinella is not supported by relations in the
type area, and excludes a significant post-
Morrowan section from the Atokan Series.

The upper Atokan Series apparently overlaps
the Desmoinesian Series, based on the occurrence
of the fusulinid Beedeina in the “Griley” lime-
stone, but little refinement of relationships is
available from the type Atoka Formation.
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STRATIGRAPHY AND DEPOSITIONAL FRAMEWORK
OF THE ATOKA FORMATION (PENNSYLVANIAN)
ARKOMA BASIN OF ARKANSAS AND OKLAHOMA

Doy L. Zacury! and PaTrIcK K. SUTHERLAND?

Abstract—The Atokan Series is represented by strata assigned to the Atoka Formation in the
Arkoma Basin of Arkansas and Oklahoma. The Arkoma Basin is a peripheral foreland basin,
bounded on the south by the Ouachita Fold Belt and on the north by the Ozark Uplift and the
Central Oklahoma Platform.

The Atoka Formation crops out in a broad belt on the northern margin of the basin in the Ozark
region of Oklahoma and Arkansas, where it unconformably overlies Morrowan strata -of the
McCully (Oklahoma) and Bloyd (Arkansas) Formations. Atoka strata are also exposed along the
southern margin of the basin north of the Choctaw Fault, in Oklahoma, and in the frontal
Ouachitas south of this fault. In the southwestern part of the Arkoma Basin, west of the town of
Atoka, the underlying Wapanucka Limestone is truncated by pre-Atoka erosion against a
depositional high known as the Hunton Arch. Subsequent westward transgression on this surface
positioned successively younger Atokan strata unconformably above the Wapanucka Limestone
and older beds. This unconformity extends throughout the northern and central parts of the
Arkoma Basin, separating Atoka strata from the Wapanucka Limestone in Oklahoma and the
Bloyd Formation in Arkansas.

The Atoka Formation is overlain throughout the axial part of the Arkoma Basin by the
Hartshorne Sandstone and the McAlester Formation of Desmoinesian age. A pre-Desmoinesian
unconformity truncates Atoka strata adjacent to the Arbuckle Mountains, in the west, and along
the western margin of the Ozark Mountains, in northeastern Oklahoma.

The Atoka Formation ranges in thickness from a feather edge around the northern and western
margins of the basin, to more than 15,000 feet adjacent to the Quachita Fold Belt. Cyclic
progradation of deitas from the north and northeast formed a succession of sandstone and shale
units in Arkansas. Westward, in Oklahoma, the succession is dominated by shale.

The present-day Arkoma structural basin was, during Morrowan and early Atokan time, a
shallow shelf that lay immediately north of the deep Ouachita Trough. The area became a
depositional basin, beginning with deposition of the middle part of the Atoka Formation, by the

development of down-to-the-south growth faults.

INTRODUCTION

The Arkoma Basin is an elongate structural
trough that extends as a surface feature from the
Gulf Coastal Plain in central Arkansas westward
for 250 miles to the Arbuckle Mountains in south-
central Oklahoma (fig. 1). This structural basin
ranges from 20 to 50 miles in width. [t is bounded
to the north and northwest by the Ozark Uplift
and the Central Oklahoma Platform, respectively,
and to the south by the intensely deformed
Ouachita Fold Belt. The Arkoma Basin was dep-
ositionally part of the shelf that lay north of the
Ouachita Trough during Cambrian to Early Penn-
sylvanian time. This broad shelf also included the
southern part of the present-day Ozark Uplift.
Shallow-shelf conditions persisted during Mor-
rowan and early Atokan time, and the area did not
become a depositional basin until the beginning of

! Department of Geology, University of Arkansas,
Fayetteville, Arkansas.

2 School of Geology and Geophysics, The University of
Oklahoma, Norman, Oklahoma.

deposition of the middle part of the Atoka Forma-
tion, by the development of down-to-the-south
growth faults. The pre-Atoka Cambrian to Lower
Pennsylvanian strata in the Arkoma Basin are
approximately 5,000 feet thick and show little
southward thickening across the area.

The Atoka Formation, dominated by ter-
rigenous clastic beds, ranges in thickness from
300 to 500 feet along the northern margin of the
basin, adjacent to the Central Oklahoma Platform
and the Ozark Uplift. The formation thickens to
the south toward the frontal Ouachita Mountains
in Arkansas and Oklahoma, attaining a thickness
approaching 15,000 feet at the southern margin of
the basin (Berry and Trumbly, 1968).

The Atoka Formation is composed dominantly
of shale in Oklahoma. Thin, discontinuous units of
sandstone occur in the succession above a more
continuous basal sandstone unit. To the east, in
Arkansas, sandstone units are more prominent.
Many individual sandstone units are continuous
and can be traced across substantial parts of the
basin.
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Figure 1. Arkoma Basin of Arkansas and Oklahoma, and surrounding geologic provinces.

In Oklahoma, Atoka strata are exposed along
the northern margin of the basin adjacent to the
Ozark Uplift, and in athin belt immediately north
of the frontal Ouachitas along the southern mar-
gin of the basin (fig. 2). In the central part of the
basin, exposures occur in the core of several large
anticlinal structures. The Atoka outcrop belt is
more extensive in Arkansas. Exposures occur in
broad belts adjacent to the Ozark Uplift at the
northern margin of the basin and adjacent to the
frontal Ouachitas at the southern margin. The
outcrop belt is less continuous throughout the cen-
tral part of the basin, where Atoka beds are con-
cealed by belts of Desmoinesian strata.

The Atoka Formation was named by Taff and
Adams (1900) for a succession of shale with len-
ticula: sandstone units that underlies the Harts-
horne Sandstone. They designated no type section
or area, but the name comes from the town of
Atoka (fig. 2). Owen (1858) and Simonds (1891)
applied the name Millstone Grit Formation to an
interval of sandstone and shale widely exposed in
the Boston Mountains of Washington County,
Arkansas, north of the Arkoma Basin (fig. 2). Ul-
rich (1904) replaced the name Millstone Grit with
Winslow Formation, and Purdue (1907) de-
finitively mapped the Winslow Formation in the

Winslow Quadrangle of southern Washington
County. Croneis (1930) suggested that the Wins-
low Formation of northern Arkansas is con-
tinuous with the earlier named Atoka Formation
of south-central Oklahoma, and proposed that the
name Atoka be applied to the succession in
Arkansas.

STRATIGRAPHY
Relationships with Bounding Units

The Atoka Formation throughout most of the
Arkoma Basin is bounded below by rocks of Mor-
rowan age. Surface exposures of the boundary
occur on the southern margin of the Ozark Uplift
immediately north of the basin margin, and in the
frontal Ouachitas of Oklahoma immediately
south of the basin (fig. 2). In the Arkoma Basin,
the boundary is exposed along a narrow belt
through western Atoka and Coal Counties and
eastern Pontotoc County, adjacent to the Arbuckle
Mountains. On the Ozark Uplift, Atoka strata
overlie the Bloyd Formation of Arkansas and the
McCully Formation of eastern Oklahoma (fig. 3).
The Atoka Formation is underlain by the Wapa-
nucka Limestone in the frontal Ouachitas and in
the southwestern part of the Arkoma Basin.
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The Hartshorne Sandstone of Desmoinesian age
overlies the Atoka Formation throughout the cen-
tral and southern parts of the basin (fig. 3). The
Hartshorne is absent along the northern margin
of the basin, along the flank of the Ozarks in
Mayes County, Oklahoma (fig. 4), and adjacent to
the Arbuckle Mountains in south-central Oklaho-
ma, where strata of the overlying McAlester
Formation rest directly on the Atoka. In Arkan-
sas, Hartshorne strata are restricted to the central
part of the basin, and the Atoka to the north and
south is bounded above by the modern erosion
surface.

Northwestern Arkansas

The Atoka Formation overlies strata of the
Bloyd Formation (Morrowan) throughout the
northern part of the Arkoma Basin and on the
Ozark Uplift in places where the boundary is ex-
posed (fig. 4). The Bloyd Formation is composed
dominantly of shale, with an interval of in-
terbedded limestone and shale at its base, the
Brentwood Member, and a persistent limestone
unit at its top, the Kessler Limestone Member.
Purdue (1907) investigated this succession while
mapping the Winslow Quadrangle in extreme
western Arkansas. He named the Bloyd Forma-
tion, and defined the base of the Winslow Forma-

tion (Atoka) as the base of the first persistent
sandstone unit approximately 75 feet above the
top of the Kessler Limestone (fig. 4). The interval
between the Kessler Limestone and the base of the
Winslow (Atoka) is composed of shale with a thin,
discontinuous sandstone unit near the base. Pur-
due (1907) assigned this interval to the Bloyd
Formation, and Henbest (1962) named it the
Trace Creek Shale Member. However, the boun-
dary between the Trace Creek Shale and the over-
lying Atoka sandstone is gradational. Moreover,
Grayson and Sutherland (1977) provided bio-
stratigraphic evidence that indicates an Atokan
age for the Trace Creek Shale, and Sutheriand and
others (1978) reported physical evidence of a re-
gional unconformity at the base of the member in
western Arkansas and extreme eastern Oklaho-
ma. Zimbrick (1978) demonstrated that the Trace
Creek is a lateral facies of the lower part of the
Atoka Formation in Oklahoma. Sutherland and
Grayson (1978) proposed that the Trace Creek
Shale be assigned to the Atoka Formation.

The Kessler Limestone Member of the Bloyd
Formation is persistent throughout Washington
and western Madison Counties in western Arkan-
sas. East of central Madison County, the member
has not been recognized in the outcrop belt. In
most exposures, the Kessler ranges from 5 to 30
feet in thickness. Shale-pebble conglomerates are
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Figure 4. Cross sections A—B and C-D showing distribution of Atoka Formation and bounding units in Ozark region of
Arkansas and Oklahoma. Stippled area on map depicts outcrop pattern of Atoka Formation.
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common at the top of the unit. Southward toward
the Arkoma Basin, the unit thickens, is less con-
glomeratic, and is more persistent (Zachry, 1977).
The erratic thickness of the Kessler, and its com-
position in the Ozark region, support the place-
ment of a regional unconformity at the top of the
member.

The Kessler Limestone Member is recognized in
wells throughout the northern part of the Arkoma
Basin of western Arkansas. Strata directly overly-
ing the Kessler Limestone, and equivalent to the
Trace Creek Shale, have long been assigned to the
Atoka Formation by petroleum geologists. The
Kessler Limestone becomes sandy to the east and
southeast, and is difficult to recognize east of Pope
County, Arkansas. In this area, the Bloyd-Atoka
boundary cannot be readily differentiated. The
Kessler Limestone Member persists southward to
central Sebastian County in the central part of the
Arkoma Basin of western Arkansas (Haley and
Frezon, 1965). Its distribution in the southern part
of the basin is largely unknown.

Strata of the Atoka Formation are truncated
above by the modern erosion surface throughout
the Ozark region of northwestern Arkansas. The
formation is conformably overlain by the Des-
moinesian Hartshorne Sandstone to the south in
the Arkoma Basin.

Northeastern Oklahoma

The outcrop belt of the Atoka Formation ex-
tends westward from Arkansas into Adair and
Sequoyah Counties, Oklahoma, on the northern
margin of the Arkoma Basin, and thence north-
ward through Muskogee, Cherokee, Wagoner, and
Mayes Counties, along the western periphery of
the Ozark Uplift (fig. 4). The Atoka Formation
unconformably overlies the Morrowan McCully
Formation in Sequoyah and Muskogee Counties.
The erosion surface is irregular, incising and in
places truncating the uppermost Greenleaf Lake
Limestone Member (= Kessler Limestone Mem-
ber) of the McCully (Sutherland and Manger,
1979). Northward along the western border of the
Ozark Uplift, the unconformity regionally trun-
cates the Morrowan succession, and in central
Mayes County (T. 20 N.) the Atoka strata rest on
beds that are Mississippian in age.

The Atoka Formation at the northern margin of
the Arkoma Basin is overlain by strata of the
Desmoinesian Hartshorne Sandstone (fig. 4).
North of the basin margin adjacent to the Ozark
Uplift, the McAlester Formation directly overlies
the Atoka. A regional unconformity at the base of
the McAlester truncates the Atoka in northern
Mayes County (Sutherland and Manger, 1979).

Northeastern Arbuckle Mountains

The Arkoma Basin is terminated to the west
and southwest at the northeastern margin of the

Arbuckle Mountains (fig. 1). Atoka strata crop out
in a narrow belt that extends northwestward from
the frontal Ouachitas in Atoka County, along the
northeastern flank of the Arbuckle Mountains
(Aig. 5).

HUNTON

A ARcH ARKOMA BASIN

B

7000

McALESTER

HARTSHORNE

8000

5000

4000

3000

2000

1000

[}

Figure 5. Cross section A—B showing distribution and
stratigraphic relationships between Atoka Formation and
bounding units in northeastern Arbuckle Mountains sector
of Arkorna Basin. Stippled area on map depicts Atoka out-
crop beltin frontal Quachitas and in Arkoma Basin adjacent
to Hunton Arch.

The Atoka Formation is confined mostly to the
subsurface of the Arkoma Basin in northern Ato-
ka County. In this area, the formation is approx-
imately 8,000 feet thick (Bellis, 1961) and overlies
strata of the Wapanucka Formation. Des-
moinesian-age strata of the Hartshorne Sand-
stone overlie the Atoka. From northern Atoka
County westward and northwestward toward the
terminus of the Arkoma Basin adjacent to the
Arbuckle Mountains, the Atoka thins markedly
(fig. 5). North of Clarita in Coal County, at a dis-
tance of approximately 20 miles, the formation is
3,000 feet thick (Bellis, 1961). Thinning continues
to the northwest, and the Atoka is truncated with-
in a further 10 miles.

The contact between the Atoka and the underly-
ing Wapanucka Formation is gradational
throughout the extreme southern part of the
Arkoma Basin and in the frontal Ouachitas
(Lumsden and others, 1971; Berry and Trumbly,
1968). Westward toward the Arbuckle Mountains,
the boundary becomes an unconformity partially
truncating Wapanucka strata. Part of the west-
ward thinning of the Atoka Formation is attrib-
uted to onlap onto the erosional surface of the
Hunton Arch, a north-south positive feature dur-
ing Early and Middle Pennsylvanian time that
predated the main folding of the Arbuckle Moun-
tains (Sutherland and others, 1982).
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The Hartshorne Sandstone conformably over-
lies the Atoka throughout most of the Arkoma
Basin. However, in the western part of the basin
adjacent to the Arbuckles, the boundary is an un-
conformity, and the Hartshorne thins and be-
comes absent owing to onlap onto the Hunton
Arch. Hartshorne strata have been mapped as far
west as western Coal County (Archinal, 1977).
Westward from the terminus of the Hartshorne,
the Atoka is overlain by beds of the McAlester
Formation, and an unconformity at the base of the
McAlester regionally truncates the Atoka Forma-
tion in central Pontotoc County (fig. 5).

Frontal Ouachitas

The Arkoma Basin is bounded to the south by
the frontal Ouachita province of the Ouachita
Fold Belt (fig. 1). The boundary between the basin
and the frontal zone is normally defined as the
trace of the Choctaw Fault in Oklahoma and its
eastward projection into Arkansas. The Choctaw
Fault is a high-angle thrust fault with a south-
dipping fault plane that developed from com-
pressive stress related to the Ouachita Orogeny.
The sedimentary succession that crops out on the
southern, upthrown side of the fault is similar
stratigraphically to the succession found at depth
on the northern, downthrown side.

The Atoka Formation in the frontal zone over-
lies strata of the Wapanucka Formation in Okla-
homa. The boundary is gradational, and carbon-
ate units at the top of the Wapanucka are in-
terbedded with a sandstone unit that is assigned
to the base of the Atoka Formation (Spiro Sand-
stone) north of the fault in the Arkoma Basin
(Grayson, 1979, 1980). The Wapanucka Forma-
tion in the eastern Arbuckle area is entirely of
Morrowan age and is separated from the Atoka
Formation by an unconformity. Biostratigraphic
studies by Grayson (1979, 1980) indicate that the
upper part of the Wapanucka in the frontal zone is
Atokan in age, but Sutherland and Manger (this
volume) consider this highest unit (Grayson’s up-
per sandstone—limestone member, 1979) to be part
of the Atoka Formation.

North of the Choctaw Fault in Oklahoma, the
base of the Atoka Formation has been penetrated
at depths exceeding 12,000 feet. The boundary is
conventionally chosen below a basal Atoka sand-
stone unit and above limestone units of the Wapa-
nucka Formation. In the Wilburton Field of
Latimer County, immediately north of the Choc-
taw Fault, the boundary between the basal Atoka
sandstone and the underlying Wapanucka is gra-
dational (Berry and Trumbly, 1968). Lumsden
and others (1971), in their study of the Spiro or
basal Atoka sandstone in the Arkoma Basin, con-
cluded that the Wapanucka—-Atoka boundary in
the southern part of the basin is gradational.
These investigators suggested that sedimentation

during Morrowan through Atokan time was con-
tinuous in the southernmost part of the Arkoma
Basin of Oklahoma, in contrast to the central and
northern parts of the basin and adjacent shelves
where sedimentation was interrupted and the
Morrowan—Atokan boundary is characterized by
an unconformity.

The Atoka Formation in the frontal Ouachita
Mountains of Arkansas overlies strata of the deep-
water Johns Valley Formation. Few wells have
penetrated the formation in the Arkoma Basin
adjacent to the frontal zone, and the pre-Atoka
succession in this area is largely unknown. In
southern Sebastian County, adjacent to the Okla-
homa border (T. 5 N.), the Atoka Formation over-
lies strata believed to correlate with the Bloyd
Formation. The boundary appears to be consistent
with the conformable nature of the boundary in
the southern part of the basin in Oklahoma.

The Atoka Formation is the highest unit stra-
tigraphically in the frontal zone of Arkansas and
Oklahoma. The Desmoinesian Hartshorne Sand-
stone conformably overlies the Atoka in the Arko-
ma Basin.

Stratigraphic Framework

The Atoka Formation of the Arkoma Basinisa
complex terrigenous deposit that accumulated
prior to and during the development of a peripher-
al foreland basin associated with the Ouachita
Fold Belt. The distribution and character of the
various detrital rocks were controlled by the
volume of sediments supplied to the region, the
geographic positions where sediment entered the
area, and the tectonic activity that accompanied
sedimentation.

Morrowan strata in the region are composed of
limestone, shale, and sandstone units that
accumulated in various shallow-shelf environ-
ments, adjacent to the deep Ouachita Trough im-
mediately to the south. Shelf conditions persisted
to the southern margin of the present-day structu-
ral basin in Oklahoma, and to positions near the
margin in Arkansas. The thickness of the Morrow-
an succession ranges to several hundred feet and
is essentially constant throughout the basin.

The Atoka Formation within the basin is in-
formally divided into lower, middle, and upper
intervals for discussion purposes (fig. 6). The in-
tervals conform closely to the lower, middle, and
upper intervals described by Buchanan and John-
son (1968).

The lower unit ranges in thickness from 900 feet
adjacent to the northern margin of the basin, to
approximately 2,000 feet near the southern mar-
gin. In Arkansas and extreme eastern Oklahoma,
the interval is composed of multiple sandstone
units separated by shale units. Individual sand-
stone units range from 20 to 200 feet in thickness,
and are continuous throughout the northern and
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Figure 6. North—south section across Arkoma Basin of Arkansas depicting pattern of growth faulting that controlled
sedimentation during accumutation of middle part of Atoka Formation in southern part of basin.

central parts of the basin. A general increase in
unit thickness occurs to the east in Arkansas, and
shale intervals are thinner. Sandstones of the low-
er interval thin in the southern part of the basin
and except for the basal unit, pass into shale.
The lower Atoka of Oklahoma is characterized
by a widespread basal sand, the Spiro Sandstone,
overlain by shale. The multiple sand succession of
Arkansas is absent in Oklahoma. Pre-Spiro chan-
nel systems (Foster sand trends) are cut into the
underlying Morrowan succession and contain
elongate sand bodies that trend southeastward
across the northern and central parts of the basin
(Lumsden and others, 1971). These elongate sand
bodies are vertically continuous with the overly-
ing Spiro blanket sand. In the absence of correlat-
able sand units above the Spiro in Oklahoma, the
upper boundary of the lower Atoka interval occurs
within a shale succession and is poorly defined.
The middle Atoka unit of Arkansas and Oklaho-
ma is confined to the southern part of the basin. [t
is composed of laterally discontinuous sandstone
units, ranging to 100 feet in thickness, that are
separated by thick intervals of shale in western
Arkansas. The unit thickens from approximately
1,200 feetinT. 7 N. to more than 10,000 feetin T. 4
N. (Buchanan and Johnson, 1968). Increments of
thickening occur successively on the downthrown
sides of large, east- and northeast-trending nor-
mal faults, in a stepwise fashion from north to
south (fig. 6). The relationship of the faults to

southward thickening within the terrigenous
clastic deposit indicates that faulting was con-
temporaneous with sedimentation. Buchanan and
Johnson (1968) suggested that faulting began in
the south, focusing the site of earliest middle Ato-
ka deposition. Later development of east-trending
faults successively to the north controlled the
accumulation of younger sediments within the
middle Atoka wedge. Middle Atoka strata are
very thin to the north of T. 7 N. in Arkansas.
The middle Atoka interval in Arkansas is com-
posed dominantly of shale, but many sandstone
units occur within the succession. South of T. 7 N.
in western Arkansas, sandstone units in the lower
part of the middle Atoka interval range to 15 feet
in thickness and occur in groups of four to eight
sandstone units. The units are separated by thick
intervals of shale. In the middle and upper part of
the interval, individual sandstone units range to
50 feet in thickness and also occur in discrete
groups of several units. The continuity of the units
or the groups in which they occur is difficult to
evaluate because well control is poor. However,
they do not appear to have the continuity shown
by units within the lower Atoka interval. The
thickness, lack of continuity, and inferred grain-
size profiles suggest that the middle Atoka sands
initially were deposited at the distal margin of
active submarine-fan systems. Thicker sands
higher in the section may reflect sedimentation in
more proximal positions on the fan surface.
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The middle Atoka interval in Oklahoma is com-
posed dominantly of shale, with few major sand-
stone units. The interval conforms to the middle
Atoka pattern in Arkansas, being confined to the
southern part of the basin and displaying thicken-
ing trends related to east-trending normal faults.
A major sand unit within this interval, the Red
Oak sandstone, is a significant producer of natural
gas. The Red Oak is confined to the south side of
the San Bois Fault. Vedros and Visher (1979) sug-
gested, from an analysis of sedimentary struc-
tures and sand unit geometry, that the Red Oak
accumulated in a submarine-fan environment
supplied with sediment from submarine canyons
cut into the scarp of an active growth fault to the
north. The Fanshawe sandstone, a unit that
occurs higher in the middle Atoka interval, was
also interpreted as a submarine-fan deposit.

The upper Atoka interval in the Arkoma Basin
of Arkansas is composed of sandstone units
alternating with thick intervals of shale. The unit
displays a pattern of gradual thickening to the
south, and is present from the northern margin of
the basin southward. Individual sandstone units
are among the units of greatest continuity in the
basin. Large normal faults that cut the middle
Atoka interval are buried by upper Atoka strata,
indicating a cessation of fault activity (Buchanan
and Johnson, 1968).

The upper Atoka interval of Oklahoma is com-
posed of shale with thin, discontinuous sands, and
conforms to the pattern of thickening displayed by
the upper Atoka unit in Arkansas.

DEPOSITIONAL HISTORY

Lower Atoka strata in the Arkoma Basin
accumulated in a shallow-shelf setting not unlike
the setting of earlier Morrowan sedimentation.
Deposition was continuous from Morrowan to Ato-
kan time on the southern part of the shelfin Okla-
homa and probably in Arkansas. Widespread Ato-
ka sedimentation was initiated by northward
transgression of Atokan seas across an erosion
surface cut on Morrowan strata. The basal Spiro
Sandstone (including the Foster sands) accumu-
lated in pre-transgression channel systems and in
widespread coastal sand complexes to form a
blanket-sand unit at the base of the formation.
Multiple sand units above the basal sand thicken
eastward in Arkansas and are absent in Oklaho-
ma, suggesting that the dominant sediment sup-
ply entered the basin from the northeast and north
in Arkansas. High, destructive cratonic deltas
that prograded southward across a shelf charac-
terized by little subsidence formed widespread but
thin sand units in delta and delta-related environ-
ments. Progradation was interrupted by periodic
northward transgressions, bringing open-shelf
environments to the Arkoma Basin area and form-
ing shale units. Distal to the major sediment

source, the shelf in Oklahoma was a site of shale
accumulation. Thin, calcareous sand units were
deposited in shoreface environments in the west-
ern part of the area adjacent to the Arbuckle
Mountains.

The lower Atoka shelf was subjected to tension-
al stress during the deposition of the middle Ato-
ka, and large, east- and northeast-trending nor-
mal faults developed in a stepwise fashion from
south to north. Large volumes of sediment by-
passed the northern shelf areas and accumulated
on the downthrown sides of active faults, forming
the middle Atoka clastic wedge.

In Arkansas, proximal to the northeastern
source, submarine-fan systems delivered sand to
deep-water environments. Distal to the source, in
Oklahoma, rates of sedimentation were lower, and
submarine scarps developed along the faults. Sub-
marine canyons transferred sand, brought west-
ward by littoral drift, to the base of the fault
scarps, constructing submarine fans.

Upper Atoka strata were deposited after the.
cessation of normal faulting that produced the
great structural relief and thick sediment fill
characteristic of the southern Arkoma Basin.
Sandstone units within the upper Atoka of Arkan-
sas are related to the progradation of deltaic sys-
tems southward across a muddy, open shelf. Peri-
odic regional transgressions interrupted deltation
and spread open-shelf conditions across the basin,
forming the shale units. Sediment supply re-
mained high, but subsidence slowed, allowing del-
taic sands to be moved laterally into strand-plain
and coastal sand environments. This redistribu-
tion of sand allowed for the development of sand-
stone units with great lateral continuity during
progradation.
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FUSULINIDS OF THE ATOKA FORMATICON
LOWER-MIDDLE PENNSYLVANIAN
SOUTH-CENTRAL OKLAHOMA

RaymonDd C. DoucLass! and MERLYND K. NESTELL?

Abstract—Fusulinids are found in several zones in rocks of early Middle Pennsylvanian age in
the Atoka Formation in the northeastern Arbuckle Mountains, west and northwest of Clarita,
Oklahoma. Qutcrops are poor, and generally the calcareous beds that yield fusulinids are thin
and discontinuous. The limestones are mostly detrital and contain a high percentage of organic
clasts; the fusulinids tend to be abraded or broken. Both the Profusulinella and the Fusulinella
Assemblage Zones of the Atokan Provincial Series are present, including forms from early
Profusulinella through advanced Fusulinella. Millerella and other small Foraminifera also are
present. The fauna appears to be related more to faunas of the Illinois and Appalachian Basins
than to those of the southwestern United States. New species described herein include Eostaffella
clarita, Profusulinella millcreekensis, and Fusulinella barnettensis from Atokan beds, and Bee-
deina lewisi, Beedeina grileyi, and Wedekindellina praematura from the Desmoinesian beds.

INTRODUCTION

Early Middle Pennsylvanian (Atokan) fusuli-
nids were first described by Thompson (1935b)
from Coal County in southern Oklahoma. He de-
scribed three species of Fusulinella. Two species,
F. prolifica and F. oliviformis, are primitive forms
of Fusulinella. The third, F. fittsi, was later re-
ferred to Profusulinella Rauser-Chernoussova
and Beljaev (Thompson, 1948) and is the first spe-
cies of this genus to be so referred from North
America. These taxa were reported to have been
recovered from shales of the Atoka Formation in
the Clarita Anticline of the northeastern Arbuck-
le Mountains (fig. 1), northwest of Clarita in Coal
County. Waddell (1966a, 1966b) described two
species of Fusulinella of Atokan age from the near-
by Ardmore Basin in southern Oklahoma.

In this paper, we describe fusulinid faunas from
six measured sections of the Atoka Formation in
the northeastern Arbuckle Mountains. Two of the
six sections are in the Mill Creek Syncline south-
east of Sulphur, and the remaining sections are in
the area northwest of Clarita (see Sutherland,
1982). We also include the descriptions of Des-
moinesian forms from the Deese Formation and
from the so-called “Griley” limestone in the same
area. The exact stratigraphic position of the
“Griley” limestone has been the subject of some
controversy (Strimple and Watkins, 1969, p. 150).
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STRATIGRAPHIC SETTING
AND BIOSTRATIGRAPHY

The Atoka Formation was named by Taff and
Adams (1900, p. 273). No type locality was des-
ignated. The Atoka Series was defined by Spivey
and Roberts (1946, p. 185) as “all the beds from the
top of the Wapanucka limestone, Morrow series, to
the base of the Hartshorne sandstone, Des Moines
series.” There has been some controversy regard-
ing the validity of the Atokan Series because there
seems to be no clear agreement on the base or top
of the Atoka Formation. Branson (1962, p. 439)
stated that, in the type area, provincial series and
formation boundaries are identical. Similar diffi-
culties exist regarding the exact definition of the
overlying Desmoinesian Provincial Series (San-
derson, 1981).

Insofar as fusulinid evidence is concerned, the
lower part of the Atokan Provincial Series is
assigned to the Profusulinella Assemblage Zone,
and the upper part is assigned to the Fusulinella
Assemblage Zone. The Atokan-Desmoinesian
boundary generally has been drawn beneath the
first appearance of Wedekindellina, Fusulina (or
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Figure 1. Map showing locations of figures 3-7.

Beedeina), and advanced Fusulinella (Douglass,
1977).

Fusulinid faunas of Atokan age are described or
known from numerous areas in North America
(Ross and Sabins, 1965; Thompson, 1936, 1947,
1948, 1953, 1966; Thompson and Zeller, 1956;
Thompson and others, 1959).

In Coal County, Oklahoma, Thompson (1935a,
1935b) described Profusulinella fittsi and
Pseudostaffella atokensis from approximately 100
feet above the base of the Atoka Formation, and
Fusulinella prolifica and F. oliviformis from

Douglass and Nestell

approximately 200 feet above the base. The exact
localities from which the specimens of Pro-
fusulinella fittsi, described by Thompson, were
obtained have not been relocated, despite in-
tensive searches (P. K. Sutherland, personal com-
munication, 1982).

Waddell (1966b) described Fusulinella vacua
and F. dakotensis from the Bostwick Con-
glomerate Member of the Lake Murray Formation
in the Ardmore Basin, Oklahoma. He assigned an
Atokan age to his Fusulinid Zone I, which in-
cluded the Bostwick and part of the overlying
shale. He placed the base of the Desmoinesian
Provincial Series at the base of the overlying Les-
ter Member of the Lake Murray Formation, on the
basis of the lowest occurrence of the genera Fusu-
lina (Beedeina of current usage) and Wedekindel-
lina. Waddell (1966b, p. 21) considered Fusu-
linella vacua Waddell and F: dakotensis Thomp-
son to be more advanced than F. prolifica.

In our collections, the fusulinids from two mea-
sured sections (MS), the Lewis Ranch and the
Pipeline Trench, appear to span the Atokan in-
terval (fig. 2). The oldest species, Profusulinella
millcreekensisn. sp., a primitive form of the genus,
occurs 4 m above the Wapanucka Limestone in the
Pipeline Trench section, from unit 283-13 (Grubbs
and others, 1982). This zone is correlated with unit
284-24 of Grubbs (1981), in the Lewis Ranch sec-
tion. The first fusiform fusulinid found in the
Lewis Ranch section was Fusulinella sp. aff. F.
devexa Thompson. This form is in units 284-27,

LOCALITIES
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Figure 2. Distribution of fusulinids in Clarita—Mill Creek area of south-central Oklahoma.
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284-31, 284-39, and 284-43. Fusulinella sp. aff. F.
leyi Thompson occurs in unit 284-54. These forms
occur in thin, sandy limestones, which are crinoi-
dal packstones and wackestones. The fusulinids
are commonly abraded and broken.

Grubbs (1981) took unit 284-61, a limestone-
cobble conglomerate approximately 159 m above
the top of the Wapanucka Limestone, to mark the
Atokan—Desmoinesian boundary. We agree with
this conclusion because primitive forms of Bee-
deina and Wedekindellina occur in unit 284-62, a
thin limestone immediately overlying this con-
glomerate. We have described these forms as Bee-
deina lewisin. sp. and Wedekindellina praematura
n. sp. Pseudostaffella sp. aff. P. atokensis (Thomp-
son) also occurs in this fauna. '

Species of Fusulinella found in the Canyon
Creek, Coal Creek, South Goose Creek, and South
Jack Hills Syncline sections are shown in figure 2
in their relative stratigraphic positions with re-
spect to the Lewis Ranch and Pipeline Trench
sections.

Age of the invertebrate fauna from the so-called
“Griley” limestone locality (Archinal, 1981;
Archinal and others, 1982, p. 28) has been the
subject of some controversy. Strimple and Wat-
kins (1969, p. 150) considered the crinoids to be
early Desmoinesian. However, fusulinid material
sent by them to Thompson and to Wilde for
identification was referred to Profusulinella. The
washed residues of the shales at this locality have
abundant small fusulinids and rare larger forms.
We are describing the larger form as Beedeina
grileyi. The smaller forms appear to be juvenile
forms of Beedeina and, in the absence of the larger
form, could easily be mistaken for Profusulinella.
On the basis of the presence of Beedeina, we con-
sider these shales to be Desmoinesian. Additional
fusulinids were found in collections made after the
first reviews of this paper. The top of the exposed
shale unit, and loose limestone pieces lying on the
shale, contain rare fusulinids. Both Beedeina and
Fusulinella are present.

Correlation of the Lewis Ranch section with the
Eastern Interior Basin of Illinois, Indiana, and
western Kentucky shows some interesting differ-
ences and similarities. Through most of the basin,
the older beds either are not present or contain no
fusulinids. Beds that contain Profusulinella are
known from Kentucky and Indiana, and beds with
Fusulinella are more widespread. Profusulinella
kentuckyensis was described from the Lead Creek
Limestone Member of the Tradewater Formation
in western Kentucky by Thompson and others
(1959), and was reported from the Mansfield
Formation in southern Indiana by Thompson and
Shaver (1964). The genus is recognized through
several meters of section in some wells in western
Kentucky (Douglass, 1979, p. 15). This interval
correlates with unit 24 of the Lewis Ranch section.

Faunas equivalent to those reported herein
from units 27 through 43 of the Lewis Ranch sec-
tion are not known from the Eastern Interior
Basin. The rocks between the Lead Creek Lime-
stone and Curlew Limestone Members of the
Tradewater Formation probably span the same
interval of time. Unit 284-54 of the Lewis Ranch
section correlates approximately with the type
Curlew in western Kentucky, with the Seville
Limestone Member of the Spoon Formation in
western Illinois, and with the Perth Limestone
Member of the Brazil Formation in northern In-
diana.

Unit 284-62 of the Deese Formation in the
Lewis Ranch section contains a fusulinid fauna
intermediate in age between that of the type Cur-
lew Limestone and Yeargins Limestone Members
of the Tradewater Formation in western Ken-
tucky. No equivalent fauna is known from Illinois,
but it would fall between the Seville Limestone
and “Curlew” Limestone Members of the Spoon
Formation.

LOCALITIES

South Jack Hills Syncline offset, MS 263 (fig. 3).
Ev%NWV,NWV,sec. 10, T. 1 S,, R. 8 E. The base of
the section is approximately 30 m north of a dirt
road near the base of the hill; the top is approx-
imately 15 m due north of the base. The section is
approximately 11 m thick. Illustrated fusulinids
are from unit 263-5, the limestone that forms the
top of the section. U.S. Geological Survey Forami-
nifera collection numbers are also shown in our
figures. See Archinal and others (1982, p. 26). The
map is from the north-center edge of the Wapa-
nucka North, Oklahoma, 7.5-minute topographic-
quadrangle map, 1969 edition.

South Goose Creek, MS 261 (fig. 4).
SWV.SWV:NEVssec. 19, T. 1 N, R. 8 E. The base of
the section is at the top of the Wapanucka Lime-
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Figure 3. Locality map of South Jack Hills Syncline section.
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Figure 4. Locality map of South Goose Creek section.

stone on the southeast side of Goose Creek, ap-
proximately 122 m south of where the Wapanucka
is cut by the creek; the top is on the crest of the
second prominent northwest-trending ridge in the
Jack Hills, due east of the base of the section. The
section is approximately 155 m thick. [llustrated
fusulinids are from unit 261-9, a limestone 0.5 m
thick and 17 m below the top of the section. See
Archinal (1977, p. 88). Figure 4 is a composite
from the southeast edge of the Harden City, Okla-
homa, and the southwest edge of the Tupelo, Okla-
homa, 7.5-minute topographic-quadrangle maps,
1966 editions.

Coal Creek, MS 274 (fig. 5). NWV.SEV.SEVY, sec.
15, T. 1 N.,R. 7T E. The base of the section is on the
east side of Coal Creek, approximately 90 m south
of a sharp bend in the creek, on a small, rounded
northwest-trending ridge of the Wapanucka
Limestone; the top is on the north side of the large
ridge cut by Coal Creek. The section is approx-
imately 144 m thick. Fusulinids were recovered
from units 274-15 and 274-17, located 98 and 100
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m, respectively, above the base of the formation.
See Archinal and others (1982, p. 22).

Canyon Creek, MS 275 (fig. 5). SEVAaSWV,NEY4
sec. 8, T. 1 N., R. 7 E. The base of the section is at
the top of the Wapanucka Limestone, on the creek;
the top is at the crest of a sandstone ridge at the
southwest end of the flood-control lake to the
northeast. The section is approximately 188 m
thick. Illustrated fusulinids were recovered from
units 275-18B and 275-18E, located 67 and 70 m,
respectively, above the base of the formation. See
Archinal and others (1982, p. 19). Figure 5 is from
the center of the Harden City, Oklahoma, 7.5-
minute topographic-quadrangle map, 1966 edi-
tion.

Pipeline Trench, MS 283 (fig. 6).
SWY.NWViNWssec.7,T.28S.,R. 5 E. This section
was exposed briefly while a sewer line was being
constructed. It was located one block west and on
the east side of the third block south of the in-
tersection of State Highway 12 and Main Street in
Mill Creek. Fusulinids were collected from unit
283-13, a thin limestone lens approximately 4 m
above the base of the formation. See Grubbs and
others (1982, p. 32).

Lewis Ranch, MS 284 (fig. 6). CNY.S% sec. 2, T.
2 S., R. 4 E. The base of the section is in the creek
bed at the base of the Wapanucka Limestone
approximately 0.6 km north of the east-west sec-
tion-line road and 2.7 km west of Mill Creek, Okla-
homa. The Atoka part of the section is approx-
imately 157 m thick, starting with unit 24. Sam-
ples 284-27, 284-31, 284-39, 284-43, and 284-54
are from thin limestones approximately 27, 38, 54,
69, and 123 m, respectively, above the base of the
Atoka Formation. The base of the Desmoinesian
Deese Formation is unit 284-61, a limestone-
cobble conglomerate approximately 158 m above
the base of the Atoka Formation. Unit 284-62 con-
tains a Desmoinesian fusulinid fauna. See Grubbs
and others (1982, p. 33). Figure 6 is from the
southwest corner of the Mill Creek, Oklahoma,
7.5-minute topographic-quadrangle map, 1978
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“Griley” limestone locality, unit 264-3 (fig. 7).
NEVNEV:NWY, sec. 28, T. 1 N, R. 8 E. The
“Griley” limestone is in a series of natural ravines
exposing about 2 m of calcareous clay shale, about
50 m south of the east—west section-line road. See
Archinal and others (1982, p. 28). Figure 7 is from
the west—center of the Tupelo, Oklahoma, 7.5-
minute topographic-quadrangle map, 1966 edi-
tion.

Figure 7. Map showing “Griley” limestone locality.

The U.S. Geological Survey collections were -

‘made by Lloyd Henbest and Mackenzie Gordon on
April 12, 1968, and were verified during the
present study.

USGS locality f13269. Thin, nodular limestone
of the Wapanucka Formation. The locality is adja-
cent to.the north side of the ranch road and a few
meters west of the gate from the section-line road
between secs. 2and 3, T.1S., R. 8 E. See figure 3.

USGS locality £13270. Steeply dipping lime-
stone in a sandstone sequence. The locality is a few
meters north of the section-line road, one-third of
the way up the hill, and 50 m east of the north—
south power line crossing the road. This limestone

is probably equivalent to unit 263-5 of the South’

Jack Hills Syncline section. See figure 3.
USGS locality f13271. Same location as f13270,
but from float beside the road.

SYSTEMATIC PALEONTOLOGY

Illustrated specimens are deposited in the
paleontological collections of the U.S. National
Museum (USNM), The University of Oklahoma
(QOU), and the University of Iowa (SUI). Measure-
ments are given in tables 1 and 2.

Genus Pseudostaffella Thompson, 1942
Pseudostaffella sp. aff. P. atokensis (Thomp-
son), 1935
Pl 1, figs. 1-7

Discussion.—Several specimens of Pseudostaf-
fella sp. were recognized in collection 284-62 from
the top of the Lewis Ranch section. They are all
more tightly coiled than P. needhami Thompson,
which is commonly found lower in many rocks of
early Middle Pennsylvanian age. The inner volu-
tions are at varying angles to the outer volutions,
and the axis may rotate throughout growth on
many of the specimens. They closely resemble P.
atokensis (Thompson). These forms were described
by Thompson (1935a) from several localities 100
and 200 feet above the base of the Atoka Forma-
tion in the area north and northwest of Clarita,
Coal County, Oklahoma.

Unit 284-62 is considered to be Desmoinesian in
age, based on the occurrence of Beedeina lewisi n.
sp. and Wedekindellina praematura n. sp.

Genus Eostaffella Rauser-Chernoussova, 1948
Eostaffella clarita Douglass and Nestell, n. sp.
Pl 1, figs. 8-15

Description.—Test minute, discoidal and plan-
ispiral in most specimens, but the early chambers
may be coiled at a small to great angle to the adult
test. Tests attain a diameter of about 0.9 mm in six
and one-half volutions but commonly develop only
five to five and one-half volutions with a diameter
0f 0.65 to 0.8 mm and an axial length 0of 0.4 to 0.45
mm. The first volutions are lenticular and slightly
umbilicate. Later volutions tend to develop a di-
amond shape, with subangular periphery and
nearly straight lateral slopes that may be either
slightly convex or slightly concave.

The proloculus is minute, measuring 32 microns
or less in the specimens seen. The spirotheca is
composed of a tectum with a thin, granular-
appearing layer on the inner surface and a thick-
er, similar layer on the outer surface. The wall is
unusually well preserved, for a staffellid; it does
not appear to be replaced or recrystallized (pl. 1,
fig. 12). The septa are numerous and closely
spaced, with 22 to 25 septa in the fifth volution.
They are straight across the middle of the test (pl.
1, fig. 14). The tunnel is typically straight and
narrow, occupying the peripheral area in each
volution. It is low, extending less than one-third
the chamber height, and is bordered by chomata
that tend to extend a short distance along the
lateral slopes.

Discussion.—Eostaffella clarita is an unusual
form, bearing little resemblance to previously de-
scribed species. It is a little like Nankinella plum-
meri Thompson (1947) in shape, but it has a much
smaller proloculus, is more tightly coiled, has
more pronounced chomata, and may have a differ-
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TABLE 1.—MEASUREMENTS FOR

Eostaffella clarita, Profusulinella millcreekensis,

AND Fusulinella barnettensis

TABLE 1

[Measurements in millimeters}

Eostaffella clarita i Profusulinella millcreekensis Fusulinella barnettensis
- Plate 1, fijpures Plate 1, figures Plate 3, [igures
5 i
- H .
S 8 9 10 11 12 15§ 16 18 20 22 1 2 3 4 5 6 7
E ;
= 1
biameter of .025  .025 .032 .019  .020 i .130 020 .080 110 .10 .065 .10 09 .07 .06 065
proloculus
1 .02 .03 .04 .03 .04 .04 | 1L .05 .08 .10 .04 .07 .09 .08 .07 .04 .06
2 .08 .07 .07 .06 .07 08 | .17 .10 14 17 L11 .10 .i& .11 .1l .08 .10
Radius 3 |.2 .12 .12 .10 .13 Ll .26 .15 .23 26 .18 .17 22 .20 .17 .14 .16
e 4 .8 .17 .19 .18 .23 18 § .39 .21 33 37 .26 .26 .33 .30 .25 .21 .24
vector 5 .32 .29 27 .36 .29 ) .29 43 7 .36 .47 .42 .37 .30 .35
6 .62 .40 .52 .50 .60 .56 .50 .42 .48
7 ; .68 .58 .62
1 .03 .02 .02 .02 .02 Ll14 .13 .12 14 09 .16 .14 11
dalf 2 1.05 .05 .05 .04 .06 -y .27 .26 .25 18 .34 .23 .17
o h 3 .10 .08 .10 .08 L1l ;.30 .46 .50 .53 .38 54 L34 .30
eng 4 1.5 .4 W17 .12 .17 P73 .68 .84 .75 .54 .78 .62 .64
5 |.26 .21 19 .22 : .90 1.04 .72 1.10 1.00 .98
6 . 1.66 1.10 1.40 1.40 1.45
7 ! 1.86 1.75 i 1.90
Tunnel 1115 [ 12 .03 .03 .03 .03 .04 .02 9 9 .oz
vidth 2 420 .15 200 .20 .20 i .08 17 .04 .07 .06 .05 .07 .03 13 12 .04
(axials) 3 130 .20 .30 .40 .30 13 | .14 20 .07 .14 .10 09 .12 .07 18 13 .07
o 4 .60 .60 .70 .40 16 | .18 .18 12 .17 .18 18 14 .12
septal 5 .50 20 | .36 20 .32 .32 23 20 .20
count 6 27 | .58 38 .48 23 .40
7 25
TaBLE 2.—MEASUREMENTS FOR Wedekindellina praematura, Fusulinella sp. A AND B,
Beedeina lewisi, AND B. grileyi
TABLE 2
[Measurements in millimeters]
~ Wedekindellina  Fusulinella _ fusulinella ; Beedeina lewisi Beedeina grileyi
§ . praematura spe A spe B i )
I Plate 4, figures . Plate 4, figs.: Plate 4. figs.] Plate 5, figures Plate 5, figures
3 13 18 220 7 9 1 12 b 2 4 3 6 9 10 127 13 14 17 18 19
. . i
Diameter of © .05 .065 .07 .07 i 10 .07 .045 .05 | .045 .06 .06 .07 .06 .09 .07 .09 .09 .09 .05
proloculus , ) ‘\
1 1 .05 .06 .06 .07 1 .i2 .09 05 .09 ) .05 .06 .06 .08 .05 .08 .07 .10 : .09 .08 .06 .04 .04
2, .09 .10 .1l .11 .20 .14 .08 .14 1 .08 .l .09 .14 .08 .13 .12 .15 .16 .13 .13 .07 .10
Radi 300 .12 a5 .6 W15 0 .32 .22 (20 .22 ¢ .13 .16 .14 .20 .13 .18 .19 .22, .25 .21 .22 .12 .17
s 4 1 .20 .21 .22 .20 0 .49 .35 .20 35 0.2 .21 .21 .31 .20 .27 .29 .31 . .36 .27 .33 .18 .26
ector 5 0.2 28 .34 .27 .29 | .28 .32 .30 .45 .28 .42 .42 L2 0 .46 .38 .47 .27 .39
6 .35 .37 .45 .34 | .40 |.38 .47 .42 .62 .38 .56 51 .62 .38
7o .43 I . .32 .38 .55 .52 .64 .49
i .09 .09 ©.15 L1l .06 . .06 .06 .07 .08 .07 12 .14 .05
2 18 .22 32 .20 L1l P11 L1l L4 .16 .13 .25 .28 .12
valf 300 .31 .33 L3 .39 .23 ;.22 .21 .21 .28 .19 AT Lah .24
e en PRSI L.92 .62 .42 ;.36 .32 .31 .49 .28 61 .84 .46
=08 S 1 .66 .88 i .63 v.55 .31 .45 .72 .43 1.14 1.30 .69
6 i .93 .35 i .94 ..76 .97 .38 T4 1.35 1.80 .07
7 .18 L 112 1.18 .80 1.72 1.48
I ! I
Tunnel 1. .025 .02 8 101 .05 .04 .01 7 1 .015 .0l4 .02 .02 .02 9 10 I 6 .02 .02
width 2 . .030 .03 1% 14 .10 .06 .03 13 | .02 .0621 .02 .04 .02 16 16 19 13 .05 .03 .02 12
(axials) 3, .045 .06 16 L9 L1l .04 6 040 .03 .07 .04 20 19 21 14 .07 .08 .03 13
or 4 ; .06 .08 19 26 .07 18 ¢ .07 .080 .05 .10 .08 22 24 33 16 .14 .i0 .07 19
septal 5 . .11 .12 23 22 .11 i .08 .114 .06 .14 .10 21 26 17 .16 .16 22
count 6 W12 : .18 {1y 120 .09 .18 30 210 .22
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ent wall structure. It also bears some resemblance
to Eostaffella ikensis Vissarionova (1948), but the
proloculus is consistently smaller and the choma-
ta better developed. The wall structure may be
about the same.

Occurrence—Eostaffella clarita is common in
sample f13269 from northwest of Clarita, Oklaho-
ma, where it is associated with fragments of bryo-
zoans, ‘ostracodes, echinoderms, and other shell
debris, in a grainstone with many fragments
coated with algae. Other foraminifers include en-
dothyrids, Tetrataxis sp. and Millerella sp. The

" specimen figured on plate 1, figure 8, is designated
the holotype. The locality is considered by Archin-
al (personal communication, 1982) to be part of the
Wapanucka Limestone.

Genus Profusulinella Rauser-Chernoussova and
Beljaev, 1936

Profusulinella millcreekensis Douglass and
Nestell, n. sp.
Pl 1, figs. 16-23

Description.—Small, thickly fusiform to ovoid
tests of as many as six volutions, attaining lengths
of 2 mm and diameters of 0.9 mm. The proloculi
seen are nearly 110 microns in outer diameter.
The first volution is at a large angle to the rest of
the test in some, but not all, specimens. The test
expands regularly and relatively rapidly, with
convex lateral slopes-and broadly rounded poles.
Septa are closely spaced and are irregularly fluted
to planar across the middle of the test. The tunnel
extends a little more than one-half the chamber
height, and is bordered by well-developed choma-
ta that tend to spread laterally along the adjacent
septa. The spirotheca is thin, composed of tectum
and diaphanotheca with a well-developed outer
tectorium in the inner volutions. Only hints of
mural pores are visible in the diaphanotheca of
some specimens.

Discussion.—Among most similar species, Pro-
fusulinella millcreekensis is more loosely coiled,
has closely spaced and slightly more fluted septa,
and has a larger proloculus than P. kentuckyensis
Thompson and Riggs. It is less-regularly shaped,
has a consistently larger proloculus, and has more
closely spaced and slightly more fluted septa than
P. whitetailensis Ross and Sabins.

Occurrence.—Lowermost sandstone of the Ato-
ka Formation above the Wapanucka Limestone in
the Pipeline Trench section of Grubbs (1981) in
Mill Creek, Johnston County, Oklahoma. The
sandstone has a calcareous cement and includes
various rounded, calcareous elements, including
fusulinids, crinoidal debris, and ooids, some con-
taining smaller foraminifers as a nucleus. R. Kent
Grubbs collection 283-13, January 1980. The
specimen illustrated on plate 1, figures 16 and 17,
is designated the holotype.

Profusulinella fittsi (Thompson), 1935
Pl 2, figs. 1-8

Fusulinella fittst Tnomeson, 1935b, p. 300, pl. 26, figs.
1-6.

Profusulinella fittsi (Thompson), 1953, pl. 41, figs. 13—
20.

Discussion.—Thompson’s original description
of this form was accompanied by illustrations of
whole specimens and of thick thin sections that
did not clearly show the nature of the spirotheca.
Thompson discussed a diaphanotheca and inner
tectorium that, combined, were slightly thicker
than the outer tectorium. Later, Thompson (1953)
had better thin sections from topotypes that clear-
ly reveal the typical three-layered wall character-
istic. of Profusulinella. All his specimens are
smaller than P. millcreekensis at the same num-
ber of volutions, and the chomata are consistently
broader in P. fittsi..

Occurrence.—P. fittsi was described originally
as coming from two localities in Coal County,
Oklahoma, each approximately 100 feet above the
base of the Atoka Formation. The primary local-
ity, from which all but one of Thompson’s figured
specimens came, is confused in that, as given (ex-
act center of NW¥,; sec. 10, T. 1 N, R. 8 E.), it is
located in the Desmoinesian about 3 miles north-
east of the base of the Atoka Formation. The local-
ity is also recorded as being “on the south bank of a
small tributary of Goose Creek” (Thompson, 1935,
p. 301). A possible location on a tributary of Goose
Creek and in the lower part of the Atoka Forma-
tion would be achieved if the location read "NWY4
sec. 19, T.1 N.,R.8 E.” Alternatively, a location in
the lower part of the Atoka Formation would also
be possible if the locality read “NW¥% sec. 10, T. 1
S.,R. 8 E.,” but such a location would not be on a
tributary of Goose Creek. In any case, intense
searching in these and other exposures in the low-
er part of the Atoka Formation in the region by
P. K. Sutherland (personal communication, 1982)
and his students has produced nooccurrences of P.
fittsi.

Thompson (1953) figured topotypes from the
first locality. The specimen illustrated by Thomp-
son (1935b) on his plate 26 as figure 3, SUI 810, is
here designated the lectotype and is shown herein
on plate 2 as figures 1 and 2.

Genus Fusulinella Moller, 1877
Fusulinella prolifica Thompson, 1935
Pl. 2, figs. 9-20-

Fusulinella prolifica Taompson, 1935b, p. 302, pl. 26, figs.
23-29.

Description.—Small, elongate fusiform with
straight to convex lateral slopes and bluntly
pointed to rounded poles. Mature specimens
attain five to seven volutions and are as much as
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2.7 mm long and 1.1 mm wide. Inner volutions
tend to be ovate, and the outer volutions elongate
rapidly, giving a subcylindrical shape in some
specimens. The proloculus ranges in outer diam-
eter from nearly 50 microns to 160 microns, but is
commonly about 100 microns. The spirotheca of
tectum and diaphanotheca is relatively thin
where it can be seen, but a thick outer tectorium is
common along the lateral slopes extending from
the chomata toward the poles. This gives the
appearance of a thick wall, except in the im-
mediate area of the tunnel. The specimens studied
by Thompson do not have the pore staining that is
common in many of the samples found in the im-
mediate area. The septa are nearly straight across
the middle of the test in all volutions, but are
irregularly fluted in-the outer volutions and near
the poles. The septa tend to be evenly spaced; as
many as about 20 septa are in the outer volutions.
The tunnel is nearly straight and extends only
about one-third the chamber height; its width in-
creases gradually through the inner three to four
volutions, but commonly increases rapidly in the
outermost volutions. The tunnel is bordered by
asymmetrical chomata that commonly blend im-
perceptibly with the outer tectorium on the lateral
slopes.

Discussion.—The description above is based
solely on the specimens that were available to
Thompson when he first described the species.
These specimens were studied for comparison
with subsequent collections made by L. G. Hen-
best, M. K. Nestell, and P. K. Sutherland and
students. Among these collections, specimens
from unit 263-5 are similar (pl. 2, figs. 16-20), and
those from unit 275-18E (pl. 2, figs. 13-15) also are
similar.

Occurrence.—Fusulinella prolifica was de-
scribed as coming from two localities north of
Clarita in Coal County, Oklahoma. The primary
locality, from which most of the specimens were
collected and from which our selected lectotype
came, was located, according to Thompson (1935b,
p. 303), “about 200 feet above the base of the Atoka
Formation in the center of the section line be-
tween secs. 2 and 3, T. 1 S., R. 8 E.” Thus, the
locality must have been in one of the section-line-
road ditches, but the distance north of the section
corner was not given. In 1960, C. C. Branson took
P. K. Sutherland (personal communication, 1982)
to the east ditch on this road, immediately in front
of the Stutte farmhouse (indicated by arrow
marked Z on fig. 3). They collected rare, loose
fusulinids from a thin, calcareous shale layerin an
otherwise unfossiliferous interval of thin sand-
stones and shales. Branson pronounced this to be
the type locality of Fusulinella prolifica, but the
specimens they collected there were not per-
manently preserved. This ditch is now covered,
and thus the type locality of F. prolifica cannot
now be reestablished with certainty.

The other specimens assigned to this species
were found at localities 263-5 (South Jack Hills
Syncline section) and 275-18E (Canyon Creek sec-
tion). The specimen numbered SUI 1004, and
illustrated by Thompson (1935b) as figure 28 on
hisplate 26, is here designated the lectotype and is
reillustrated as figure 9 on our plate 2.

Fusulinella barnettensis Douglass and Nestell,
n. sp.
Pl 3, figs. 1-9

Description.—Test relatively large for the
genus, attaining lengths of 4 mm and diameters of
1.5 mm in seven volutions. The shape starts out as
ovoidal, and remains fusiform to ovoid throughout
growth, The length increases regularly and a little
more rapidly than the diameter, giving an un-
usually regular appearance in axial section. The
proloculus in most specimens is 60 to 100 microns
in outside diameter, but microspheric forms are
present in which the proloculus is less than 20
microns in outer diameter.

Spirotheca is thin, composed of tectum and di-
aphanotheca with variable additions of inner and
outer tectoria. Tectoria are missing in places but
are thick in other areas of the same volution, the
outer tectorium exceeding the inner layers in com-
bined thickness. Preservation of some specimens
shows the porous nature of the wall structure in
the outer volutions (pl. 3, fig. 9). Septa are numer-
ous and evenly spaced. The outer whorls com-
monly contain 25 to 28 chambers per volution.
Septa are irregularly fluted to straight through-
out most of the test. The tunnel is straight to
irregular and widens rapidly. It extends one-third
to one-half the volution height, and may be four to
six times as wide as it is high in the outer volu-
tions. Chomata are high and asymmetrical, taper-
ing rapidly toward the poles.

Discussion.—Fusulinella barnettensis differs
from F. prolifica in being larger and more ovoid at
all volutions, in having more chambers per volu-
tion, especially in the adult whorls, and in having
greater regularity of form.

Occurrence—This species was collected by L. G.
Henbest from two localities, f13270 and 13271,
west of Barnett Hill, north of Clarita, Oklahoma.
Specimens are abundant in a calcarenite that is
rich in echinodermal debris and fragments of

‘bryozoans, brachiopods, and foraminifers. Abun-

dant millerellids also are present. The specimen
illustrated on plate 3, figure 1, is designated the
holotype.

Fusulinella sp. aff. F. devexa Thompson, 1948
Pl 3, figs. 10-19

Fusulinella devexa Trompson, 1948, p. 94, pl. 32. figs. 6,
10: pl. 35. figs. 1-15; pl. 36, figs. 7-10, 12—-17: Ross anD
Sasins, 1965. p. 186, pl. 24, figs. 13-22; Stewarr, 1970,
p. 43, pl. 4. figs. 1-3.
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Description.—Elongate fusiform, with nearly
straight axis of coiling and with lateral slopes that
are nearly straight, slightly concave, or slightly
convex. The inner volutions tend to be ovoid, but
the test elongates rapidly to the fusiform shape of
adult specimens. Adult specimens having six to
seven volutions are nearly 4 mm in length and 1.5
mm in diameter. The proloculus is small but quite
variable, ranging from about 60 to more than 130
microns in outer diameter. The spirotheca is com-
posed of tectum and diaphanotheca and has thin
inner and outer tectoria, except in the vicinity of
the septa. A fine, porous structure can be seen in
the diaphanotheca of the outer volutions of some
specimens. The septa are closely spaced and irreg-
ularly fluted, forming only irregular chamberlets
toward the poles in some specimens. A few small
septal pores are apparent in the outer volutions.
The tunnel is nearly straight and widens regular-
ly. It extends one-third to one-half the chamber
height, and is two to three times as wide as it is
high. Chomata are relatively small and asymmet-
rical, commonly two to three times as wide as they
are high.

Discussion.—F. devexa is a variable species. The
original group of specimens described by Thomp-
son shows some of the range of variation, from
very regularly coiled forms that have almost no
apparent septal fluting to less regular forms that
have considerable but irregular septal fluting.
The fusulinids from several beds within the Atoka
Formation fall within these limits, including
those in units 284-27 through 284-43 of the Lewis
Ranch section, 274-15 and 274-17 in the Coal
Creek section, and 275-18B in the Canyon Creek
section.

Occurrence—This species was described from
beds 24 and 26 of the “Cuchillo Negro Formation”
in southern New Mexico by Thompson (1948),
from the Horquilla Limestone in southeastern
Arizona by Ross and Sabins (1965), and from the
Joyita Hills in central New Mexico by Stewart
(1970). In Oklahoma, it is recognized in the col-
lections mentioned in the discussion above.

Fusulinella sp. aff. F. leyi Thompson, 1945
Pl. 4, figs. 1-6,

Fusulinella iowensis var. leyi Tnompson, 1945, p. 50, pl. 2,
figs. 15-25; pl. 3, figs. 16-21; pl. 5, fig. 6.

Description.—Small, inflated fusiform to sub-
globose, and especially globose in the microspher-
ic form. The inner volutions-are round to ovate; the
lateral slopes remain convex throughout on most
specimens, but do straighten or even become con-
cave on a few specimens. Specimens with six volu-
tions attain lengths of 2 mm and diameters of 1
mm. The proloculus of megalospheric forms
ranges from less than 60 to 100 microns in outer
diameter. The spirotheca is composed of tectum,
diaphanotheca, and variable amounts of tectoria.

Tectoria are quite thin between septa and may be
absent in places. Near the top and bottom of the
septa, the deposits may be thicker than the tectum
and diaphanotheca combined. Septa are closely
spaced and irregularly fluted throughout their
length. Megalospheric forms have more tightly
fluted septa than their microspheric counterparts.
The tunnel is not straight but is narrow and
meanders irregularly around the equatorial zone.
It extends about one-half the chamber height.
Chomata are well developed throughout and are
asymmetrical. In microspheric forms, the choma-
ta tend to be extended along the lateral slopes
more than they-are in the megalospheric forms.

Discussion.—This form resembles the group of
species that includes Fusulinella leyi, F. famula,
F. insolita, and F. iowensis. The specimens de-
scribed herein are smaller than those of any of
these species. Septa may be more fluted in these
specimens than in typical F. leyt, but they remain
irregular and relatively simple across the middle
of the test. Fluting is less intense than in Beedeina
lewisi n. sp., which occurs in the overlying Deese
Formation.

Occurrence.—These specimens are from unit
284-54 of the Lewis Ranch section and are from a
partly recrystallized crinoidal limestone contain-
ing some Komia, bryozoans, and small foraminif-
ers, including textularids, endothyrids, and Tetra-
taxis sp.

Fusulinella sp. A
Pl 4, figs. 7-10

Discussion.—Small, robust form with a form
ratio of 2 in four to four and one-half volutions
showing a rapid expansion in diameter similar to
that of Profusulinella primaeva (Skinner) (1931),
but possessing a distinct inner tectorium, indicat-
ing a more advanced stage of evolution. The inner
volutions of these species still have the pro-
fusulinellid wall, but the inner tectorium is
present in the outer two to three volutions. The
more elongate specimens in the sample show some
similarity to the more robust specimens of F. pro-
lifica, but the chomata are more discrete than in
the robust specimens of F. prolifica mentioned by
Thompson (1935Db).

Occurrence.—The specimens illustrated are
from unit 261-9B, South Goose Creek section.

Fusulinella sp. B
Pl 4, figs. 11, 12

Discussion.—Some specimens from unit 284-54,
near the top of the Lewis Ranch section, cannot be
assigned to Fusulinella sp. aff. F. leyi Thompson,
because they are more loosely coiled and have
widely spaced septa. They bear considerable re-
semblance to F. lounsberyi Thompson, but the ma-
terial available is not sufficent to make a signifi-
cant comparison.
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Occurrence.—These specimens are associated
with F. sp. aff. F. leyi in unit 284-54, near the top of
the Lewis Ranch section.

Genus Wedekindellina Dunbar and Henbest,
1933

Wedekindellina praematura Douglass and
Nestell, n. sp.
Pl 4, figs. 13-22

Description.—Small, fusiform test, elongating
regularly with each volution from the ovoid inner
whorl. The slopes are straight to slightly convex.
Proloculus is minute, measuring less than 80 mi-
crons in outer diameter. Spirotheca is thin, with a
tectum, diaphanotheca, and thin inner tectorium.
The outer tectorium is very thin in the tunnel
area, and on the slopes it is indistinguishable from
the polar extensions of the chomata. The septa are
closely spaced and essentially straight throughout
their length, having only minor undulations
toward the poles; they are thickened at the base by
secondary deposits. The tunnel is nearly straight
and narrow, and extends through most of the
height of the chambers. The chomata are asym-
metrical, rising sharply at the tunnel but tapering
gradually toward the poles.

Discussion.—W. praematura n. sp. is small for
the genus. It resembles W. prolifica Kanmera
{1954) in general shape but is only one-half its size
at the same number of volutions. It is smaller,
more fusiform, and has chomata that extend more
toward the poles than they do on most other spe-
cies of the genus, including W. euthysepta and W.
henbesti. It is about the same length as W. matura,
but is more fusiform and has chomata that are
more extended.

Occurrence.—W. praematura n. sp. was recog-
nized only in unit 284-62, from the top of the Lewis
Ranch section, where it is rare. The sample con-
tains abundant Beedeina lewisi n. sp. and rare
Pseudostaffella sp. aff. P. atokensis (Thompson).
The specimen illustrated on plate 4, figure 13, is
designated the holotype.

Genus Beedeina Galloway, 1933
Beedeina lewisi Douglass and Nestell, n. sp.
Pl. 5, figs. 1-12

Description.—Small, inflated fusiform, with
roundly pointed poles. The early volutions are
subrounded, but additional chambers are in-
creasingly elongate and the lateral slopes tend to
flatten out and become concave in some volutions.
Mature specimens with six to seven volutions
rarely exceed 2.5 mm in length and 1.25 mm in
diameter. Proloculus is small and round, attain-
ing 90 microns in outer diameter in some speci-
mens. The spirotheca is variable. Tectum and di-
aphanotheca are thin and well defined, but the
epithecal deposits range from almost no inner tec-

torium to a thick deposit, and from a thin outer
tectorium to deposits thicker than the tectum and
diaphanotheca combined. The septa are closely
spaced and fluted; intense fluting in the outer
volutions forms regular chamberlets extending to
the tunnel area. The tunnel is commonly straight
and narrow, but meanders a bit in many spec-
imens; it extends about one-half the height of the
chambers. Chomata are well developed, high, and
asymmetrical, with nearly straight inner slopes
and rounded to slightly elongated outer slopes,
especially in the inner volutions.

Discussion.—B. lewisi n. sp. is comparable to
Fusulina insolita Thompson (1948) and Fusu-
linella leyi Thompson (1945), especially in its in-
ner volutions, but B. lewisin. sp. has regularly and
intensely fluted septa, more discrete chomata, and
more concave lateral slopes, in the adult whorls. It
is also consistently smaller at the same number of
volutions. F. insolita also has a much larger pro-
loculus.

Occurrence..—Beedeina lewisi, from unit 284-62
in the Lewis Ranch section, is associated with rare
Wedekindellina praematuran. sp. and Pseudostaf-
fella sp. aff. P. atokensis (Thompson). The inner
volutions of many of the specimens are altered
through replacement, and the specimens in the
samples available are abraded. The specimen
illustrated on plate 5, figure 1, is designated the
holotype.

Beedeina grileyi Douglass and Nestell, n. sp.
Pl. 5, figs. 13-21

Description.—Small, elongate fusiform species
that expand regularly with little change in shape
from the inner to the outer volutions. Specimens
with six to six and one-half volutions attain
lengths of 3.5 mm and diameters of 1.2 mm. Pro-
loculus is small, averaging just less than 100 mi-
crons in outer diameter. Spirotheca is composed of
tectum, diaphanotheca, a thick outer tectorium,
and a thinner inner tectorium. Preservation in
this sample, however, reveals the porous nature of
the entire wall through iron-staining of the pore
infillings (pl. 5, figs. 15, 21). Septa are nearly
straight across the middle of the test in the early
volutions, but are irregularly fluted toward the
poles. They are irregularly and commonly in-
tensely fluted in the ocuter volutions, forming
chamberlets to the tunnel area. The tunnel is
nearly straight and quite narrow, bordered by cho-
mata that extend one-halfthe chamber height and
taper gradually to two to three times their height
along the lateral slopes.

Discussion.—B. grileyi n. sp. bears some re-
semblance to B. mutabilis (Waddell) (1966) but is
smaller, less inflated, and maintains a more regu-
lar shape throughout the ontogeny. it is about the
same size as B. plattensis (Thompson) (1936) and
B. sp. of Thompson (1936), but the chomata. are
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less elongate and the septal fluting is more regu-
lar in Thompson’s forms. The striking preserva-
tion of the porous wall in this sample is similar to
that illustrated by Skinner and Wilde (1954) from
the Mingus Shale Member of the Garner Forma-
tion in Parker County, Texas. Specimens from the
Atoka Formation in Coal County, Oklahoma,
show similar preservation.

Occurrence—B. grileyi n. sp. is found in the
shale of the “Griley” limestone at locality 264-3C,
in Coal County, Oklahoma. Associated with the
fusulinids are many other small fossils, including
a variety of smaller foraminifers, the ostracodes
Amphissites centronotus and Bairdia sp., and rare
conodonts. The specimen figured on plate 5, figure
14, is the holotype.
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Plate 1

Figs. 1-7.—Pseudostaffella sp. aii. P. atokensis (Thompson). Unit 284-62. top of Lewis Ranch section
of Grubbs (1981), x50, except fig. 2, x 20 (OU 9947-OU 9952).

Figs. 8-15.—Fostaffella clarita n. sp. 8, axial section of holotype, x 50 (USNM 337412); 9-13, axial
section of paratypes. x50 (USNM 337413-USNM 337417); 14, horizontal section of paratype
showing nature of chomata and straight septa. x 50 (USNM 337418); 15, subequatorial section of
paratype showing low tunnel and closely spaced septa, x50 (USNM 337419). Locality f13269,

Coal County, Oklahoma.

Figs. 16-23.—Profusulinella millcreekensis n. sp. 16, 17, axial section of holotype, x 20 and x50
(0U 9953); 18, 19, equatorial section of paratype, x 20 and x 50 (QU 9954); 20, 21, axial sections
of paratypes, x20 (OU 9955. OU 9956); 22. 23, axial section of paratype showing detail of
profusulinellid wall, x20 and x 80 (QOU 9957). Unit 283—13, Pipeline Trench section of Grubbs

(1981).
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Plate 2

Figs. 1-8 —Profusulinella fittsi (Thompson). 1, 2, axial section of lectotype, x 20 and x 50 (SUI810);
3-5, axial section of paralectotype showing typical profusulinellid wall, x50, x 80, and x 20 (SUI
806E); 6-8, axial section of topotype illustrated by Thompson (1953) showing typical pro-
fusulinellid wall, x 20, x50, and x80 (SUI 11210).

Figs. 9-20.—Fusulinella prolifica Thompson. 9, axial section of lectotype, X 20 (SUI 1004); 10, axial
section of paralectotype, x 20 (SUL1003); 11, equatorial section of paralectotype, X 20(SUT11001);
12, axial section of paralectotype, x20 (SUI 1009); 13-15, specimens from sample 275-18E,
Canyon Creek section, x 20 (OU 9958-0U 9960); 16-20, unit 263-5, South Jack Hills Syncline
section, x 20 (OU 9961-0U 9965).
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Plate 3

Figs. 1-9.—Fusulinella barnettensis n. sp. 1, axial section of holotype, x 20 (USNM 337420); 24,
axial sections of paratypes, x20 (USNM 337421-USNM 337423); 5, 6, equatorial sections of
paratypes, x20 (USNM 337424, USNM 337425); 1-6 from locality f13270. 7, axial section of
paratype, X 20 (USNM 337426); 8, 9, partial axial section of paratype showing unusual preserva-
tion of porous wall structure, x20 and x80 (USNM 337427); 7-9 from locality f13271.

Figs. 10-19.—Fusulinella sp. aff. F. devexa Thompson. 10, axial section of specimen from unit
274-17, Coal Creek section, x 20 (OU 9966); 11, 12, axial and equatorial sections of specimens
from unit 274-15, Coal Creek section, x20 (OU 9967, OU 9968); 13, axial section from unit
284-43C, x 20(0U 9969); 14, 15, axial sections from unit 284-39, x 20(0U 9970,0U 9971); 16,17,
axial section from unit 284-31, x 20 (OU 9972, OU 9973); 18, 19, axial and equatorial sections
from unit 284-27, x 20 (OU 9974, OU 9975). MS 284 = Lewis Ranch section; compare with fig. 2.
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Plate 4

Figs. 1-6.—Fusulinella sp. aff. F. leyi Thompson. 1-4, megalospheric specimens, x 20 (OU 9976-0U
9979); 5, 6, microspheric axial sections, x 20 (OU 9980, OU 9981). Unit 284-54, near top of Lewis
Ranch section.

Figs. 7-10.—Fusulinella sp. A. 7, 8, axial section, x 20 and x 50 (OU 9982); 9, 10, axial section, x 20
and x50 (OU 9983). Unit 261-9, top of South Goose Creek section.

Figs. 11, 12.—Fusulinellasp. B. 11, 12, axial and equatorial sections, x 20 (OU 9984, OU 9985). Unit
284-54, near top of Lewis Ranch section.

Figs. 13-22.—Wedekindellina praematura n. sp. 13, axial section of the holotype, x 20 (OU 9986);
14-17, axial sections of paratypes, x 20 (OU 9987-OU 9990); 18, equatorial section of paratype,
x 20 (OU 9991); 19, half of an axial section of paratype, x20 (OU 9992); 20, 21, tangential
sections of paratypes, x 20 (OU 9993, OU 9994); 22, equatorial section of paratype, x 20 (OU
9995). Unit 284-62, top of Lewis Ranch section.
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Plate 5

Figs. 1-12.—Beedeina lewisi n. sp. 1, partial axial section of the holotype, x 20 (OU 9996); 26, axial
sections of paratypes, x 20 (OU 9997-0U 10002); 7, tangential section of paratype showing closed
chamberlets near middle of test, x 20 (OU 10003); 8, axial section of paratype, x 20 (OU 10004);
9-12, equatorial sections of paratypes, x20 (OU 10005-0OU 10008). Unit 284-62, top of Lewis
Ranch section.

Figs. 13-21.—Beedeina grileyi n. sp. 13, near equatorial section of paratype, x 20 (OU 10009); 14,
15, axial section of holotype showing unusual preservation of porous wall, x20 and x 80 (OU
10010); 16-18, axial sections of paratypes, x20 (OU 10011-OU 10013); 19, near equatorial
section of a paratype, x 20 (OU 10014); 20, 21, tangential section of paratype showing unusual
preservation of porous wall, x 20 and x80 (OU 10015). “Griley” limestone locality, unit 264-3.
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MORROWAN AND ATOKAN (PENNSYLVANIAN)
CONODONTS FROM THE NORTHEASTERN MARGIN

OF THE ARBUCKLE MOUNTAINS
SOUTHERN OKLAHOMA

ROBERT C. GRAYSON, JR.!

Abstract—Two conodont assemblages, possibly biofacies, occur in the Wapanucka Formation.
The Idiognathoides convexus assemblage suggests correlation of the lower, major portion of the
Wapanucka Formation with the Kessler Limestone Member (latest Morrowan) of the type
Morrowan Bloyd Formation. The age significance of the succeeding Neognathodus n. sp. A-
Idiognathoides ouachitensis assemblage is a problem. Based on the present definition of the
Atokan series (Spivey and Roberts, 1946), occurrences of this assemblage in the Arbuckle
Wapanucka Formation are latest Morrowan in age.

The Atoka Formation conodont succession is similarly divided into two assemblages. The lower
Idiognathoides marginodosus n. sp. assemblage is marked by low abundances and diversity. The
succeeding Neognathodus atokaensis assemblage is distinguished by Neognathodus spp. and
relatively higher diversity and abundances of conodonts. Both assemblages are thought to be
middle Atokan in age and may possibly represent nearly synchronous biofacies.

Three autochthonous species of Neognathodus oceur in the Atoka Formation: N. n. sp. B, N.
atokaensis 1. sp., and N. bothrops Merrill. These closely related species and V. eognathodusn.sp. A
are older representatives of the Neognathodus lineage documented by Merrill (1972, 1975) for the
late Atokan and Desmoinesian. Seemingly, N. atokaensis n. sp. and not N. bassleri is the

ancestral species to N. bothrops.

INTRODUCTION

Conodont zonations have been proposed for
Lower and (or) Middle Pennsylvanian rocks by
several authors, including Lane (1967), Koike
(1967), Webster (1969), Dunn (1970b, 1976), Lane
and others (1971), Merrill (1972, 1975), Lane and
Straka (1974), Lane (1977), and Grayson (1979).
These zonation schemes differ in substantial de-
tails owing partly to varying species concepts, but
some significant differences are also due to differ-
ing faunal constituents and local ranges of taxa
(biofacies). These discrepancies, particularly for
coeval strata, reflect the local environmental con-
trols on the presence or absence of particular taxa,
diversity of taxa, and probably morphologic varia-
tion within taxa. Because these factors cannot cur-
rently be evaluated on a regional basis, and be-
cause a limited number of samples were examined
for this study, no formal zones are proposed. In
addition, the usage of assemblages does not mean
that they will be retained, except perhaps for local
correlation, as understanding of Pennsylvanian
conodont phylogenies, ranges, biofacies, and spe-
cies concepts stabilizes.

IDepartment of Geology, Baylor University, Waco,
Texas.

41

Acknowledgments

Bruce E. Archinal determined the basic
stratigraphic framework of the Atoka Formation
and assisted in the collection of samples. Patrick
K. Sutherland also aided in sample collection and
provided facilities at The University of Oklahoma
for extracting the conodonts. Walter L. Manger
and Patrick K. Sutherland critiqued the initial
manuscript. John F. Baesemann and Gary D.
Webster critically evaluated the manuscript and
offered helpful suggestions.

This project was initiated at The University of
Oklahoma and completed during a sabbatical
leave from Baylor University.

WAPANUCKA FORMATION
Stratigraphy

The Wapanucka Formation is exposed in three
geographically separate areas in Oklahoma: the
frontal Ouachita Mountains, the northeastern
flank of the Arbuckle Mountains, and the Mill
Creek Syncline in the central Arbuckle Moun-
tains. The formation ranges from 200 to 700 feet in
thickness and consists of a diversity of lithofacies
that are commonly repetitive both vertically and
laterally. The major carbonate facies include
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spiculiferous packstone, bioclastic and oolitic
grainstone or packstone, and algal carbonate
mudstone. Shale is an important constituent near
the base of the formation and in the middle portion
of the Ouachita Wapanucka. In the frontal
Ouachitas, a prominent marine sandstone facies
occurs in the upper part of the formation. In the
Ouachitas, Grayson (1979) subdivided the Wapa-
nucka into three informal lithologic members (fig.
1); these are, in ascending order: lower limestone,
middle shale, and upper sandstone-limestone. A
fourth unit, the Chickachoc Chert Member, is the
basinward facies of the lower Wapanucka. The
Arbuckle Wapanucka, including the Mill Creek

exposures, correlates biostratigraphically with
only the lower limestone member of the formation
in the frontal Ouachitas (fig. 1). The lithologies of
the formation in the Arbuckles are also rather
similar to those found in the lower limestone of the
frontal Ouachitas (Grayson, 1979). Both represent
shallowing-upward sequences punctuated by re-
versals, but lithologic types in the Arbuckle
Wapanucka represent mostly nearer shore and
shallower water deposits. Seemingly, shallowing
conditions led to subaerial exposure and erosion in
the Arbuckle Mountain area in latest Morrowan.
and earliest Atokan time, while more continuous
sedimentation occurred in the Ouachitas.

Z r4
Z|wld §ln |
E E % OUACHITA CONODONT ARBUCKLE Z E E
w1482 MouNTaiNs ASSEMBLAGE MOUNTAINs | & | |&
[Y2] 9 e v

N Neognathodus atokaensis g

- — J—— —_— —_— — 0O
b4 =
> ,9 — —— — | [dognarthoides marginodosus G.. Tl < >
S — — 4 e — - - - <
N B <
O ,
o /diognathodus n. sp.— <
Upper sandstone
limestone Diplognathodus spp.
Ne . sp A
= § Middle ognarfrodus n. sp. v
| 5] Mo g
Z g shale >
g g ) , , , <
> & Idiognathoides ouachitensis >
c>;i 2 Lo &
wer (%2]
Z ) Z
d limestone I <q Z
w {2 X1zl
a g | | S <;t a
, , Z
g Chickachoc I/diognathoides convexus [ | l <18
o Chert T g 8
z [ l z

=¢z_— b e e . e Dt e - I

St — — 3 ’ ? — —

- - — |%

oc

5P T ? i |

- — |
- R —_— —_— —_— pu—

Figure 1. Correlation of Wapanucka Formation in Ouachita Mountains with same formation in its type area on northeastern
and eastern flanks of Arbuckle Mountains, based on conodonts (modified from Grayson, 1979).
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Conodont Fauna

The Wapanucka conodont fauna obtained for
this study is based on 21 samples (table 1) from
four of Bruce E. Archinal’'s measured sections
(MS) on the northeastern and eastern flanks of the
Arbuckles (fig. 2). Two of the exposures (MS 260
and 262) represent only the upper part of the
formation at or near the contact with the overly-
ing Atoka Formation. The other two sequences
(MS 275 and 159) are nearly complete. MS 159is a
primary reference sequence for the Wapanucka
because it is in the type area of the formation near
the town of Wapanucka, Oklahoma. Sampled
zones and conodont correlations of the four ex-
posures are shown in figure 3. The conodont se-
quence in the Arbuckle Wapanucka is incomplete
relative to that of the Ouachita Wapanucka (fig.
1). At least one of Grayson’s conodont assemblages
and part or locally all of a second are missing in
the Arbuckles owing presumably to pre-Atoka
erosion.

The platform-conodont fauna of the Wapanucka
Formation from the Arbuckles exhibits relatively
low diversity, consisting of only nine form-species
assigned to five form-genera (table 1). The fauna is
numerically dominated by three platform species:
Idiognathoides corrugatus, Adetognathus lautus,
and Idiognathodus delicatus. Anchignathodus
minutus, Idiognathodus expansus, and Neog-
nathodus bassleri constitute a small but signifi-
cant component of the fauna. Two additional spe-
cies, Idiognathoides convexus and Idiognathoides
ouachitensis, appear to be useful for local and re-
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gional correlation. All but the uppermost 3 to 20
feet of the Wapanucka produces the Idiog-
nathoides convexus assemblage. Idiognathoides
convexus indicates correlation of the lower, major
portion of the Wapanucka with the Kessler Lime-
stone Member of the type Morrowan Bloyd Forma-
tion. The assemblage occurs also in the Jolliff
Limestone and unnamed unit 1 of the Golf Course
Formation.

The topmeost portion of the Wapanucka Forma-
tion yields the succeeding Neognathodus n. sp.
A-Idiognathoides ouachitensis assemblage (fig.
3). Although Neognathodus n. sp. A is not present
in the limited collections from the northeastern
Arbuckle Mountains, the occurrence of Idiog-
nathoides ouachitensis (Harlton) is diagnostic of
the assemblage (Grayson, 1979). The age signifi-
cance of this assemblage is a problem, although
occurrences of the assemblage in the Arbuckle
Wapanucka are Morrowan by definition (Spivey
and Roberts, 1946). Lane’s (1977) Neognathodus
n. sp. Zone is thought to be essentially equivalent
to the present assemblage. He shows his zone
(Lane, 1977, fig. 2) as spanning the Morrowan—
Atokan boundary but succeeding his Idiog-
nathoides convexus Zone. A similar sequential re-
lationship is present in the Wapanucka except for
Mill Creek, where the Neognathodus n. sp. A—
Idiognathoides ouachitensis assemblage occurs at
the base of the formation (Grubbs, 1982; Grubbs,
this volume). Either the Mill Creek exposures are
younger than the other sequences or the two
Wapanucka assemblages represent conodont
biofacies. The latter explanation is probably more

TaBLE 1.—PLATFORM-CONODONT FAUNA OF WAPANUCKA FORMATION
(See figure 3 for stratigraphic distribution of samples. Lithologic symbols: 1 = carbonate mudstone/
packstone, 2 = bioclastic packstone, 3 = bioclastic grainstone, 4 = oolitic-bioclastic grainstone, 5
= coated-grain grainstone, 6 = oolitic grainstone, 7 = oolitic packstone.)

SECTION 275 260 | 262 277
LITHOLOGY 717121441 1132 6(2i2|215{2(2|24]|3
SPECIES ——AMPLE |44 |48|4c|6A|6B|8A|8B|8C| 9 | A |B|A|B|2A|28/2¢| 6 |10[12A0128(13
Aderognattus lautus | 2| 2|5 (47|64/1|1|1]54[12{7 20| |21121|18|8|2)39|5 |24
Anchignathoadus minutus| 2 2 111 4 1{11311]9
ldiognarhodus delicarus 1143 1 25 18{2(2(27|30/8199| 1|2 26
[ expansus 1 3
Ildiognathordes convexus 1 2|2 17112 71|28 2
[ corrugatus 51|75 78( 7 |10 3126(13| 2 16
[ ouachitensis 41111 57
[ sinuatus 47|53 57(10( 9 6157 [13]1 59
Neognathodus basslerr 2
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1-CLARITA ANTICLINE
2-HUNTON ANTICLINE
3-FRANKS GRABEN

4-LAWRENCE UPLIFT

STUDY AREA

A CE

(| arBUCKLE
N |

ARDMORE
BASIN

AN

—— 275 Measured section

Figure 2. Generalized tectonic map and locality map for sections measured by Bruce E. Archinal, and collected for
conodonts by Robert C. Grayson, Jr., and Patrick K. Sutherland (modified from Archinal, 1977).

nearly correct. Dunn’s (1970a) data suggest that
Neognathodus n. sp. A may range as low as the
middle Morrowan and possibly could overlap some
of Lane’s (1977) uppermost type Morrowan con-
odont zones. In the Ouachita Mountains, Neog-
nathodus n. sp. A ranges upward from the Morro-
wan into the early Atokan, based on associated
conodonts (Grayson, 1979) and foraminifers
(Groves and Grayson, this volume).

ATOKA FORMATION
Stratigraphy

Taff and Adams (1900) and Taff (1899, 1901,
1902) named, mapped and described the Atoka
Formation in the Choctaw Coal Field
(=Oklahoma part of Arkoma Basin). Everything
between the Wapanucka Limestone marker and
the Hartshorne coal bed was mapped as a forma-
tion regardless of lithology. In the Ouachita
Mountains, the Atoka Formation is an un-
fossiliferous shale and sandstone unit interpreted
to represent deep-marine pelagic shale and turbi-
dites (Cline, 1956a, 1956b). Along the southwest-
ern margin of the Arkoma Basin adjacent to the
Arbuckle Mountains, the Atoka Formation com-
prises an onlapping, transgressive wedge of sedi-
ment composed predominantly of shale, mud-
stone, and sandstone (Archinal, 1977,1979). A few
thin, variable limestone and calcareous-

sandstone layers are also present. Archinal sug-
gested that the sandstone and limestone units
accumulated as shoreface to foreshore barrier
beaches and longshore bars during stillstands or
minor regressions. Sutherland and Manger (1983)
discussed correlation problems for both the Atoka
Formation and the Atokan Series.

Conodont Fauna

Twenty-four bulk samples collected from eight
measured sections (fig. 2) provide a basis for pre-
liminary evaluation of middle Atokan conodonts.
Measured sections (MS 275 and MS 274) contain
abundant calcareous sandstone and limestone
layers and thus provide the most significant in-
formation regarding the conodont succession (fig.
3; table 2).

The conodont fauna of the Atoka Formation con-
tains both autochthonous and allochthonous plat-
form elements. The allochthonous fauna consists
of reworked Pennsylvanian, Mississippian, and
Devonian forms that pertain to the deformational
history of the southern Oklahoma region during
Pennsylvanian time (Grayson, 1981). Onlap of an
uplifted surface sufficiently eroded to expose pre-
Atoka units down to the Woodford Formation is
required to account for the allochthonous con-
odont species.

The autochthonous Atoka conodont fauna is rel-
atively diverse and consists of 14 form-species
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Arbuckie Mountains,
faunas from these samples are listed in tables 1 and 2.

assigned to 6 form-genera (table 2). Several form-
species, particularly those assigned to Idiog-
nathoides, generally have been regarded as char-
acteristic of Morrowan faunas but are now known
to range into the Atokan (Landing and Wardlaw,
1981). Two platform-conodont assemblages can be
recognized in the Atoka conodont succession (fig.
3). The limited number of samples and incomplete
knowledge of evolutionary relationships preclude
formal zonation at this time. Each of the assem-
blages is discussed, and their significance as-

sessed.

Idiognathoides marginodosus Assemblage
This assemblage extends from the base of the

s convexus A

of measured sections of Wapanucka and Atoka Fo
based on conodonts. Numbered zones show locations of productive sample

rmations on northeastern and eastern flanks of
s. Platform-conodont

Atoka Formation upward to the appearance of one
of three autochthonous species of Neognathodus
(fig. 3; table 2). The assemblage is dominantly an
Idiognathodus delicatus fauna. I. marginodosus,
Adetognathus lautus, Idiognathoides spp., and
Idiognathodus n. sp. are less common con-
stituents. Based on my collections, the assemblage
oceurs in the Atoka Formation in northeastern
Oklahoma, the Bostwick Conglomerate of south-
ern Oklahoma, and the upper Marble Falls Lime-
stone of Texas. Based on Mendez and Menendez-
Alvarez's (1981) data, the assemblage may be
present in the lower Valdeteja Formation.
Although the assemblage can be widely recog-
nized, its biostratigraphic potential has yet to be
fully tested and it could prove to have more
paleoecologic than biostratigraphic significance.



Robert C. Grayson, Jr.

46

L L €| £ vy € v |9 S| 9 S{tL]€ sdosyjoq N
[4 vielzjeft|Tc|l 9]¢ S/SUsDYOID N
L g ds u snpoyjoubosp
L [4 i [ I N O VA B 4 4 AR AN oL| 1 | snyonyis
€ gl{oL|L}|¢ L AN SISUS{Iy20N0
68| C A L C ol selvslect| € 9¢ |GEL o 2 edfjoydiow snsopoulbiow |
[N 4 [A L L {91 c|le€l€|81]9 L oLl ¢l | |g edfeoydiow snsopourbiow y
L € L L L l m“m&«\gq\ns snsopoubiow
91619 c |\ v|C| L L} ¥ L |1 L smobniioa |
z L L ozl t L z z SnX9AU0D s8pIoYyiouboip)
€ snnyupobale
¢c | 8e| 0T SE 69 | 26 |soL| STlLIE|161|19T|9EE| TH | L8 [VYIT|SES] T [ELT| €€ |LLL|TSL| € |supayep MNM.QSQQQQ\Q
{ clL|v|al L snupydio snpoypoubordg
L] € 911 9i0Li€ElL} C oLjzt 14 14 srynu SnpoYoUbI{IUY
L|OL]| ¢ 8l| ¢ VAR AN B U A I clclelCc]lL [A synoj  snyjouboleply
vo-l6- |- |- [ 1- [e1-1 8- €-1{ ¥~ | T- |12 |QZDLL-|VLLI-| OL- | - |4V~ 19V- | OT- [D8L-188L- V8L ¥i- | 9 - S31D3dS
1£2|29¢|292|792{292|592|992|992|092 |09 | vLT| WL T\ VLS| VLT VLT | VLT |6ST6ST{SLT|SLE|SLT|SLTISLT[SLT J1dWVS
ofrl{elolLlv|elell]|z|ol¥iviv|L|L]|S|S|C|E|T|T|T]IL AOOTOHLIN
VIOLV NOILYWJOA

= 1 ‘euojsyoed sryse[oolq Apues = g ‘@uojsule.d ure.rd-pajeod

(-ouojsyoed srjerawo[uod
= ¢ ‘auojsurels J13SeI0Iq = § ‘Su0ISpnul jeUoqied = ¢ ‘auojspues

NOLLVW¥O,] VIOLY 4O VNNV, LNOGONOD-WHO4LY1d SNONOHIHOOLAY—'g 18V ],

21SE[I01q = 7 ‘SUOISPUES SN0aJEd[ed = [ :sjoquids a15ojoy3r ‘sadures jo uonngsip dydeiduens sjewrxosdde 1of g a3y 99Gg)




Morrowan and Atokan Conodonts, Arbuckle Mountains 47

Neognathodus atokaensis Assemblage

This assemblage is distinguished at its base by
the initial, probably ecological appearance of
Neognathodus n. sp. B, N. atokaensis, or N.
bothrops. I. delicatus persists as the most abun-
dant taxa, but with the incoming of neognatho-
dids, a general increase in abundance and diver-
sity of conodont taxa is obvious (table 2). Rare taxa
such as Diplognathodus orphanus have their only
occurrences within the limits of this assemblage.
I. marginodosus also occurs but shows significant
reduction in morphotypes A and B and a general
increase in numeric abundance and relative domi-
nance of morphotype C. The reasons for these
nonbiostratigraphic changes have not been ex-
haustively analyzed, but environmental changes
during transgression are a possibility.

The initial occurrences of Diplognathodus spp.
are apparently Atokan in age (Lane, 1977; Dunn,
1976), but some species range through the whole
of the Atokan and possibly into the Desmoinesian.
The range of I. marginodosus is not conclusively
known, so it cannot currently be regarded as an
exclusively middle Atokan index. Possibly Neog-
nathodus will permit the development of a refined
biostratigraphy of equal value to that provided by
species of the genus in the late Atokan and Des-
moinesian. _

I interpret occurrences of Neognathodus n. sp.
A, N. n. sp. B, and N. atokaensis to represent an
older segment of the Neognathodus lineage de-
scribed by Merrill. This portion of the lineage be-
gins with Neognathodus n. sp. A and is followed
successively by N. n. sp. B, N. atokaensis, and N.
bothrops. The most significant evolutionary trend
seen in this part of the lineage is the development
of an inner parapet that progressively extends
from an initial relatively posterior position to the
anterior tip. Undoubtedly Neognathodus will pro-
vide a basis for refined biostratigraphy of Early—
Middle Pennsylvanian rocks in a manner similar
to that employed by Merrill (1972, 1975) where
present in sufficient abundance. No zonation is
attempted, owing to the limited part of the pre-
sumed phylogeny in the Atoka Formation.

Based on my collections, the Neognathodus ato-
kaensis assemblage occurs at the top of the Bost-
wick Conglomerate in southern Oklahoma and
the Smithwick Shale in Texas. The assemblage
also may be present in the upper part of the Val-
deteja Formation and the lower Picos Formation,
based on Mendez and Menendez-Alvarez’s (1981)
data. The fauna described by Landing and Ward-
law (1981) from the Pennsylvanian outlier of the
Michigan Basin also has similarities to the N.
atokaensis assemblage. Landing and Wardlaw’s
specimens of Neognathodus are immature and
consequently difficult to evaluate phylogenetical-
ly and taxonomically. Their fauna is probably
younger than the Atoka assemblages, based on

associated fusulinids. Merrill’s data (in Lane and
others, 1971) suggest that the assemblage may be
present in the Pottsville Group (Boggs) of the cen-
tral Appalachians. The relationship of Merrill’s N.
bassleri bassleri Zone to the N. atokaensis assem-
blage is uncertain, although Merrill’s zone is most
likely younger. Specimens that Merrill identified
as N. bassleri bassleri I interpret as belonging to
N. bothrops Merrill or N. atokaensisn. sp. Thus his
N. bassleri bassleri Zone consequently is thought
to be misnamed and is distinguished by the abun-
dant occurrence of N. bothrops and not N. basslert
basslert.

SYSTEMATIC PALEONTOLOGY

Stratigraphically important conodont form-
species are discussed in this section. Figured
specimens are deposited at The University of
Oklahoma.

Specimens of all taxa listed in tables 1 and 2 are
illustrated in plates 1-4. Only the most significant
taxa are treated systematically.

Genus Declinognathodus Dunn, 1966

Type Species.—Cavusgnathus nodulifera EvLLL
SoN AND GRAVEs, 1941.

Declinognathodus noduliferus (Ellison and
Graves)
Pl. 3, fig. 20

Cavusgnathus nodulifera EiLison ano Graves, 1941, p. 4,
pl. 3, figs. 4, 6.

Idiognathodus cf. magnificus STAUFFER AND PLUMMER;
Crarxg, 1960, p. 28, pl. 5, fig. 2 only.

Streptognathodus parallelus Crarke, 1960, p. 29, pl. 5,
figs. 6-8, 14, 15.

Declinognathodus nevadensis Dunn, 1966, p. 1300, pl.
158, figs. 4, 8.

Idiognathoides aff. I. noduliferus (Ellison and Graves);
Lang, 1967, p. 938, pl. 123, figs. 9-11, 13, 17 only.
Gnathodus japonicus (Igo and Koike); Hiccins anp Bouck-

aert, 1968, p. 35. pl. 4, figs. 1, 2, 4.

Gnathodus nodulifera (Ellison and Graves}); Koike, 1967,
p. 297, pl. 3, fig. 10 only.

Gnathodus noduliferus (Ellison and Graves); Hicoins anp
Bouckatrt, 1968. p. 33, pl. 2, figs. 6, 12.

Gnathodus japonicus (Igo and Koike); Hiccins anp Bouck-
aErt, 1968, p. 35, pl. 4, figs. 1, 2, 4.

Streptognathodus lateralis Hiccins ano Bouckaert, 1968,
p: 45, pl. 5, figs. 1-4. 7; Hiceins, 1975, p. 73, pl. 12, fig. 9;
pl. 17, figs. 10. 11, 13, 14; MEetcarr, 1981, p. 309, pl. 38,
figs. 19-22.

Streptognathodus noduliferus (Ellison and Graves);
WessTer, 1969. p. 48, pl. 4, figs. 7, 8; Wesster in Lane
and others, 1971. pl. 1, fig. 24.

Declinognathodus lateralis (Higgins and Bouckaert);
Dunn, 1970a, p. 330, pl. 62, figs. 5-7.

Declinognathodus—-Neognathodus transition; Duny,
19704, p. 330. pl. 62, fig. 8.

Idiognathoides noduliferus (Ellison and Graves); Lane
anDpStraka in Lane and others. 1971, pl. 1, fig. 11; Lane
anp Straka, 1974, p. 85, fig. 35:1-5; fig. 41:15-17.
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Idiognathoides noduliferus inaequalis Hicams, 1975, p.
53, pl. 12, figs. 1-7, 12; pl. 14, figs. 11-13; pl. 15, figs.
10-14; Mercarr, 1981, p. 306, pl. 38, figs. 10-12, 15.

Idiognathoides noduliferus japonicus (Igo and Koike);
MercaLr, 1981, p. 306, pl. 38, figs. 14, 17.

Idiognathoides noduliferus noduliferus (Ellison and
Graves); Hicans, 1975, p. 54, pl. 14, figs. 15, 16; MeT-
caLr, 1981, p. 306, pl. 38, figs. 16, 18.

Diagnosis.—A symmetrically paired (Class 11
symmetry of Lane, 1968) species distinguished by
a median carina terminating posteriorly against
the outer margin or curving laterally to merge
with outer margin.

Remarks.—D. noduliferus (Ellison and Graves)
is a pre-Morrowan through early Morrowan spe-
cies, based on its distribution in Europe (Higgins,
1975), Malaysia (Metcalf, 1981), Japan (Koike,
1967), and Arkansas, U.S.A. (Lane, 1967). Hig-
gins and Bouckaert (1968) separated Streptog-
nathodus lateralis from D. noduliferus because of
the presence of a median carina to nearly the post-
erior tip in the former taxa. My concept of D.
noduliferus (Ellison and Graves) includes S. later-
alis because of its apparent intergradation with
Higgins’ subspecies of Declinognathodus nodu-
liferus.

In my opinion, Ellison and Graves’ (1941)
holotype of D. noduliferus represents an ontoge-
netic or ecophenotypic juvenile stage of their pre-
sumably more mature paratype of the same spe-
cies. The type specimens are from the Dimple
Limestone of the Marathon region, Texas, a unit
mostly of early-middle Atokan age, based on fusu-
linids reported by Sanderson and King (1964) and
my analysis of Ellison and Graves’ conodont
fauna.

Higgins (1975) recognized the problem that in
Europe occurrences of D. noduliferus are sub-
stantially older than those in the Dimple Lime-
stone. The question is, are Atokan occurrences of
D. noduliferus due to stratigraphic admixture or
homeomorphy? My analysis of the literature and
personal collections suggests the former explana-
tion.

Several worn and discolored specimens of D.
noduliferus are present in the Atoka Formation
conodont fauna (pl. 3, fig. 20). The Atoka Forma-
tion is slightly younger or possibly equivalent to
the Dimple Limestone. Occurrences of D. nodu-
liferus in both of these units is attributed to
reworking from an older zone. This stratigraphic
admixture in the Atoka Formation is due to onlap
of the formation across an uplifted and eroded
surface that has exposed the Rhoda Creek Forma-
tion, a Mississippian—Pennsylvanian unit in the
northeastern Arbuckle Mountains area. A report
documenting the occurrence of D. noduliferus and
Gnathodus n. sp. succeeding the Adetognathus
unicornis Zone in the Rhoda Creek is now in prog-
ress.

Genus Diplognathodus Kozur and Merrill in
Kozur, 1975

Type Species—Spathognathodus coloradoensis
Murray and Chronic.
Diagnosis.—See Merrill (1975).

Diplognathodus orphanus (Merrill), 1973
Pl 1, fig. 6; pl. 2, figs. 24, 25
Spathognathodus orphanus MerriLL, 1973, p. 309, pl. 3,

figs. 45, 46.
Diplognathodus coloradoensis (Murray and Chronic);
Lanpme anp Waroraw, 1981, p. 1257, pl. 1, fig. 7 only.

Diagnosis.—A diplognathodid characterized by
a coarsely denticulate carina that is convex in
lateral view.

Description.—See Merrill (1973).

Remarks.—Grayson (1979) recognized a Dip-
lognathodus orphanus Zone in the upper part of
the Wapanucka Formation in the frontal Ouachi-
ta Mountains of southeastern Oklahoma. The
zone was recognized by the initial appearance of
the name-bearer or D. coloradoensis above the
first occurrence of Neognathodus n. sp. A and (or)
Idiognathoides ouachitensis and below the ini-
tial appearance of Idiognathodus n. sp.
(= Streptognathodus elegantulus of Grayson,
1979). Subsequent study has resulted in the down-
ward extension of the range of Idiognathodus n.
sp. to coincide with the initial appearance of dip-
lognathodids in the Ouachita Mountains. This in-
validates Grayson’s (1979) original concept of two
zones, an older D. orphanus Zone and the younger
Idiognathodus n. sp. Zone, and has led to the
present recognition of a single Idiognathodus n.
sp.—Diplognathodus spp. assemblage (fig. 1).

Gnathodus n. sp.
Pl 2, fig. 22
Gnathodus wapanuckensis (Harlton); ELuison anp Graves,
1941, pl. 2, figs. 15, 16 only; Koke, 1967, p. 300, pl. 1,
fig. 23 only.
Gnathodus cf. girtyi Hass; Hicoms anp Bouckaerr, 1968, p.
32, pl. 2, fig. 9; pl. 5, figs. 5, 6.
Neognathodus bassleri (Harris and Hollingsworth); Hic-
aIns, 1975, p. 64, pl. 12, figs. 8,10,11; pl. 17, figs. 12, 15.

Gnathodus n. sp. is a pre-Morrowan earliest
Pennsylvanian species, based on its range in Eu-
rope (Higgins and Bouckaert, 1968; Higgins,
1975) and Japan (Koike, 1967). Occurrences of
this species in Atokan strata (Atoka Formation
and Dimple Limestone) are due to reworking from
an older zone. Those specimens recovered from the
Atoka Formation are known to have been derived
from uplift and erosion of the Rhoda Creek Forma-
tion, a unit in the northeastern Arbuckle Moun-
tains that spans the Mississippian—Penn-
sylvanian boundary. A report detailing the sig-
nificance of this important species and associated
fauna from the Rhoda Creek is currently in prog-
ress.
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Genus Idiognathodus Gunnell, 1931

Type Species.—Idiognathodus claviformis Gun-
nell, 1931.

Diagnosis.—Free blade intersects platform in a
median position and continues a short distance as
a carina. The oral surface of the platform is flat or
grooved and is ornamented by transverse ridges.
Nodes may be developed on the inner or outer
platform margin, and prominent sulci may occur
on either side of the carina.

Remarks.—Idiognathodus has been dis-
tinguished from Streptograthodus by the lack of a
median oral trough. Von Bitter (1972) and Baese-
mann (1973) recognized an intergradational rela-
tionship between the two genera. Baesemann
(1973) synonymized the genus Streptognathodus
with Idiognathodus owing to this relationship.
This treatment is followed herein, since it is phy-
logenetically acceptable because species of Strep-
tognathodus sensu stricto appear to have evolved
iteratively from Idiognathodus. Their close evolu-
tionary relationship is also indicated by the fact
that coeval populations are nearly indistinguish-
able on the basis of many morphologic characteris-
tics. Their ontogenetic sequences are also remark-
ably similar and equally complex. Numerous spe-
cies could be, and seemingly have been, pro-
liferated, based on stage of growth.

Idiognathodus delicatus Gunnell, 1931
Pl 1, figs. 1, 2, 12; pl. 3, figs. 2, 3, 5, 6, 21,
23, 25; pl. 4, figs. 1, 6-8, 17, 24

Remarks.—Webster (1969) and Merrill (1975)
recognized two Atokan species of Idiognathodus:
I. claviformis and I. delicatus. Webster (1969) sug-
gested that I. claviformis could represent gerontic
specimens of I. delicatus. My observations are con-
sistent with this possibility, but additional work is
needed to clarify taxonomic relationships in this
highly variable group (Merrill, 1975). Con-
sequently, no synonymy is attempted, and most of
the specimens of Idiognathodus are assigned to a
broad concept of I. delicatus.

At least three general morphotypes can be dis-
tinguished from the central point of the variabil-
ity exhibited by “I. delicatus”; these are (1) in-
dividuals with a broad, shallowly concave oral-
platform surface); (2) those that exhibit a narrow,
groove-like trough that completely bisects the
transverse ornamentation on the oral-platform
surface; and (3) specimens characterized by dis-
continuous, nodose-like disorganized or organized
transverse ornamentation on the oral-platform
surface. Similar morphotypes occur in most large
populations of Pennsylvanian “I. delicatus” that I
have examined. The evolutionary and biofacies
significance of these forms is a major problem.

It appears possible that some middle Atokan
individuals of I. delicatus in Oklahoma can be
distinguished from Morrowan populations. A sig-

nificant number of middle Atokan representatives
of I. delicatus exhibit an anterior tapering of their
distinctive transverse ornamentation and the de-
velopment of prominent sulci (compare pl. 4, figs.
8 and 17, with pl. 4, figs. 1 and 24).

Idiognathodus n. sp.
Pl 1, fig. 15

Streptognathodus elegantulus StaurrEr AND PLUMMER;
Gravson, 1979, p. 69, fig. 105.

Streptognathodus sp. cf. S. elegantulus STaurrer anD PLum-
MER; Gravson anD SutHerLAND, 1977, p. 183, fig. 3.

Idiognathodus delicatus GunNeLL; LANDING aND W aRrpLAW,
1981, p. 1260, pl. 2, figs. 8-14.

Diagnosis.—lIdiognathodid with deep, promi-
nent sub-central trough; steep platform flanks,
and accessory lobes typically on inner side but in
some mature and gerontic specimens on outer
side, as well.

Remarks.—Streptognathodus elegantulus
(=Idiognathodus n. sp.) was the namebearer for
the youngest zone recognized by Grayson (1979) in
the Wapanucka Formation in the frontal Ouachi-
ta Mountains of southeastern Oklahoma. The ini-
tial appearance of Idiognathodus n. sp. has been
found to be lower than that originally determined,
and essentially to coincide with the first occur-
rence of Diplognathodus spp. The resulting Idiog-
nathodus n. sp.—Diplognathodus spp. assemblage
is thought to be absent in the present study area,
owing to pre-Atoka erosion (fig. 1). One specimen
of this species occurs in one sample (MS 274-4)
from the basal Atoka Formation; its significance
is uncertain.

Genus Idiognathoides Harris and Hollings-
worth, 1933

Type Species.—lIdiognathoides sinuata Harris
and Hollingsworth, 1933.

Diagnosis.—A platform-conodont genus de-
rived from Declinognathodus and consisting of
symmetrically or asymmetrically paired (Class 11
or 111b symmetry of Lane, 1968) polymorphic ele-
ments. In oral view the platform exhibits a median
trough of variable length. Prominent transverse
ridges may be developed in some species. The out-
er margin passes with flexure into a short carina,
then into a free blade; where little or no flexure is
present, the outer margin passes directly into a
free blade.

Remarks.—Idiognathoides sinuatus was recog-
nized by Lane (1967) and Lane and Straka (1974)
as a single form-species that consists of paired
asymmetric left- and-right-handed platform ele-
ments. Lane and Straka stated that the left ele-
ment displayed features characteristic of the
holotype of the form species I. sinuatus Harris and
Hollingsworth and that the right element dis-
played characteristics of the lectotype of the form-
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species I. corrugatus (Harris and Hollingsworth).
Although this is probably correct, definitive evi-
dence is lacking (Higgins, 1981).

Austin (1972) noted that the ranges of the form-
species I. sinuatus and I. corrugatus are dis-
similar. This may be due to the fact that the left
and right elements in Idiognathoides exhibit
mosaic evolution. Consequently, it is currently
difficult consistently to associate lefts and rights.
In the absence of detailed analyses, I have placed
all asymmetrically paired left-sided specimens of
Idiognathoides in a broadly interpreted form-
species, I. sinuatus, and the asymmetrically
paired right-sided elements in the form-species I.
corrugatus, I. convexus, or I. ouachitensis.

Idiognathoides convexus (Ellison and Graves),
1941
Pl 4, figs. 9, 15

Polygnathodella convexa ErLison anp Graves, 1941, p. 9,
pl. 3, figs. 10, 12, non fig. 16 (=I. corrugatus).

Polygnathodella cf. convexa Eiuson anp Graves; KoIKE,
1967, p. 308, pl. 3, figs. 1, 2.

Idiognathoides convexus (Ellison and Graves); Hicains
anp Bouckaert, 1068, p. 39, non pl. 4, fig. 3 (=1. corru-
gatus); Wesster, 1969, p. 37, pl. 5, figs. 17(?), 18; Dunn,
1970a, p. 334, pl. 63, fig. 20(?), text-fig. 11F; Lane and
others, 1971, pl. 1, figs. 17, 18; Lane anp Straka, 1974, p.
84.

(Nldiognathoides convexus (Ellison and Graves); Dunn,
1970a, p. 334, pl. 63, fig. 20.

(NIdiognathoides corrugatus (Harris and Hollings-
worth); Dunn, 1970a, p. 335, pl. 63, fig. 16 (non figs. 17,
18, 25).

Diagnosis.—An exclusively right-sided form-
species that is narrow and commonly convex in
lateral view. The oral surface is ornamented by
prominent arcuate, transverse ridges that are con-
vex anteriorly.

Remarks.—Idiognathoides convexus is the
name bearer for a conodont zone defined by Lane
and Straka (1974) from the Kessler Limestone
(type Morrowan) in northwestern Arkansas. The
range of the species in other areas of the con-
tiguous United States may include strata older
than those encompassed by its local range in
northwestern Arkansas (Webster, 1969; Dunn,
1970a, 1976). In the author’s Oklahoma col-
lections, the species occurs only in late Morrowan
or Atokan rocks.

Idiognathoides marginodosus n. sp.
Pl 1, figs. 3, 4, 7, 9-11, 13, 14, 16, 18; pl. 2, figs. 4, &,
9, 17, 19; pl. 3, figs. 4, 10, 12, 14, 19; pl. 4, figs. 11,
12, 16, 21-23

Declinognathodus noduliferus inaequalis (Higgins);
MenpEez anp MENeNDEZ-ALvarez, 1981, fig. 3:1.

Declinognathodus noduliferus noduliferus (Ellison and
Graves); Menpez aNpD MenenDEz-ALvarez, 1981, fig. 3:2.

Idiognathoides sulcatus sulcatus Hicoins aNp BOUCKAERT;
MenoEz AN MENENDEZ-ALvarez, 1981, fig. 3:7.

Diagnosis.—A symmetrically paired (Class 11
symmetry of Lane, 1968) species distinguished by
its characteristic platform margins. The margins
of this variable species are rather constant in
morphology and are readily divisible into anterior
and posterior portions. The anterior platform mar-
gins are ornamented with delicate transverse
ridges or nodes that commonly fuse to form a sin-
gle continuous ridge or series of closely spaced
arcuate ridges. In contrast, the posterior margins
are ornamented by more distinct nodes that are
relatively more widely spaced and exhibit little or
no tendency to fuse with adjacent nodes on the
same margin. Transverse ridges may be developed
between nodes on opposite margins near the pos-
terior tip. The tip is generally bulbous or striking-
ly nodose in appearance. A short carina may be
present, but typically the blade passes into the
outer margin with little or no deflection. Three
intergradational morphotypes are recognized by
the character and (or) the absence of accessory
nodes. A row of nodes lateral to the anterior plat-
form margin is diagnostic of Morphotype A. Mor-
photype B exhibits only a single cleanly separated
node located lateral to the outer anterior platform
margin. The total lack of development of accessory
nodes characterizes Morphotype C.

Remarks.—I. marginodosus is distinguished
from D. noduliferus (Ellison and Graves) by its
distinctive nodose margins and simplified range of
variability. Some Morrowan to early Atokan
specimens assigned by workers to D. noduliferus,
Idiognathoides sulcatus sulcatus Higgins and
Bouckaert or I. sulcatus parvus Higgins and
Bouckaert significantly overlap the range of var-
iability of I. marginodosus. Some representatives
of these “species” can be discriminated from /.
marginodosus only by differences in their pos-
terior platform margins. In I. marginodosus the
posterior margins are ornamented by relatively
widely spaced nodes that commonly exhibit a
bulbous appearance. The older specimens, in con-
trast, exhibit more closely spaced nodes that typi-
cally have a ridge-like character.

Name.—The specific name refers to the diagnos-
tic ornamentation of the margins, particularly the
posterior margins.

Type Material. —Owing to the variability exhib-
ited by this species, equal weight is given to the
paratypes in distinguishing I. marginodosus.
Holotype, OU 7151; paratypes: morphotype A-OU
7157; morphotype B-OU 10,167; morphotype C—
OU 10,030.

Idiognathoides ouachitensis (Harlton), 1933
Pl 3, figs. 8, 13, 15; pl. 4, figs. 2, 5

Polygnathodella ouachitensis Hariton, 1933, p. 15, pl. 4,
figs. 14a—14c; Evuison anp Graves, 1941, pl. 3, figs. 8, 9;
(non Koike, 1967, p. 309, pl. 3, figs. 3—-5—=1I. corru-
gatus?); Polygnathodella fossata Branson anp MexL,
1941, p. 103, pl. 19, figs. 27, 28.
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Idiognathoides corrugatus (Harris and Hollingsworth);
Duny, 1970a, p. 335, pl. 63, figs. 18, 25 only, non figs.
16, 17 (=I. corrugatus); Menpez anp MENENDEZ-ALVAREZ,
1981, fig. 3:5.

Idiognathoides sinuatus Harrs anp HoLLivgswort; Lanp.
NG AND WarpLaw, 1981, p. 1262, pl. 2, figs. 15-20 only.

Diagnosis.—An idiognathoidid distinguished
by an oral surface bearing a prominent trough on
the entire right-sided element. The trough may or
may not be completely traversed by ridges.

Remarks.—I. ouachitensis is the youngest spe-
cies of an evolutionay sequence that is character-
ized by development of an oral trough that even-
tually extends the full length of the platform. The
oldest (early Morrowan) representatives of this
phylogeny (I corrugatus)lack a significant trough
in mature specimens. Middle Morrowan repre-
sentatives of I. corrugatus possess a trough that
generally extends about three-fourths the length
of the platform. This progressive increase in
length of the oral trough culminated in I.
ouachitensis by late Morrowan time, a species
which has a trough that extends the full length of
the platform. All the presently recognized var-
iantsin this lineage occur in the Atoka Formation.
The relative abundance of each, after its initial
evolution, appears to be environmentally con-
trolled. The nature of these controls needs to be
studied.

Some middle Morrowan representatives of I.
corrugatus possess an oral trough that extends
completely to the posterior tip of the platform.
These can usually be differentiated morphologi-
cally from I. ouachitensis. The trough in I. corru-
gatus is commonly narrow and generally com-
pletely bisects the transverse ridges on the oral
platform surface. In . ouachitensis the oral trough
is generally broad, deep, and symmetrical. Com-
monly the transverse ornamentation continues
uninterrupted across the broad trough.

Genus Neognathodus Dunn, 1970a

Type Species.—Polygnathus bassleri Harris and
Hollingsworth, 1933.

Neognathodus symmetricus Lane, 1967
Pl 2, fig. 7

Gnathodus wapanuckensis (Harlton); Evuison anp Graves,
1941, pl. 2, fig. 13 only.

Gnathodus bassleri symmetricus Lane, 1967, p. 935, pl.
120, figs. 2, 13, 14, 17; pl. 121, figs. 6, 9.

Gnathodus bassleri (Harris and Hollingsworth); Wes.
ster, 1969, p. 29, pl. 5, fig. 14 only.

Neognathodus bassleri (Harris and Hollingsworth);
Duny, 1970a, p. 336, pl. 64, figs. la—c, 12 only.

Neognathodus bassleri symmetricus (Lane); Lane aNp
Straxa, 1974, p. 96, fig. 37: 22, 31, 32, 37-39; fig. 39:
16-18, 21-24.

Diagnosis.—For diagnosis, see Lane (1967).
Remarks.—Occurrences of this species in the

Atoka Formation are due to reworking from older
strata. They are included for comparison with
autochthonous Atoka neognathodids.

Neognathodus bassleri (Harris and Hollings-
worth), 1933
Pl. 1, figs. 5, 17

Polygnathus bassler: Harris ano HoLungsworTh, 1933, p.
198, pl. 1, figs. 13a—e.

Gnathodus wapanuckensis (Harlton); ELvison aND GRAVES,
1941, pl. 2, fig. 15 only.

Gnathodus bassleri bassleri (Harris and Hollingsworth);
Lang, 1967, p. 935, pl. 120, figs. 1, 3-5, 9-12, 15; pl.
123, figs. 1-6; Lane anp Straka in Lane and others,
1971, pl. 1, figs. 9, 10.

Neognathodus bassleri (Harris and Hollingsworth);
Dunn, 19704, p. 336, pl. 64, fig. 13 only.

Neognathodus bassleri bassleri (Harris and Hollings-
worth); Lane anD Straka, 1974, p. 95, fig. 37:16, 17, 19;
fig. 42: 17-24.

Remarks.—The two specimens assigned to N.
bassleri from the Wapanucka Formation differ
slightly from middle Morrowan representatives
(Lane, 1967). The significance of these differences
cannot be evaluated owing to the limited number
of specimens.

Neognathodus n. sp. A

Gnathodus cf. roundyi Gunneir; Koike, 1967, p. 229, pl. 1,
figs. 27, 28.

Neognathodus roundyi (Gunnell); Duny, 1970a, p. 336,
pl. 64, figs. 2, 3.

Neognathodus n. sp. Lane and others, 1972, p. 551; LaNE,
1977, p. 178.

Neognathodus kanumai Koike; GRAYSON AND SUTHERLAND,
1977, p. 183, fig. 3; Gravson, 1979, p. 69, fig. 105.
Neognathodus dilatus (Stauffer and Plummer); Menpez

anD MenenDEzZ-ALvarez, 1981, fig. 3:10.

Diagnosis.—Inner platform margin elevated
and ornamented by prominent transverse ridges;
outer platform margin distinctly lower than inner
and semicircular in oral view. Ornamentation
may be absent on the outer margin; where pres-
ent, it consists of a row of nodes paralleling the
outer margins or transverse ridges that are sub-
perpendicular to the carina.

Remarks.—Neognathodus n. sp. A does not
occur in the Wapanucka Formation in its ex-
posures along the northeastern flank of the
Arbuckle Mountains. However, the Neognatho-
dus n. sp. A—Idiognathoides ouachitensis assem-
blage can be recognized by occurrences of I.
ouachitensis in the Wapanucka Formation. Neog-
nathodus n. sp. A is locally abundant in the
Ouachita Wapanucka, which generally repre-
sents a more offshore, deeper water regime com-
pared to the Arbuckle Wapanucka.

Lane (1977) defined a conodont zone based on
the range of Neognathodus n. sp. A. His zone is not
utilized in the present study because of in-
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adequate knowledge regarding its range and thus
its relationship to upper type-Morrowan conodont
zones,

Neognathodus n. sp. A and younger representa-
tives of its lineage are distinguished from the
mostly older species N. symmetricus (Lane) and N.
bassleri (Harris and Hollingsworth) by the char-
acter of the anterior portion of the platform. In N.
symmetricus and N. bassleri, the anterior ter-
mination of the platform is generally abrupt and
precipitous. In contrast, that portion of the plat-
form in N. n. sp. A and younger related species is
beveled and slopes more gently anteriorly to
merge with the blade. The phylogenetic relation-
ship of N. bassleri to Neognathodus n. sp. A is
unknown. However, it seems probable that Neog-
nathodus n. sp. A and not N. bassleri, as suggested
by Merrill (1972), gave rise to middle Atokan and
Desmoinesian neognathodids.

Neognathodus n. sp. B
Pl 2, fig. 13

Neognathodus roundyi (Gunnell); Menpbez aNp MeNENDEZ-
Avvarez, fig. 3:11.

Diagnosis.—Inner parapet typically extends to
posterior tip and is ornamented by prominent
transverse ridges. In transverse profile the outer
parapet is distinctly lower or even with inner par-
apet. In oral view, the outer parapet is semicircu-
lar in outline and does not extend toward the pos-
terior tip. Ornamentation on outer parapet con-
sists of nodes that are developed upward suf-
ficiently to form a shallow trough between outer
margin and carina. The carina is subcentrally lo-
cated.

Remarks.—Neognathodus n. sp. B is a rare con-
stituent of the Atoka Formation conedont fauna.
Only one specimen from a single locality (274-10)
is presently available for study. Consequently,
formal recognition of this species is precluded.

Neognathodus n. sp. B is thought to have
evolved from Neognathodus n. sp. A by upward
development of the outer margin into a parapet
separated from the carina by a shallow trough.

Neognathodus atokaensis n. sp.
Pl 1, fig. 8; pl. 2, figs. 1, 5a, 5b, 10-12, 16, 23; pl. 3,
figs. la, 1b, 7a, 7b, 11, 16, 18, 22

Gnathodus wapanuckensis (Harlton); ELLison anp Graves,
1941, pl. 2, fig. 14 only.

Streptognathodus colombiensis Stsang, 1967, p. 336, pl.
36, figs. 3, 6-8 only.

Gnathodus bassleri (Harris and Hollingsworth); Wes-
STER, 1969, p. 29. pl. 5, figs. 15a, 15b only.

Neognathodus bassleri (Harris and Hollingsworth);
Duwn, 19704, p. 336, pl. 64, fig. 14 only.

Gnathodus bassleri bassleri (Harris and Hollingsworth);
MEerriLL in Lane and others, 1971, pl. 1, fig. 30.

Gnathodus bassleri symmetricus Lane; MerriLL in Lane
and others, 1971, pl. 1, fig. 29.

Gnathodus n. sp. A MerriLi in Lane and others, 1971, pl.
1, fig. 31.

Neognathodus bassleri bassleri (Harris and Hollings-
worth); MerriLL anp King, 1971, p. 659, pl. 76, figs. 11,
12.

Neognathodus bothrops MerriLL; MerriLe, 1975, p. 69, pl.
17, fig. 65 only; MenDez AND MENENDEZ-ALAVAREZ, 1981,
fig. 3:9.

Neognathodus medadultimus MerriLL; MerriLL, 1975, p.
69, pl. 17, fig. 67 only.

?Neognathodus medexultimus MerrILL; LANDING AND W ARD.
Law, 1981, p. 1265, pl. 2, figs. 6, 7.

Diagnosis.—Inner parapet typically extends to
near posterior tip and is generally ornamented
with prominent transverse ridges. In transverse
profile the outer parapet is slightly lower or even
with crest of inner parapet. In oral view, anterior
portion of the inner margin is semicircular in out-
line and ornamented with weakly developed
transverse ridges. It is separated from the subcen-
tral carina by a trough. The posterior, newly de-
veloped portion of the outer parapet consists of
distinct nodes either fused to the carina or sepa-
rated from the carina by an incipient trough.

Remarks.—Neognathodus atokaensis n. sp.
apparently represents a transitional stage be-
tween Neognathodus n. sp. B and Neognathodus
bothrops.

Name.—The specific name is derived from the
Atoka Formation.

Type Specimens.—Holotype (OU 10,051); para-
types (OU 10,039, OU 10,035, OU 10,149).

Neognathodus bothrops Merrill, 1972
Pl 2, figs. 2, 14a, 14b, 15, 18, 20;
pl. 3, figs. 17, 24a, 24b

Gnathodus roundyi GunneLL; Murray anp Crronic, 1965, p.
598, pl. 71, figs. 3, 4, only.

Streptognathodus colombiensis Stisane, 1967, p. 336, pl.
36, figs. 1, 2, 4, 5, 9, 10 only.

Streptognathodus elegantulus Staurrer anp PLeMMER; ST1.
Bang, 1967, pl. 36, figs. 19-22.

Gnathodus bassleri (Harris and Hollingsworth); Wes-
STER, 1969, p. 29, pl. 5, figs. 9a—c only.

Neognathodus roundyi (Gunnell); Dunn, 1970a, p. 336,
pl. 64, fig. 4 only.

Neognathodus n. sp. A MerriL ano King, 1971, p. 659, pl.
76, figs. 7-10.

Neognathodus bassleri bassleri (Harris and Hollings-
worth); MerriLL anp King, 1971, p. 659, pl. 76, fig. 11
only; MerriLL, 1972, p. 822, pl. 1, figs. 16-19; MerriLL,
1975, p. 117, pl. 17, fig. 68 only.

Neognathodus bothrops MEerriLL, 1972, p. 823, pl. 1, figs.
8-15; MernriLL, 1975, p. 69, fig. 17:'63, 64, 66 only.

Diagnosis.—Inner and outer platform margins
elevated to form parapets that typically extend
and merge to form posterior tip. The parapets are
ornamented with prominent transverse ridges
and are separated from the carina by distinct
troughs. The carina may or may not extend to the
posterior tip. It varies from a central to clearly
subcentral location.



Morrowan and Atokan Conodonts, Arbuckle Mountains 53

Remarks.—My concept of this species is broader
than that originally proposed by Merrill (1972,
1975). I include some specimens assigned by Mer-
rill and King (1971) and Merrill (1972, 1975) to N.
bassleri bassleri in N. bothrops or N. atokaensis.
Merrill distinguished N. bassleri bassleri from N.
bothrops by fusion of the carina to the posterior tip
in the latter species. I believe the character of the
carina (fused or nodose) may be ecologically con-
trolled and should not be employed for taxonomic
discrimination.

REGISTER OF MEASURED
STRATIGRAPHIC SECTIONS
AND LOCALITIES

MS 275—Canyon Creek. This well-known exposure is
in the bed and on the banks of Canyon Creek. The base of
the Wapanucka Formation isin the NEV:NWV;sec. 8, T.
1 N, R. 7 E., and the top of the Atoka section is at the
crest of a sandstone ridge at the southwest end of a
flood-control lake, NEVASEVsNEV% sec. 8, T.1N.,R. 7 E.,
Pontotoc County, Oklahoma.

MS 259—Southwest Stonewall. The section begins at
the crest of a hill in a drainage ditch on the west side of
the north half of the east section-line road, sec. 16, T. 1
N.,R. 7 E., Pontotoc County, and ends at the NW corner
sec. 16, at the intersection of the section-line roads. The
ledge at the crest of the hill.on the section-line road is the
base of the section.

MS 274—Coal Creek. The section begins on the east
side of Coal Creek approximately 300 feet (91 m) south of
asharpbend in the creekona small, rounded northwest-
trending ridge of the Wapanucka Limestone,
NWV.SEV.:SEv4 sec. 15, T. 1N.,R. 7E., and ends on the
north side of the large ridge cut by Coal Creek.

MS 260—North Goose Creek. The base of this section
is at the crest of the northwest-striking Wapanucka
ridge where it is cut by a fence line; 150 feet north and
100 feet west of the mouth of an east-trending tributary
of Goose Creek, SWViNW.SW4NWYa sec. 19, T.1 N,,
R. 8 E. The top of the section is along a small trail that
parallels Goose Creek in the NEVNEV.SWY:NEV, sec.
19.

MS 266—North Jack Hills. The base of this section is
on the crest of the highest northwest-trending ridge of
the Jack Hills, approximately 2,000 feet (610 m) north of
the SE corner of the east section line, sec. 19,T.1N.,R.8
E.; the top of the section is approximately 1,800 feet (549
m) from the NE corner sec. 19, along the east section line
at the base of the Jack Hills. The section line has recent-
ly been cleared by seismic crews, so it is easily accessible
and the units fairly well exposed.

MS 265—Central Jack Hills. The section is along an
east—west fence line, with the base at the top of aridge of
Wapanucka Limestone in the NWY:SWVsNWY4 sec. 32,
T.1 N.. R. 8 E.; the top is at the crest of a sandstone
cuesta along the fence line at the center of the north line
of the SWVaNWV4 sec. 33, T. 1 N, R. 8 E.

MS 262—South Jack Hills Syncline. The base of this
section is on top of a small, thin ridge of Wapanucka
Limestone in the SEUNEWNEY: sec. 9, T. 1 S.,
R.8E., and ends at a sandstone by the road in the
NEWNEY.NEY: sec. 9

MS 271—Stutte-Burr Valley. The base of this section
is at the top of a ridge of Wapanucka Limestone where it
is cut by the old Clarita—Tupelo road, just north of an
access gate on the Burr Valley Ranch and 960 feet (293
m) north of the SE corner sec. 3, T. 1 S, R. 8 E. The
section ends 1,580 feet (525 m) north of the SE corner sec.
3, where a ridge of Atoka sandstone and shale abruptly
ends.

MS 159—Type Wapanucka. Exposures of the Wapa-
nucka Formation occur at this locality in bluffs facing
the east side of a small reservoir formed by Sandy Creek,
about 1.4 miles west of Wapanucka, Johnston County,
Oklahoma. It extends from the edge of the spillway east-
ward to the crest of the ridge in the NEVANWVs sec. 22, T.
28,R.8E.

REFERENCES CITED

Archinal, B. E., 1977, The lithostratigraphy of the Ato-
ka Formation (Lower Pennsylvanian) along the south-
western margin of the Arkoma Basin, Oklahoma: Uni-
versity of Oklahoma unpublished M.S. thesis, 172 p.

1979, Atoka Formation (Pennsylvanian) deposi-
tion and contemporaneous structural movement,
southwestern Arkoma Basin, Oklahoma, in Hyne,
N. J., editor, Pennsylvanian sandstones of the Mid-
Continent: Tulsa Geological Society Special Publica-
tion 1, p. 259-267.

Austin, R. L., 1972, Problems of conodont taxonomy
with special reference to Upper Carboniferous forms:
Geologica et Paleontologica SB 1, p. 115-126.

Baesemann, J. F., 1973, Missourian (Upper Pennsylva-
nian) conodonts of northeastern Kansas: Journal of
Paleontology, v. 47, p. 689-710.

Cline, L. M., 1956a, Regional stratigraphy and history
of Ouachita Mountain area: American Association of
Petroleum Geologists Bulletin, v. 40, p. 427—428.

1956b, Mississippian—-Pennsylvanian stratigra-
phy of central Ouachita Mountains, Oklahoma:
Ardmore Geological Society Guidebook to Ouachita
Mountains Field Conference, p. 47-63.

Dunn, D. L., 1970a, Middle Carboniferous conodonts
from western United States and phylogeny of the plat-
form group: Journal of Paleontology, v. 44, p. 312-342.

1970b, Conodont zonation near the Mississip-

pian—Pennsylvanian boundary in western United

States: Geological Society of America Bulletin, v. 81,

p. 2959-2974.

1976, Biostratigraphic problems of Morrowan and
Derryan (Atokan) strata in the Pennsylvanian Sys-
tem of western United States: Geological Society of
America Bulletin, v. 87, p. 641-645.

Ellison, S., and Graves, R. W,, Jr., 1941, Lower Penn-
sylvanian (Dimple limestone) conodonts of the
Marathon region, Texas: University of Missouri
School of Mines and Metallurgy Builetin, v. 15, no. 3,
21 p.

Grayson, R. C,, Jr., 1978, Depositional environments
and conodont biostratigraphy of Wapanucka Forma-
tion (Pennsylvanian), frontal Quachita Mountains,




54 Robert C. Grayson, Jr.

Oklahoma [abstract]: American Association of Petro-

leum Geologists Bulletin, v. 62, p. 518.

1979, Stop descriptions—fifth day, in Sutherland,

P. K., and Manger, W. L., editors, Mississippian—

Pennsylvanian shelf-to-basin transition, Ozark and

Ouachita regions, Oklahoma and Arkansas: Oklaho-

ma Geological Survey Guidebook 19, p. 67-76.

1981, Distribution and significance of allochtho-
nous conodonts in Early Pennsylvanian rocks of east-
ern Oklahoma [abstract): Geological Society of Amer-
ica Abstracts with Programs, v. 13, p. 279.

Grubbs, R. K., 1982, Pennsylvanian stratigraphy and
conodont biostratigraphy of Mill Creek Syncline, cen-
tral Arbuckle Mountains, Oklahoma: University of
Oklahoma unpublished M.S. thesis, 227 p.

Higgins, A. C., 1975, Conodont zonation of the late
Viséan—early Westphalian strata of the south and cen-
tral Pennines of northern England: Geological Survey
of Great Britain Bulletin 53, 90 p.

1981, Coprolitic conodont assemblages from the
Lower Westphalian of North Staffordshire: Palae-
ontology, v. 24, pt. 2, p. 437—441.

Higgins, A. C., and Bouckaert, J., 1968, Conodont
stratigraphy and palaeontology of the Namurian of
Belgium: Belgique service Geol. Mem. 10, 64 p.

Koike, Toshio, 1967, A Carboniferous succession of con-
odont faunas from the Atetsu Limestone in southwest
Japan (studies of Asiatic conodonts, Pt. VI): Tokyo
Kyoiku Daigaku Science Reports, Sec. C, Geology,
Mineralogy, and Geography, v. 9, no. 93, p. 279-318.

Landing, E., and Wardlaw, B. R., 1981, Atokan con-
odonts from the Pennsylvanian outlier of the Michi-
gan Basin: Journal of Paleontology, v. 55, p. 1251~
1269.

Lane, H. R., 1967, Uppermost Mississippian and Lower
Pennsylvanian conodonts from the type Morrowan re-
gion, Arkansas: Journal of Paleontology, v. 41, p. 920—
942.

1968, Symmetry in conodont element-pairs: Jour-

nal of Paleontology, v. 42, p. 1258-1263.

1977, Morrowan (Early Pennsylvanian) con-
odonts of northwestern Arkansas and northeastern
Oklahoma, in Sutherland, P. K., and Manger, W. L.,
editors, Upper Chesterian—-Morrowan stratigraphy
and the Mississippian—Pennsylvanian boundary in
northeastern Oklahoma and northwestern Arkansas:
Oklahoma Geological Survey Guidebook 18, p. 177—
180.

Lane, H. R., Merrill, G. K., Straka, J. J., II, and
Webster, G. D., 1971, North American Pennsylva-
nian conodont biostratigraphy, in Sweet, W. C., and
Bergstrém, S. M., editors, Symposium on conodont
biostratigraphy: Geological Society of America
Memoir 127, p. 395—414.

Lane, H. R., and Straka, J. d., 1974, Late Mississippian
and Early Pennsylvanian conodonts, Arkansas and
Oklahoma: Geological Society of America Special Pa-
per 152, 144 p.

Mendez, C. A., and Menendez-Alvarez, J. R., 1981,
Conodontos del Bashkiriense Superior y Moscoviense
Inferior en una seccion de la Cordillera Cantabrica
(NW de Espana): Trabajos de Geologia, Univ. de
Oviedo, 11, 129-134.

Merrill, G. K., 1972, Taxonomy, phylogeny, and
biostratigraphy of Neognathodus in Appalachian
Pennsylvanian rocks: Journal of Paleontology, v. 46,
p. 817-829.

1973, Pennsylvanian nonplatform conodont

genera, I. Spathognathodus: Journal of Paleontology,

v. 47, p. 289-314.

1975, Pennsylvanian conodont biostratigraphy
and paleoecology of northwestern Illinois: Geological
Society of America Microform Publication 3, 129 p.

Merrill, G. K., and King, C. W., 1971, Platform con-
odonts from the lowest Pennsylvanian rocks of north-
western Illinois: Journal of Paleontology, v. 45, p.
645-664.

Metcalf, I., 1981, Upper Carboniferous conodont faunas
of the Panching Limestone, Pahang, West Malaysia:
Palaeontology, v. 23, pt. 2, p. 297-314.

Sanderson, G. A., and King, W. E., 1964, Paleonto-
logical evidence for the age of the Dimple Limestone,
in The filling of the Marathon geosyncline—
Symposium and guidebook, 1964 field trip: Society of
Economic Paleontologists and Mineralogists, Per-
mian Basin Section, Publication 64-9, p. 31-34.

Spivey, R. C., and Roberts, T. G., 1946, Lower Penn-
sylvanian terminology in central Texas: American
Association of Petroleum Geologists Bulletin, v. 30, p.
181-186.

Sutherland, P. K., and Manger, W. L., 1983, The Mor-
rowan—Atokan (Pennsylvanian) boundary problem:
Geological Society of America Bulletin, v. 94, p. 543—
548.

Taff, J. A., 1899, Geology of the McAlester—Lehigh coal
field, Indian Territory: U.S. Geological Survey 19th
Annual Report, pt. 3, p. 423-456.

1901, Description of the Coalgate quadrangle [In-

dian Territory]: U.S. Geological Survey Geologic

Atlas, Folio 74, 6 p.

1902, Description of the Atoka quadrangle [In-
dian Territory]: US. Geological Survey Geologic Atlas,
Folio 79, 8 p.

Taff, J. A., and Adams, G. L, 1900, Geology of the
eastern Choctaw coal field, Indian Territory: U.S.
Geological Survey 21st Annual Report, pt. 2, p. 257-
311.

von Bitter, P. H., 1972, Environmental control of con-
odont distribution in the Shawnee Group (Upper
Pennsylvanian) of eastern Kansas: University of Kan-
sas Paleontological Contributions, Article 59, 105 p.

Webster, G. D., 1969, Chester through Derry conodonts
and stratigraphy of northern Clark and southern Lin-
coln Counties, Nevada: University of California Publi-
cations in Geological Sciences, v. 79, 121 p.




56

Robert C. Grayson, Jr.

Plate 1

(Figured specimens 5 and 17 from Wapanucka Formation; all others from Atoka Formation)
Figs. 1, 2, 12.—Idiognathoides delicatus Gunnell. 1, upper view of OU 10,017 (259-Ab), x30; 2,
upper view of OU 10,018 (275-18¢), x 60; 12, upper oblique view of OU 10,019 (274-4), x 50.
Figs.3,4,9, 10,11, 13, 14—Idiognathoides marginodosus n. sp. Morphotype B. 3, upper view of OU
10,020 (275-18A), x 50; 4, upper view of OU 10,021 (275-18A), x 50; 9, upper view of OU 10,028
(275-18A), X 40; 10, upper view of QU 10,024 (275-18A), x40; 11, upper view of OU 7150
(275-18A), x 40; 13, upper view of OU 7151 (274-17C), x 40; 14, upper view of OU 7152 (275-18A),
x 40.

Figs. 5, 17.—Neognathodus bassleri (Harris and Hollingsworth). 5, upper view of QU 10,023
(159-13), x40; 13, upper oblique view of OU 10,025 (159-13), x 40.

Fig. 6.—Diplognathodus orphanus (Merrill). Upper view of OU 10,026 (274-17A), X 50.

Fig. 7.—Idiognathoides marginodosus n. sp. Morphotype A; upper view of O 10,022 (275-6), x 50.

Fig. 8 —Neognathodus atokaensis n. sp. Upper view of holotype, OU 10,027 (259-Ab), x 30.

Fig. 15.—Idiognathodus n. sp. Upper view of OU 10,029 (274-4), x 90.

Figs. 16, 18.—Idiognathoides marginodosus n. sp. Morphotype C. 16, upper view of OU 7153
(259-Ab), x40; 18, upper view of paratype, OU 10,030 (259-Ab), x40.
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Plate 2

(Figured specimens 6 and 26 from Wapanucka Formation; all others from Atoka Formation)

Figs. 1, 5a, 5b, 10, 11, 12, 16, 21, 23.—Neognathodus atokaensis n. sp. 1, upper view of OU 10,031
(259-Ab), X 35; 5a, aboral view of OU 10,045 (259-Ab), x 25; 5b, oral view of same specimen; 10,
upper view of OU 10,038 (274-17d), x 25; 11, upper view of OU 10,032 (275-18c), x 45; 12, upper
view of OU 10,033 (274-10), x 35: 16, upper view of paratype, OU 10,039 (275-18c), x 40;21, upper
view of paratype, OU 10,035 (259-Ab), x 25; 23, upper view of OU 10,042 (259-Ab), x25.

Figs. 2, 14a, 14b, 15, 18, 20.—Neognathodus bothrops Merrill. 2, upper view of OU 10,036 (274-10),
x 45; 14a, upper view of QU 7154 (274-17c), x 25; 14b, aboral view of same specimen; 15, upper
view of OU 10,046 (275-18c), x 45; 18, upper view of OU 10,040 (274-10), X 60; 20, upper view of
OU 10,041 (274-10), x60.

Figs. 3, 26.—Anchignathodus minutus (Ellison). 3, lateral view of QU 10,043 (274-17A), % 60; 26,
lateral view of OU 10,044 (275-6b), X 35.

Figs. 4, 8.—Idiognathoides marginodosus n. sp. Morphotype B. 4, upper view of a specimen tran-
sitional to morphotype C, QU 7155 (259-At), x 40; 8, upper view of OU 10,299 (274-10), x 25.

Fig. 6.—Adetognathus lautus (Gunnell). Lateral view of OU 10,048 (159-2B), x35.

Fig. 7.—Neognathodus symmetricus (Lane). Upper view of OU 10,037 (274-10), x 90.

Figs. 9, 17.—Idiognathoides marginodosus n. sp. Morphotype A. 9, upper view of OU 10,300
(274-10), x 25; 17, upper view of a specimen transitional to morphotype B, 0U 10,301 (275-18A),
x 40.

Fig. 13.—Neognathodus n. sp. B. Upper view of OU 10,034 (274-10), x35.

Fig. 19.—Idiognathoides marginodosus n. sp. Morphotype C. Upper view of OU 10,298 (274-10),
x 25.

Fig. 22.—Gnathodus n. sp.-Upper view of OU 10,047 (275-18A), x60.

Figs. 24, 25.—Diplognathodus orphanus (Merrill). 24, 1ateral view of OU 10,049 (274-17A), x90;25,
lateral view of OU 10,050 (274-17A), x90.
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Plate 3

(Figured specimens 3, 5, 6, 13, 21, 25, 26, and 27 from Wapanucka Formation; all others from Atoka

Formation)

Figs. 1a, 1b, 7a, 7b, 11, 16, 18, 99.-Neognathodus atokaensis n. sp. la, upper view of holotype, OU
10,051 (274-17c), x 25; 1b, aboral view of same specimen; 7a, aboral view of QU 10,052 (259-Ab),
% 25; 7b, upper view of same specimen; 11, upper view of OU 10,148 (275-18¢), x25; 16, upper
view of paratype, OU 10,149 (274-17d), x 25; 18, upper view of OU 10,1135 (259-Ab), x 25; 22,
upper view of QU 7156 (275-18c), x 25.

Figs. 2, 3, 5, 6,21, 23, 25.—Idiognathodus delicatus Gunnell. 2, upper view of OU 10,047 (259-Ab),
x 45; 3, upper view of OU 10,053 (159-6), x 45; 5, upper view of OU 10,054 (159-6), x 45; 6, upper
view of OU 10,132 (159-6), x 45; 21, upper view of OU 10,133 (159-6), x 45; 23, upper view of OU
10,134 (275-18C), x 45; 25, upper view of OU 10,1365 (275-6B), x45.

Figs. 4, 10, 12, 14.—Idiognathoides marginodosus n. sp. Morphotype C. 4, upper view of OU 10,137
{259-At), x45; 10, upper view of OU 10,139 (274-17A), x 45; 12, upper view of OU 10,140
(274-17A), x 60; 14, upper view of OU 10,138 (259-Ab), x45.

Figs. 13, 15.—Idiognathoides ouachitensis Harlton. 13, upper view of OU 10,142 (277-13), x45; 15,
upper view of OU 10,141 (266-3), x 45.

Figs. 8, 9, 26, 27.—Adetognathus lautus (Gunnell). 8, lateral view of QU 10,143 (266-8), x 45; 9,
lateral view of OU 10,144 (266-8), x 45; 26, lateral view of OU 10,145 (275-6B), x90; 27, lateral
view of OU 10,146 (275-6B), x90.

Figs. 17, 24a, 24b.—Neognathodus bothrops (Merrill). 17, upper view of OU 7158 (274-17d), x 25;
24a, upper view of OU 7159 (259-At), x 25; 24b, aboral view of same specimen.

Fig. 19.—I. marginodosus n. sp. Morphotype A. Upper view of paratype, OU 7157 (275-18A), x 40.

Fig. 20.—Declinognathodus noduliferus (Ellison and Graves). Upper view of OU 10,296 (274-10),
x 40.



61

Morrowan and Atokan Conodonts, Arbuckle Mountains




62

Robert C. Grayson, Jr.

Plate 4

(Figured specimens 1, 4, 9, 10, 14, 15, 18, 19, 20 and 24 from Wapanucka Formation; all others from

Atoka Formation)

Figs.1,6,17,8,17,24.—Idiognathodus delicatus Gunnell. I, upper view of OU 10,150(159-6), x 30; 6,
upper view of OU 10,151 (260-1A), x 30; 7, upper view of OU 10,152 (275-18¢), X 30; 8, upper view
of OU 10,153 (275-18c), x 30; 17, upper view of OU 10,154 (275-18¢), x 30; 24, upper view of OU
10,155 (275-6B), x30.

Figs. 2, 5.—Idiognathoides ouachitensis (Harlton). 2, upper view of OU 10,156 (266-3), x 30;5, upper
view of OU 10,157 (266-3), x 30.

Figs. 3, 13, 14, 19, 20.—Idiognathoides sinuatus Harris and Hollingsworth. 3, upper view of OU
10,159 (266-3), x 30; 13, upper view of OU 10,160 (266-3), x 30; 14, upper view of OU 10,161
(275-9), x 30; 19, upper view of OU 10,162 (275-9), x 30;20, upper view of OU 10,163 (275-9), x 30.

Figs. 4, 10.—Idiognathoides corrugatus (Harris and Hollingsworth). 4, upper view of OU 10,158
(275-6B), x30; 10, upper view of OU 10,164 (275-9), x30.

Figs. 9, 15.—Idiognathoides convexus (Ellison and Graves). 9, upper view of QU 10,165 (275-9), x 30;
15, upper view of OU 10,166 (159-6), x 30.

Figs. 11, 12, 22.—Idiognathoides marginodosus n. sp. Morphotype B. 11, upper view of OU 10,167
(275-18A), x30; 12, upper view of OU 10,168 (275-14), x30; 22, upper view of OU 10,297
(275-18A), x25.

Figs. 16, 21, 23.—Idiognathoides marginodosus n. sp. Morphotype C. 16, upper view of OU 10,169
{274-17D), % 30; 21, upper view of OU 10,170 (274-17D), x30; 23, specimen transitional to
morphotype B, OU 10,171 (274-17D), x25.

Fig. 18.—Idiognathodus expansus (Igo and Koike). Upper view of OU 10,172 (275-6B), x 30.
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CONODONT PLATFORM ELEMENTS FROM THE
WAPANUCKA AND ATOKA FORMATIONS
(MORROWAN-ATOKAN) OF THE
MILL CREEK SYNCLINE
CENTRAL ARBUCKLE MOUNTAINS, OKLAHOMA

R. KENT GRUBBS!

Abstract—Conodont platform elements have been recovered from 56 to 62 intervals sampled in
the Wapanucka, Atoka, and basal Deese Formations of the Mill Creek Syncline. The Wapanucka
fauna is dominated by the genera Idiognathoides and Adetognathus; however, Neognathodus n.
sp.,I. ouachitensis, and the fusulinid Millerella were also recovered from the Wapanucka Forma-
tion. These species indicate a late Morrowan age for the formation in this area. No conodonts were
recovered from the lower 75 feet of the Atoka Formation, but Profusulinella millcreekensis, a
primitive species of the genus, occurs 12 feet above the base. A limited hiatus between the
Wapanucka and Atoka Formations in the Mill Creek Syncline is suggested by the absence of
Eoschubertella and Pseudostaffella in the lowest part of the Atoka Formation. Conodonts from the
middle and upper parts of the Atoka Formation include Neognathodus bothrops, N. medadulti-
mus, Diplognathodus orphanus, D. coloradoensis, and Streptognathodus sp. aff. S. wabaunsensis.
Fusulinids recovered from the same interval have been identified as Fusulinella sp. aff. F. devexa,
F.prolifica, and F. sp. aff. F. leyi. A middle to late Atokan age is indicated for this part of the Atoka
Formation by both the conodonts and the fusulinids. Conodonts recovered from a single sample at
the base of the overlying Deese Formation are indistinguishable from the Atoka fauna, but the
presence of the fusulinid Beedeina indicates a Desmoinesian age for that interval. One new
Idiognathodus morphotype, recovered from both the Wapanucka and Atoka Formations, is

described and figured herein as I. sp. A.

INTRODUCTION

The Mill Creek Syncline is an elongate
northwest—trending structure in the central part
of the Arbuckle Mountains of southern Oklahoma.
Also known as the Mill Creek Graben, the syn-
cline is preserved in a downthrown block between
several larger structures. Because of its structural
position, the Mill Creek Syncline contains a se-
quence of upper Morrowan and Atokan rocks
(Wapanucka and Atoka Formations) that have
been removed by erosion elsewhere in the Arbuck-
les. The nearest coeval strata are approximately
10 miles to the southwest, in the Ardmore Basin
(Dornick Hills Group), and approximately 25
miles to the east and northeast, along the north-
eastern flank of the Arbuckle Mountains (Wapa-
nucka and Atoka Formations). The regional
stratigraphic relations were summarized by
Sutherland and others (1982).

Sections of the Wapanucka and Atoka Forma-
tions in the Mill Creek Syncline were measured at
five localities. Sixty-one 2-kg bulk samples were
collected and processed for conodonts. An addi-
tional sample was collected from the base of the

'Phillips Petroleum Co., 105 Victoria Street, London
SWI1E 6QR, England.
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overlying Deese Formation at one locality (MS
284). Fifty-six of these samples produced 4,517
identifiable conodont platform elements that are
assignable to 23 form-species. The distribution of
these species is shown in figure 1. Both the Wapa-
nucka and Atoka Formations produce relatively
homogenous conodont faunas. However, there is a
dramatic difference in compositional abundance
between the two faunas, accompanied by the
appearance of new taxa. Furthermore, this differ-
ence is apparent in the lowest conodont sample
recovered from the Atoka Formation. This abrupt
faunal change, which is also reflected in the fusu-
linids, suggests the presence of an unconformity
between the Wapanucka and Atoka Formationsin
the Mill Creek Syncline.
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Figure 1. Distribution of conodont specimens recovered from Wapanucka, Atoka, and Deese Formations. Sample
numbers are in proper stratigraphic sequence. For paired species, abundances of left and right elements are given in
section on Systematic Paleontology.
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LOCATION OF MEASURED SECTIONS

All measured sections (MS) are in Johnston
County, Oklahoma. The sections are numbered
280 to 284, from east to west. The distance be-
tween the easternmost and westernmost sections
is approximately 3%z miles. A geologic map of the
area is given by Sutherland and others (1982, p.
12), and columnar sections of MS 282, MS 283, and
MS 284 are given by Grubbs and others (1982).
The names and locations of the sections are (1) MS
280 (Gray Ranch), W.NEV,sec. 17, T. 2 S.,R.5E,;
(2) MS 281 (Howell Ranch), SWYSEVs sec. 7, T. 2
S., R. 5 E.; (3) MS 282 (Mill Creek Quarry), C
Wv.SWvssec. 7, T. 2S., R. 5 E.; (4) MS 283 (Pipe-
line Trench), SWVANWViNWV, sec. 7, T.2S5,R. 5
E.; and (5) MS 284 (Lewis Ranch), C Nv.S¥%: sec. 2,
T.2S,R.4E.

WAPANUCKA FORMATION
Conodont Fauna

The Wapanucka Formation in the Mill Creek
Syncline is about 400 feet thick. The formation is
partially covered; in the best exposed measured
section (MS 280), the exposed beds make up. 48
percent of the total thickness. Wapanucka ex-
posures in the Mill Creek Syncline are almost
exclusively limestone. Skeletal and oolitic grain-
stone and packstones are the dominant lithologic
types; outcrops of wackestones, mudstones, and
shales are uncommon. A total of 2,326 identifiable
platform elements were recovered from 45 Wapa-
nucka limestone samples. Idiognathoides is the
dominant genus, making up 61 percent of the
Wapanucka fauna. Idiognathoides convexus is the
most common species, but Adetognathus lautus,
Idiognathoides sinuatus, and Idiognathodus de-
licatus also occur in large numbers. Although the
Wapanucka Formation is about 400 feet thick,
little compositional variation was observed in the
fauna. This homogeneity suggests rapid deposi-
tion and is consistent with the interpretation by
Sutherland and others (1982) that the Mill Creek
area was on the northern flank of a rapidly subsid-
ing basin (Southern Oklahoma Aulacogen) during
the time of Wapanucka deposition.

Regional Correlation

A sample from near the base of the Wapanucka
Formation in the Mill Creek Syncline produced
Idiognathoides ouachitensis and a single specimen
of Neognathodus n. sp. Uncommon specimens of /.
ouachitensis are scattered throughout the forma-
tion, in addition to common specimens of I. con-
vexus. These conodonts indicate a late Morrowan
age and a correlation with the Neognathodus n.
sp.—Idiognathoides ouachitensis assemblage as
defined in the Wapanucka of the frontal Ouachi-
tas by Grayson (1979; this volume). Thus, the
whole of the Wapanucka Formation exposed in the
Mill Creek Syncline correlates with only the top
few feet of the formation on the northeastern and
castern flanks of the Arbuckle Mountains (see
Grayson, this volume). The covered interval below
the Wapanucka in the Mill Creek Syncline, pre-
sumed to be shale, is believed to correlate with
strata in the Idiognathoides convexus Zone in the
lower and middle parts of the Wapanucka Forma-
tion in the northeastern Arbuckles. In the type
Wapanucka section, at the town of Wapanucka,
this interval is primarily limestone, but at Can-
yon Creek to the west it is mostly shale (see
Sutherland and others, 1982, fig. 6).

In relation to the type Morrowan sequence in
northwestern Arkansas, the Wapanucka Forma-
tion in the Mill Creek Syncline appears to be youn-
ger than the Kessler Limestone Member of the
Bloyd Formation (I. convexus Zone of Lane and
Straka, 1974, and Lane, 1977), based on a compar-
ison of both areas with Grayson’s (this volume)
sequence of conodont assemblages in the frontal
Ouachitas. The Wapanucka of the Mill Creek Syn-
cline appears to have been deposited during the
interval represented by the hiatus between the
Kessler Limestone and overlying Trace Creek
Shale units in northwestern Arkansas. The Trace
Creek contains a definite Atokan conodont
assemblage, thus precluding correlation of the
Mill Creek Wapanucka with that unit.

Groves and Grayson (this volume) proposed an
earliest Atokan age for the uppermost part of the
N. n. sp.—I. ouachitensis assemblage in the frontal
Ouachitas, based on the occurrence at that horizon
of the fusulinid Eoschubertella. However, Grayson
(this volume) places the major part of the interval
characterized by the N. n. sp.—-I. ouachitensis
assemblage in the Morrowan. The whole of the
Wapanucka Formation in the Mill Creek Syncline
is considered to be late Morrowan in age. In addi-
tion to the conodont fauna, an examination of over
100 limestone thin sections by John R. Groves
(University of Iowa) produced Millerella through-
out the Wapanucka, but neither Eoschubertella
nor Pseudostaffella nor Profusulinella.
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ATOKA FORMATION
Conodont Fauna

The Atoka Formation in the Mill Creek Syn-
cline consists of a lower sandstone member (75 to
100 feet thick) and an upper member containing
limestone, sandstone, shale and chert-pebble con-
glomerate (about 440 feet thick). The limestones
of the upper member fall into two general catego-
ries: coarse-grained, crinoidal grainstones/
packstones, and finer grained, spiculiferous mud-
stones/wackestones. These limestones produced
2,087 identifiable platform elements from 10 sam-
ples. Most of the samples were taken from MS 284;
elsewhere in the Mill Creek Syncline, the Atoka is
poorly exposed. The conodont fauna from the Ato-
ka Formation is fundamentally different from the
Wapanucka fauna in several respects. In the Ato-
ka Formation, the genera Idiognathodus, Neog-
nathodus, and Streptognathodus make up 58 per-
cent, 17 percent and 14 percent of the fauna, re-
spectively. The genera Idiognathoides and Ade-
tognathus, which dominate the Wapanucka
fauna, represent only 12 percent and 1 percent of
the Atoka fauna. Certainly the significant en-
vironmental differences between the two forma-
tions in the Mill Creek Syncline (see Sutherland
and others, 1982) may be partially responsible for
the large difference in faunal composition, es-
pecially in the case of Adetognathus. However,
comparison of the Atoka fauna in the Mill Creek
Syncline with other faunas of Atokan age in-
dicates that the difference is primarily temporal
rather than environmental. Furthermore, the
faunal change is abrupt. Five species that do not
occur in the Wapanucka in the Mill Creek Syn-
cline appear in the lowest sample taken from the
Atoka (unit 284-27A, about 78 feet above the base
of the Atoka). These species are Idiognathoides
sulcatus, Neognathodus bothrops, Neognathodus
medadultimus, Diplognathodus orphanus, and
Streptognathodus sp. aff. S. wabaunsensis. Di-
plognathodus coloradoensis appears in the next
higher sample (unit 284-29D, about 117 feet above
the base). This dramatic faunal change is also
reflected in the fusulinids. As previously stated,
the Wapanucka Formation in the Mill Creek Syn-
cline produced only Millerella. However, a
calcareous sandstone near the base of the Atoka
Formation in MS 283 produced specimens de-
scribed by Douglass and Nestell (this volume) as
Profusulinella millcreekensis n. sp., a primitive
form of the genus (Grubbs and others, 1982, p. 33).
The interval that produced these specimens is
only 11 feet stratigraphically higher than the
highest Wapanucka limestone exposed in that sec-
tion. In MS 284, the interval in which five new
conodont species appeared (unit 284-27A) also
contains specimens assignable to Fusulinella
{Grubbs and others, 1982, p. 35). The change in
both the conodont and the fusulinid faunas, and in

particular the absence of Eoschubertella and
Pseudostaffella, suggests a hiatus between the
Wapanucka and Atoka Formations in the Mill
Creek Syncline.

Regional Correlation

No conodonts were collected from the sandstone
interval in the lower 75 to 100 feet of Atoka
Formation in the Mill Creek Syncline. Conodonts
and fusulinids recovered from the formation above
the sandstone indicate a middle to late Atokan age
for that part of the sequence. In MS 284, the in-
terval between units 27 and 43 inclusive (75 to 230
feet above the base) is characterized by the con-
odonts N. bothrops, N. medadultimus (in fewer
numbers than N. bothrops), D. orphanus, and D.
coloradoensis, and by fusulinids of the group that
includes Fusulinella prolifica and F. sp. aff. F.
devexa (Douglass and Nestell, this volume). These
species suggest a middle Atokan age. At unit 54 in
MS 284 (402 feet above the base of the Atoka), the
conodont fauna is essentially the same; but the
fusulinids recovered from this interval are more
advanced (F. sp. aff. F. leyi), indicating a late Ato-
kan age (Douglass and Nestell, this volume).

A general correlation can be made between ex-
posures of the Atoka Formation in the Mill Creek
Syncline and those in the northeastern Arbuckle
Mountains. In both areas, the occurrence of N.
bothrops and N. medadultimus, and fusulinids of
the group that includes F. prolifica and F. devexa,
suggests that the two sequences are approximate-
ly coeval.

DEESE FORMATION

The Deese Formation overlies the Atoka
Formation in the Mill Creek Syncline. It is com-
posed primarily of limestone-cobble conglomerate
and is estimated to be several thousand feet thick
(Ham, 1969). One conodont sample was collected
from a limestone interval in the lower part of the
Deese, in MS 284. This sample produced only
three species (I. delicatus, N. bothrops, and S. sp.
aff. S. wabaunsensis) and is indistinguishable
from samples recovered from the Atoka Forma-
tion. However, this limestone interval also con-
tains fusulinids of Desmoinesian age, including
Beedeina lewisi n. sp. and Wedekindellina
praematura n. sp. (Douglass and Nestell, this
volume). The Atoka—Deese contact is believed to
be unconformable, based on regional stratigraphic
evidence (Sutherland and others, 1982).

SYSTEMATIC PALEONTOLOGY

Genus Adetognathus Lane, 1967
Adetognathus lautus (Gunnell, 1933)

Description.—See Lane and Straka, 1974.
Material.—Sinistral, 221; dextral, 278.



Conodont Elements from Wapanucka and Atoka Formations, Oklahoma 69

Adetognathus spathus (Dunn, 1966)
Material.—Sinistral, 13; dextral, 8.

Genus Diplognathodus Kozur and Merrill in
Kozur, 1975

Diplognathodus coloradoensis (Murray and
Chronic, 1965)
Pl 1, figs. 1,2

Spathognathodus coloradoensis Murray anp CHRoNIC,
1965, p. 606-607, pl. 72, figs. 11-13; Wesster, 1969, p.
44, pl. 7, fig. 7; Lane anp Straka in Lane and others,
1971, pl. 1, fig. 23; Merrwr, 1973, p. 304, pl. 3, figs.
20-42 (non Spathognathodus coloradoensis Murray
anp Curonic; Koike, 1967, pl. 3, figs. 23, 24—S.
minutus).

Gnathodus atetsuensis Koike, 1967, p. 295, pl. 1, figs.
6-8.

“Spathognathodus” coloradoensis Murray anp CHRONIC;
MerriLL, 1974, pl. 1, figs. 23, 24; pl. 2, figs. 38, 39.
Diplognathodus coloradoensis (Murray and Chronic);
MEerriL, 1975, p. 48-50, figs. 16: 40, 17: 16; LanpiN AND
WarpLaw, 1981, p. 1257-1259, pl. 1, figs. 22,37, 4,5, 8
(non Diplognathodus coloradoensis (Murray and
Chronic); Lanpive anp Waroraw, 1981, pl. 1, figs. 1,6, 7,

9, 10—D. orphanus).

Description.—See Merrill, 1973.
Material.—Five specimens.

Diplognathodus orphanus (Merrill, 1973)
Pl 1, figs. 3, 4

Spathognathodus orphanus MerriLL, 1973, p. 309, pl. 3,
figs. 45-56.

“Spathognathodus” orphanus MerriLL; MERRILL, 1974, pl.
1, figs. 25-27.

Diplognathodus coloradoensis (Murray and Chronic);
Lanpine ano WaroLaw, 1981, pl. 1, figs. 1, 6, 7, 9, 10.

Description.—See Merrill, 1973.

Remarks.—D. orphanus is distinguished from
D. coloradoensis by the carina; it is coarsely den-
ticulate in the former and a relatively nondenticu-
late smooth ridge (“spatula”) in the latter. Both of
these species are distinctive members of the Atoka
fauna in the Mill Creek Syncline.

Material.—19 specimens.

Genus Idiognathodus Gunnell, 1931

Remarks.—Unfortunately, the present state of
Idiognathodus taxonomy is extremely confusing.
Therefore, following Webster (1969) and Merrill
(1975), those specimens with relatively con-
tinuous transverse ridges that comprise the bulk
of the fauna have been placed in one species, I.
delicatus. One unique, previously undescribed
morphotype was recovered in this study, and it is
described herein as I. sp. A.

Idiognathodus claviformis Gunnell, 1931
Material.—Sinistral, 8; dextral, 6.

Idiognathodus delicatus Gunnell, 1931
Pl 1, figs. 5-7

Description.——See Merrill, 1975.
Material. —Sinistral, 722; dextral, 693.

Idiognathodus parvus (Dunn, 1966)

Material —58 specimens.

Idiognathodus sp. A
PL 1, figs. 12-15

Description.—In upper view, the platform is
moderately narrow, strongly incurved, and sharp-
ly pointed posteriorly. The platform may be in-
curved from either the right or the left side, mak-
ing this a paired species with Class II symmetry
(Lane, 1968). The free blade joins the platform in a
medial position and continues as a carina-like
ridge for at least half the platform length. Widely
spaced, oblique transverse ridges are well de-
veloped in the posterior two-thirds of the platform.
The ridges continue across the “carina,” givingita
nodose appearance. Nodose accessory lobes are
common along the anterior inner margin and are
well set off from the platform. Weaker lobes may
be present along the outer anterior margin of lar-
ger specimens. In transverse view, the upper plat-
form surface is flat to slightly convex and is
bisected by the elevated “carina.” In lateral view,
the conodont is arched, with the point of flexure
being in the anterior one-third of the platform. An
intact free blade was not observed in this study,
but these forms are assumed to have typical idiog-
nathodid blade morphology. In lower view, these
forms resemble I. delicatus.

Remarks.—This morphotype is distinguished
from I. delicatus by its “carina.” In the Mill Creek
Syncline, I. sp. A appears in the upper part of the
Wapanucka Formation and continues in greater
abundance through the Atoka Formation.

Material.—Sinistral, 19; dextral, 13.

Genus Idiognathoides Harris and
Hollingsworth, 1933

Remarks.—Several workers (Lane and Straka,
1974; Landing and Wardlaw, 1981) have sug-
gested that the morphologically distinct sinistral
and dextral elements formerly assigned to I.
sinuatus and I. corrugatus, respectively, should be
placed in a single paired species, I. sinuatus (Class
IIIb symmetry of Lane, 1968; “parasymmetry
pair” of Landing and Wardlaw, 1981), because
they commonly occur together, in approximately
equal numbers, and have similar ranges. The re-
sults of my study generally agree with this con-
cept. In the Wapanucka and Atoka Formations in
the Mill Creek Syncline, sinistral and dextral ele-
ments of this species occur in approximately equal
numbers in the same samples, and they display



70 R. Kent Grubbs

similar ranges. The difficulty lies in determining
how the elements were paired in the conodont
apparatus (/. sulcatus, which was recovered from
the Atoka Formation, is excluded from this discus-
sion because it displays Class II symmetry of
Lane, 1968). The dextral elements of Idiog-
nathoides recovered in this study can be placed
into three species with fairly distinct morpholo-
gies: I. convexus, I. ouachitensis, and I. corrugatus.
The sinistral elements, however, are much more
homogenous morphologically, and in general they
resemble only one species, I. sinuatus. It is certain-
ly possible that the sinistral elements that were
paired with a particular dextral morphotype (for
example, I. convexus) are indistinguishable from
sinistral elements that were paired with a differ-
ent dextral morphotype (for example, I. corruga-
tus), or that they were paired in a random fashion.
Alternatively, there could be subtle morphologic
traits among sinistral elements that allow them to
be related to a particular dextral morphotype. For
example, Lane and Straka (1974, p. 84) stated that
“the left (=sinistral) element of I. convexus is
much like the left element of I. sinuatus, except
that the central trough is generally longer and
deeper in I. convexus.”

An attempt was made in this study to determine
if subtle morphologic distinctions could be made
among the sinistral elements and related to the
dominance of a particular dextral morphotype in
the same sample. Using this approach, the follow-
ing observations can be made: (1) In samples
where I. corrugatus dextral elements were domi-
nant, the sinistral elements tended to have short
median grooves, generally restricted to the anteri-
or half of the platform (pl. 2, figs. 1, 2); (2) in
samples where I. convexus dextral elements were
dominant, the sinistral elements tended to have
narrower platforms and longer median grooves
(pl. 2, figs. 5, 6); (3) in samples where I.
ouachitensis dextral elements were dominant, the
sinistral elements tended to have median grooves
that extended to, or nearly to, the posterior tip,
bisecting the platform longitudinally into outer
(higher) and inner (lower) platform margins (pl. 2,
figs. 10, 11). Using the above criteria, the sinistral
elements in this study were paired with their cor-
responding dextral elements, creating three “pa-
rasymmetrically” paired species, I. convexus, I.
ouachitensis, and, following Lane and Straka
(1974) and Landing and Wardlaw (1981), I.
sinuatus.

Idiognathoides convexus (Ellison and Graves,
1941)
Pl. 2, figs. 5-8

Dextral elements:

Polygnathodella convexa Eiuison anp Graves, 1941, p. 9,
pl. 3, figs. 10, 12, 16.

Polygnathodella cf. convexa ELuson anp Graves; Koike,
1967, p. 308-309, pl. 3, figs. 1, 2.

Idiognathoides convexus (Ellison and Graves); Wessteg,
1969, p. 37, pl. 5, figs. 17, 18; Duny, 1970, p. 334-335,
pl. 63, fig. 20; Lane annStraka in Lane and others, 1971,
pl. 1, fig. 19; Wesster in Lane and others, 1971, pl. 1,
fig. 18.

Description.—Dextral elements, see Dunn,
1970.
Material —Sinistral, 456; dextral, 476.

Idiognathoides ouachitensis (Harlton, 1933)
Pl. 2, figs. 9-13

Sinistral elements:

Polygnathodella ouachitensis Haruton; EvLison, 1972, pl.
1, fig. 5.

?Idiognathoides sinuatus Harris anp HoLuingsworTH; Lanb.
NG aND WarpLaw, 1981, pl. 2, figs. 8-10, 12, 14.

Dextral elements:

Polygnathodella ouachitensis Harrton, 1933, p. 15, pl. 4,
fig. 14; ErLson anp Graves, 1941, p. 10, pl. 3, figs. 8, 9;
Ewuson, 1972, pl. 1, figs. 6, 7 (non Polygnathodella
ouachitensis Harcron; Kowe, 1967, pl. 3, figs. 3-5—1.
stnuatus).

Udiognathoides sinuatus Harris anp HoLLingsworts; Lanb.
NG anp WarbLaw, 1981, pl. 2, figs. 20, 21.

Description.—Dextral elements, see Harlton,
1933.

Remarks.—Dextral elements of I. ouachitensis
are distinguished from those of I. sinuatus by the
presence of a median trough in the former.
Although intergradation between the two mor-
photypes was observed in this study, many speci-
mens of I. ouachitensis displayed very well de-
veloped troughs (pl. 2, figs. 9, 13).

Material —Sinistral, 89; dextral, 92.

Idiognathoides sinuatus Harris and
Hollingsworth, 1933
Pl 2, figs. 14

Sinistral elements:

Idiognathoides sinuata Harris ano HoLLinesworTH, 1933, p.
201-202, pl. 1, fig. 14; Lang, 1967, p. 937-938, pl. 119,
figs. 1-9, 12-15; pl. 123, figs. 7, 8, 12.

Cavusgnathus sinuata (Harris and Hollingsworth); Eu
son anp Graves, 1941, p. 5-6, pl. 3, figs. 1, 5, 7.

Gnathodus opimus Ico ano Koke, 1964, pl. 28, fig. 18;
Wesster, 1969, pl. 5, fig. 20.

Idiognathoides sinuatus Harris anp HoLLiNgsworTH; Duny,
1970, p. 335, pl. 63, figs. 14, 15, 21-23; Lane ANDSTRAKA
in Lane and others, 1971, pl. 1, figs. 12, 14; Lane anp
Straka, 1974. p. 88-89, fig. 37: 18, 23-26, fig. 41: 20—
27; LanpiNe axp WarpLaw, 1981, p. 1262-1263. pl. 2, figs.

11?, 132

Dextral elements:

Idiognathodus corrugata Harris ano HoLringsworh, 1933,
p. 202-203, pl. 1, figs. 7, 8.

Polygnathodella attenuata (Harris and Hollingsworth);
Eruson anp Graves, 1941, pl. 3, figs. 11, 13-15.
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Idiognathoides corrugate (Harris and Hollingsworth);
Lang, 1967, p. 939, pl. 122, figs. 1, 2, 4-7, 9-11.

Polygnathodella ouachitensis Hariron; Koike, 1967, pl. 3,
figs. 3-5.

Idiognathoides corrugatus (Harris and Hollingsworth);
Do, 1970, p. 355, pl. 63, figs. 16,17, 187, 25; Lane anp
Srraka in Lane and others, 1971, pl. 1, fig. 13.

Idiognathoides sinuatus (Harris and Hollingsworth);
Lane anp STRAKA, 1974, p. 88-89, fig. 37: 14, 15, 20, 36,
fig. 41: 1-14; LanpinG aND WaRDLAW, 1981, p. 1262-1263,
pl. 2, figs. 15-19.

Description.—Sinistral and dextral elements,
see Lane, 1967.
Material. —Sinistral, 238; dextral, 255.

Idiognathoides sulcatus Higgins and
Bouckaert, 1968

Material.—Sinistral, 30; dextral, 29.

Idiognathoides sp. aff. I. noduliferus (Ellison
and Graves, 1941)

Material.—Sinistral, 1.

Genus Neognathodus Dunn, 1970
Neognathodus bothrops Merrill, 1972
Pl. 3, figs. 1, 2, 5-9

Gnathodus roundyi GusneLL; Mcrray anp Crronic, 1965,
pl. 71, figs. 3, 4.

Streptognathodus colombiensis StiBaNE, 1967, p. 336, taf.
36, figs. 1-10.

Streptognathodus elegantulis STAUFFER aND PLUMMER; St
Bang, 1967, p. 336, taf. 36, figs. 19-22.

Gnathodus bassleri Harris anp HovLingsworts; WEBSTER,
1969, pl. 5, figs. 9, 14, 15; Wesster in Lane and others,
1971, pl. 1, fig. 26?

Gnathodus 1. sp. A MerriLL in Lane and others, 1971, pl.
1, fig. 31.

Neognathodus n. sp. A MerriLL ano King, 1971, p. 659-
660, pl. 76, figs. 7-10.

Neognathodus bothrops MerriLL. 1972, p. 823824, pl. 1,
figs. 8-15; MerniLt, 1974, pl. 1, figs. 5, 11, 12; MERRILL,
1975, p. 69, fig. 17: 63—66.

Neognathodus colombiensis (Stibane); SUTHERLAND and
others, 1982, p. 11, 13, 30, 36.

Description.—See Merrill, 1972.

Remarks.—N. bothrops is characterized by a
carina that is fused for its entire length, and that
continues to the posterior tip of the platform.
However, a few specimens were recovered whose
carina is fused but does not extend to the posterior
tip (pl. 3, figs. 1, 2). These forms are considered to
be variants of N. bothrops and are not considered
to be conspecific with N. bassleri, whose carina is
markedly nodose in its posterior half.

Material.—286 specimens.

Neognathodus medadultimus Merrill, 1972
Pl. 3, figs. 3, 4, 10-13

Gnathodus roundyi GunneLL; Murray anp Chronie, 1965,
pl. 71, figs. 1, 2.

Streptognathodus asymmetricus Stisane, 1967, p. 335-
336, taf. 36, figs. 11-18.

Neognathodus medadultimus MerriLi, 1972, p. 824-825,
pl. 1, figs. 2-7; pl. 2, fig. 19; MerrwL, 1974, pl. 1, figs.
94, 10; MerruL, 1975, p. 69, fig. 15: 44; fig. 16: 25: fig.
17: 8, 30, 67.

Description.—See Merrill, 1972

Remarks.—N. medadultimus is the direct de-
scendant of N. bothrops in the evolutionary
lineage proposed by Merrill (1972). Whereas in-
tergradation was observed between the two spe-
cies in this study, there was no trend toward the
development of N. medadultimus from N.
bothrops, because both occur together (see fig. 1).

Material.—61 specimens.

Genus Spathognathodus Branson and Mehl,
1941

Spathognathodus minutus (Ellison, 1941)

Material.—58 specimens.

Genus Streptognathodus Stauffer
and Plummer, 1932

Streptognathodus anteeccentricus Dunn,
1966

Material.—Sinistral, 29; dextral, 52.

Streptognathodus elegantulus Stauffer and
Plummer, 1932

Material —Sinistral, 4; dextral, 5.

Streptognathodus expansus Igo and Koike,
1964

Material —Sinistral, 1.

Streptognathodus suberectus Dunn, 1966
Material —Dextral, 1.

Streptognathodus sp. aff. S. wabaunsensis
Gunnell, 1933
Pl 1, figs. 8-11

Idiognathodus delicatus GunNeLL; LanpING AND WARDLAW,
1981, pl. 2, fig. 1.

Description.—The upper platform surface is
shallowly concave, with a sharp medial crease. In
all other respects, these forms are similar to I.
delicatus.

Remarks.—These specimens are similar to
those referred to as “streptognathodan” I. de-
licatus elements by Landing and Wardlaw (1981,
p. 1260, 1262). While it is true that elements of S.
sp. aff. S. wabaunsensis and I. delicatus in-
tergraded morphologically in this study, the
generic distinction was retained owing to their
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differing ranges (the former was recovered from
only the Atoka and basal Deese Formations; see
fig. 1).

Material —Sinistral, 122; dextral, 149.

Streptognathodus spp.
Material—Sinistral, 10; dextral, 9.

REFERENCES CITED

Branson, E. B., and Mehl, M. G., 1941, New and little
known Carboniferous conodont genera: Journal of
Paleontology, v. 15, p. 97-106.

Dunn, D. L., 1966, New Pennsylvanian conodonts from
southwestern United States: Journal of Paleontology,
v. 40, p. 1294-1303.

1970, Middle Carboniferous conodonts from west-
ern United States and phylogeny of the platform
group: Journal of Paleontology, v. 44, p. 312-342.

Ellison, Samuel, 1941, Revision of the Pennsylvanian
conodonts: Journal of Paleontology, v. 15, p. 107-143.

1972, Conodont taxonomy in the Pennsylvanian:
Geologica et Paleontologica, SB 1, p. 127-146.

Ellison, Samuel, and Graves, R. W., Jr., 1941, Lower
Pennsylvanian (Dimple limestone) conodonts of the
Marathon region, Texas: University of Missouri,
School of Mines and Metallurgy Bulletin, Technical
Series, v. 14, no. 3, 21 p.

Grayson, R. C., Jr., 1979, Stop descriptions—fifth day,
in Sutherland, P. K., and Manger, W. L., editors, Mis-
sissippian—Pennsylvanian shelf-to-basin transition,
Ozark and Ouachita regions, Oklahoma and Arkan-
sas: Oklahoma Geological Survey Guidebook 19, p.
67-76.

Grubbs, R. K., Sutheriand, P. K., Douglass, R. C.,
and Nestell, M. K., 1982, Stop descriptions—Mill
Creek Syncline, in Sutherland, P. K., editor, Lower
and Middle Pennsylvanian stratigraphy in south-
central Oklahoma: Oklahoma Geological Survey
Guidebook 20, p. 30-37.

Gunnell, F. H., 1931, Conodonts from the Fort Scott
limestone of Missouri: Journal of Paleontology, v. 5, p.
244-252.

1933, Conodonts and fish remains from the Cher-
okee, Kansas City, and Wabaunsee groups of Missouri
and Kansas: Journal of Paleontology, v. 7, p. 261-297.

Ham, W. E., 1969, Regional geology of the Arbuckle
Mountains, Oklahoma: Oklahoma Geological Survey
Guidebook 17, 52 p.

Harlton, B. H., 1933, Micropaleontology of the Penn-
sylvanian Johns Valley shale of the Ouachita Moun-
tains, Oklahoma, and its relationship to the Mis-
sissippian Caney shale: Journal of Paleontology, v. 7,
p- 3-29.

Harris, R. W., and Hollingsworth, R. V., 1933, New
Pennsylvanian conodonts from Oklahoma: American
Journal of Science, series 5, v. 25, p. 193-204.

Higgins, A. C., and Bouckaert, J., 1968, Conodont
stratigraphy and palaeontology of the Namurian of
Belgium: Belgique service Geol. Mem. 10, 64 p.

Igo, H., and Koike, T., 1964, Carboniferous conodonts
from the Omi Limestone, Niigata Prefecture, central
Japan (studies of Asian conodonts, Pt. I): Paleont. Soc.
Japan Trans. and Proc., N.S., no. 53, p. 179-193.

Koike, T., 1967, A Carboniferous succession of conodont

faunas from the Atetsu Limestone in southwest Japan
(studies of Asiatic conodonts, Pt. VI): Tokyo Kyoiku
Daigaku Science Reports, Sec. C, Geology, Mineralo-
gy, and Geography, v. 9, no. 93, p. 279-318.

Kozur, H., 1975, Beitrige zur Condontenfauna des
Perm: Geol. Paldontol. Mitt. Innsbruck, v. 5, p. 1-44.

Landing, E., and Wardlaw, B. R., 1981, Atokan con-
odonts from the Pennsylvanian outlier of the Michi-
gan Basin: Journal of Paleontology, v. 55, p. 1251-
1269.

Lane, H. R., 1967, Uppermost Mississippian and Lower
Pennsylvanian conodonts from the type Morrowan re-
gion, Arkansas: Journal of Paleontology, v. 41, p. 920-
942.

1968, Symmetry in conodont element-pairs: Jour-

nal of Paleontology, v. 42, p. 1258-1263.

1977, Morrowan (Early Pennsylvanian)} con-
odonts of northwestern Arkansas and northeastern
Oklahoma, in Sutherland, P. K., and Manger, W. L.,
editors, Upper Chesterian—-Morrowan stratigraphy
and the Mississippian—-Pennsylvanian boundary in
northeastern Oklahoma and northwestern Arkansas:
Oklahoma Geological Survey Guidebook 18, p. 177-
180.

Lane, H. R., Merrill, G. K., Straka, J. J., II, and
Webster, G. D., 1971, North American Pennsylva-
nian conodont biostratigraphy, in Sweet, W. C., and
Bergstrém, S. M., editors, Symposium on conodont
biostratigraphy: Geological Society of America
Memoir 127, p. 395-414.

Lane, H. R., and Straka, J.dJ., 1974, Late Mississippian
and Early Pennsylvanian conodonts, Arkansas and
Oklahoma: Geological Society of America Special Pa-
per 152, 144 p.

Merrill, G. K., 1972, Taxonomy, phylogeny, and
biostratigraphy of Neognathodus in Appalachian
Pennsylvanian rocks: Journal of Paleontology, v. 46,
p. 817-829.

1973, Pennsylvanian nonplatform conodont

genera, L. Spathognathodus: Journal of Paleontology,

v. 47, p. 289-314.

1974, Pennsylvanian conodont localities in north-

eastern Ohio: Ohio Division of Geological Survey

Guidebook 3, 29 p.

1975, Pennsylvanian conodont biostratigraphy
and paleoecology of northwestern Illinois: Geological
Society of America Microform Publication 3, 129 p.

Merrill, G. K., and King, C. W., 1971, Platform con-
odonts from the lowest Pennsylvanian rocks of north-
western Illinois: Journal of Paleontology, v. 45, p.
645-664.

Murray, F. N., and Chronic, J., 1965, Pennsylvanian
conodonts and other fossils from insoluble residues of
the Minturn Formation (Desmoinesian), Colorado:
Journal of Paleontology, v. 39, p. 594-610.

Stauffer, C. R., and Plummer, H. J., 1932, Texas Penn-
sylvanian conodonts and their stratigraphic relations:
University of Texas Bulletin 3201, Contributions to
Geology, p. 13-50.

Stibane, F. R., 1967, Conodonten des Karbons aus den
nordlichen Anden siidamerikas: Neues Jahrbuch fiir
Geologie und Paleontologie, Abhandlungen, v. 128, p.
329-340.

Sutherland, P. K., Archinal, B. E., and Grubbs, R.K,,
1982, Morrowan and Atokan (Pennsylvanian)
stratigraphy in the Arbuckle Mountains area, Okla-
homa, in Sutherland, P. K., editor, Lower and Middle
Pennsylvanian stratigraphy in south-central Oklaho-




Conodont Elements from Wapanucka and Atoka Formations, Oklahoma 73

ma: Oklahoma Geological Survey Guidebook 20, p. and stratigraphy of northern Clark and southern Lin-
1-17. coln Counties, Nevada: University of California Publi-

Webster, G. D., 1969, Chester through Derry conodonts cations in Geological Sciences, v. 79, 121 p.



74

R. Kent Grubbs

Plate 1
(All specimens from Atoka Formation)

Figs. 1, 2—Diplognathodus coloradoensis (Murray and Chronic). 1, upper view, and 2, lateral view,
x 70 (OU 10174, unit 282-14).

Figs. 3, 4.—Diplognathodus orphanus (Merrill). 3, lateral view, x 70(0OU 10175, 284-27A); 4, lateral
view, x 70 (OU 10176, 281-16B).

Figs. 5-7.—Idiognathodus delicatus Gunnell. 5, upper view of sinistral element, x50 (OU 10177,
284-27A); 6, upper view of dextral element, x50 (OU 10178, 284-27A); 7, lower view of sinistral
element, x50 (OU 10179, 284-27A).

Figs. 8-11.—Streptognathodus sp. aff. S. wabaunsensis Gunnell. 8, inner oblique-lateral view of
dextral element, x 70 (OU 10180, 284-43B); 9, upper view of sinistral element, x 70 (OU 10181,
284-43A); 10, inner oblique-lateral view of dextral element, x 70 (OU 10182, 284-43A); 11, inner
oblique-lateral view of sinistral element, x 70 (OU 10183, 284-43B).

Figs. 12-15.—Idiognathodus sp. A. 12, inner oblique-lateral view of dextral element, x70 (OU
10184, 284-27A); 13, upper view of sinistral element, x 70 (OU 10185, 284-27A); 14, upper view of
dextral element, x70 (OU 10186, 282-14); 15, inner oblique-lateral view of dextral element,
x 100 (OU 10187, 282-14).
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Plate 2
(All specimens from Wapanucka Formation unless noted otherwise)

Figs. 14.—Idiognathoides sinuatus Harris and Hollingsworth. 1, upper view of sinistral element,
x70(0U 10188, unit 284-3A); 2, upper view of sinistral element, x 70 (OU 10189, 284-8); 3, upper
view of dextral element, x70 (OU 10190, 284-8); 4, upper view of dextral element, x70 (OU
10191, 284-3A).

Figs. 5-8.—Idiognathoides convexus (Ellison and Graves). 5, upper view of sinistral element, X 70
(0OU 10192, 284-8); 6, upper view of sinistral element, x 70 (QU 10193, 284-6A); 7, upper view of
dextral element, x70 (OU 10194, 284-8); 8, upper view of dextral element, x70 (OU 10195,
284-6A).

Figs. 9-13.—Idiognathoides ouachitensis (Harlton). 9, inner oblique-lateral view, and 13, upper
view, x 70 (OU 10196, 281-16B); 10, upper view of sinistral element, x 70 (OU 10197, 281-16B);
11, upper view of sinistral element, x 70 (OU 10198, 281-16B); from Atoka Formation; 12, inner
oblique-lateral view of dextral element, x 70 (OU 10199, 284-3A).
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Plate 3
(All specimens from Atoka Formation)

Figs. 1, 2, 5-9.—Neognathodus bothrops Merrill. 1, upper view, X 70 (OU 10200, unit 284-43A); 2,
upper view, x70 (OU 10201, 281-16B); 5, lateral view, and 6, lower view, x50 (OU 10201,
284-27A); 7, upper view, x 70 (OU 10203, 284-43B); 8, upper view, X 70 (QU 10204, 281-16B); 9,
upper view, x 70 (OU 10205, 284-27A).

Figs. 3, 4, 10-13.—Neognathodus medadultimus Merrill. 3, upper view, x 70 (OU 102086, 284-43A);
4, upper view, x 70 (OU 10207, 281-16B); 10, upper view, x70 (OU 10208, 281-16B); 11, upper
view, x 70 (QU 10209, 281-16B); 12, upper view, x 70 (OU 10210, 281-16B); 13, upper view, x 70
(OU 10211, 281-16B).
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CALCAREOUS FORAMINIFERS AND CONODONTS FROM
THE WAPANUCKA FORMATION (LOWER-MIDDLE
PENNSYLVANIAN), FRONTAL OUACHITA MOUNTAINS
SOUTHEASTERN OKLAHOMA

JoHN R. GrovEs! and ROBERT C. GRAYSON, JR.2

Abstract—Three conodont assemblages are recognized locally in the Wapanucka Formation of the
frontal Ouachita Mountains, southeastern Oklahoma. They are, in ascending order: (1) Idiog-
nathoides convexus—Idiognathodus delicatus assemblage, (2) Neognathodus n. sp. A—
Idiognathoides ouachitensis assemblage, and (3) Idiognathodus n. sp.—Diplognathodus spp.
assemblage. Examination of coincident foraminiferal collections demonstrates that the appear-
ances of the primitive fusulinids Eoschubertella and Staffella? are roughly parallel with the base of
the Idiognathodus n. sp.—Diplognathodus spp. assemblage. We equate this level with the base of
the Atokan Series, whereas the subjacent Neognathodus n. sp.—Idiognathoides ouachitensis
assemblage is questionably Morrowan or Atokan, and the lowermost Idiognathoides convexus—
Idiognathodus delicatus assemblage is confidently interpreted to be late Morrowan.

INTRODUCTION

The question of the position of the lower bound-
ary of the chronostratigraphic interval between
the Morrowan and Desmoinesian Series (Penn-
sylvanian) has been addressed by numerous au-
thors within the past decade (see references in
Sutherland and Manger, 1983). Despite these
efforts, little consensus exists as to its exact place-
ment, or even the proper name for the interval it
denotes. A major stumbling block to the resolution
of these problems has been our limited un-
derstanding of the nature of the biota of this in-
terval, and of chronostratigraphic relationships
among key taxa of various fossil groups. Histor-
ically, fusulinid foraminifers have been used near-
ly exclusively to recognize the boundary, with
only a few attempts made to integrate fusulinid
biostratigraphic information with that of other
groups (e.g., Lane and others, 1972).

The purpose of this paper is to report occur-
rences of calcareous foraminifers (fusulinids in-
cluded) and conodonts from coincident samples of
rocks that apparently span the boundary interval
in question. We hope these findings will contrib-
ute toward a better understanding of the rela-
tionships between these groups at this level.

The Wapanucka Formation is exposed repeat-
edly in a series of thrust-fault blocks in the frontal
QOuachita Mountains of southeastern Oklahoma
(fig. 1) and recently was the subject of detailed
lithostratigraphic and conodont biostratigraphic
investigations by Grayson (1979, 1980). The con-
odont assemblages recognized here are based on
collections from 33 measured sections (Grayson,

!Department of Geology, Oklahoma State University,
Stillwater, Oklahoma.

?Department of Geology, Baylor University, Waco,
Texas.
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1979, fig. 104), whereas the foraminiferal data
generated by Groves are derived from four locali-
ties (fig. 1; Appendix).

Acknowledgments

We gratefully acknowledge the efforts of P. K.
Sutherland for assisting us with various aspects of
this study, and Lu Willis for expertly preparing
several hundred thin sections. R. C. Douglass,
P. L. Brenckle, Gilbert Klapper, W. L. Manger,
and P. K. Sutherland reviewed early drafts of this
manuscript.

CONODONT ASSEMBLAGES

Three conodont assemblages are recognized
locally in the Wapanucka Formation of the frontal
QOuachitas. They are, in ascending order: (1) Idiog-
nathoides convexus—Idiognathodus delicatus
assemblage, (2) Neognathodus n. sp. A~Idiogna-
thoides ouachitensis assemblage, and (3) Idiog-
nathodus n. sp.—Diplognathodus spp. assemblage.
Each assemblage, as we employ the term, repre-
sents a distinctive association of conodonts that
provides the basis for local biostratigraphic cor-
relations. The assemblages, however, are un-
doubtedly controlled environmentally, and their
interregional chronostratigraphic integrity is
largely untested. We therefore defer designation
of them as formal zones. Figure 2 illustrates the
relationships of the assemblages to
lithostratigraphic subdivisions of the Wapa-
nucka. Figures 3-6 illustrate occurrences of key
conodonts and foraminifers.

Idiognathoides convexus—
Idiognathodus delicatus Assemblage

The Idiognathoides convexus—Idiognathodus
delicatus assemblage is recognized as the interval
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Figure 1. Index map of frontal Ouachita Mountains and locations of numbered measured sections from which micro-
fossil-occurrence data are presented in figures 3—6. After Grayson (1979).

from the appearance of one or both of the name-
bearers up to the appearances of Neognathodus n.
sp. A and/or Idiognathoides ouachitensis. The
assemblage occurs in approximately the lower
one-third of the Wapanucka, including part or all
of the Chickachoc Chert and the lower part of the
lower limestone members (fig. 2). Associated spe-
cies include Adetognathus lautus and An-
chignathodus minutus.

Neognathodus n. sp. A—Idiognathoides
ouachitensis Assemblage

The Neognathodus n. sp. A-Idiognathoides
ouachitensis assemblage is defined as the interval
from the appearance of one or both of the name-
bearers up to the appearance of Idiognathodus n.
sp. and (or) Diplognathodus spp. This assemblage
occurs in approximately the middie one-third of
the Wapanaucka, including the upper part of the
lower limestone, all of the middle shale, and the
lower part of the upper sandstone-limestone
members (fig. 2). Associated species include those
of the subjacent Idiognathoides convexus—
Idiognathodus delicatus assemblage plus Neogon-
dolella clarki and early gondolellids.

Idiognathodus n. sp.—Diplognathodus spp.
Assemblage

The base of the Idiognathodus n. sp.—
Diplognathodus spp. assemblage is defined by the

appearance of one or more of the name-bearers. It
occurs in approximately the upper one-third of the
Wapanucka, including the upper part of the upper
sandstone-limestone member (fig. 2). The upper
limit of this assemblage remains undefined in the
frontal Quachitas, owing to the generally unfavor-
able lithologies of the Atoka Formation, which
overlies the Wapanucka. Associated species in-
clude those of the two subjacent assemblages plus
Gondolella gymna.

DISTRIBUTION OF FORAMINIFERS

Calcareous foraminifers of the Wapanucka
(figs. 3—-6) are generally rare and restricted in
terms of generic diversity in comparison with
Lower and Middle Pennsylvanian faunas de-
scribed elsewhere in North America (e.g., Brenc-
kle, 1973; Mamet, 1975; Armstrong and Mamet,
1977; Groves, 1983). The fauna is dominated by
undiagnostic, long-ranging encrusting forms,
palaeotextulariids, endothyrids, tetrataxids, and
tuberitinids. Biostratigraphically useful eostaf-
fellids (Eostaffella, Millerella) and primitive fusu-
linids (Eoschubertella, Staffella?) are particularly
scarce and typically cannot be identified at the
specific level.

The local appearances of Eoschubertella and
Staffella? in the upper part of the Wapanucka are
especially significant. Mamet (1975; in Mamet
and Skipp, 1970) defined the base of his microfos-
sil Zone 21 on the appearances of Eoschubertella
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Figure 2. Relationships between lithostratigraphic sub-
divisions of the Wapanucka and conodont assemklages.
After Grayson (1979).

and Pseudostaffella, and arbitrarily equated this
level with the base of the Atokan Series. The
utilization of these genera as indices of the lower
Atokan similarly has been adopted by other work-
ers (e.g., Lane and others, 1972; Webster and oth-
ers, in press). Eoschubertella was recovered in the
Wapanucka in two samples from measured sec-
tion (MS) 304 (fig. 5), which are assigned to the
Neognathodus n. sp. A-Idiognathoides ouachiten-
sis and Idiognathodus n. sp.—Diplognathodus spp.
assemblages, respectively. It should be noted that
the Neognathodus n. sp. A-Idiognathoides
ouachitensis assemblage at this locality is rep-
resented stratigraphically by only two samples,
and the possibility exists that part or nearly all of
this assemblage remains unrecognized as a result
of the thick covered interval directly below the
upper sandstone-limestone. Accordingly, we
equate the appearance of Eoschubertella approx-

imately with the base of the Idiognathodus n. sp.—
Diplognathodus spp. assemblage.

Staffella? occurs in the Wapanucka at locality
MS 291 (fig. 3) in rocks assigned to the top of the
Neognathodus n. sp. A-Idiognathoides
ouachitensis assemblage, at MS 303 (fig. 4) in
rocks assigned to the Idiognathodus n. sp.—
Diplognathodus spp. assemblage, and at MS 304
(fig. 5), with Eoschubertella, in the lower sample
questionably assigned to the Neognathodus n. sp.
A-Idiognathoides ouachitensis assemblage. The
interregional chronostratigraphic significance of
forms we are referring to Staffella? is unclear,
owing to nomenclatural confusion and lack of
documentation. Thompson (1935, p. 113, footnote)
noted that “the small forms from the Lower Penn-
sylvanian of many parts of the world that are
referred to Staffella may not be congeneric with
the type of the genus S. moellerana.” Recent work-
ers have referred “Staffella-like” forms from the
Lower Pennsylvanian to Pseudoendothyra
Mikhailov (e.g., Armstrong and Mamet, 1977;
Ross and Bamber, 1978), which is known world-
wide from Upper Mississippian equivalents and
younger rocks. Our specimens are completely re-
crystallized (presumably originally aragonitic)
with very broadly rounded peripheries and large
numbers of chambers. Regardless of nomenclatu-
ral uncertainty, specimens similar to ours have
not been reported from unequivocal Morrowan
rocks of the Midcontinent but have been reported
in association with Eoschubertella and younger
forms from Texas and Oklahoma (Thompson,
1935, 1947).

AGE OF THE WAPANUCKA

The lower part of the Wapanucka Formation
assigned to the Idiognathoides convexus—
Idiognathodus delicatus assemblage, and below
the appearances of Eoschubertella and Staffella?,
is interpreted to be late Morrowan on the basis of
the presence of the I. convexus Zone in the Kessler
Limestone Member of the Bloyd Formation at the
top of the type Morrowan succession (Lane and
Straka, 1974; Lane, 1977).

Rocks assigned to the superjacent Neognatho-
dus n. sp. A-Idiognathoides ouachitensis assem-
blage, which, except for the uppermost samples,
also lack primitive fusulinids, are questionably
interpreted to be Morrowan or Atokan. A more
precise interpretation is not possible, owing to the
lack of depositionally continuous sections in the
type areas of the Morrowan and Atokan Series
against which faunal comparisons can be made
(Sutherland and Manger, 1983). Foraminifers
from this interval are typical of Morrowan faunas
(cf. Groves, 1983), whereas the corresponding con-
odonts are typical of both Atokan and Morrowan
rocks (cf. Lane, 1977).
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Figure 3. Columnar section, sampling intervals, and microfossil occurrences at MS 291.
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Figure 4. Columnar section, sampling intervals, and microfossil occurrences at MS 303. For explanation, see figure 3

(bottom).
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The upper part of the Wapanucka assigned to
the Idiognathodus n. sp.—-Diplognathodus spp.
assemblage is interpreted to be Atokan on the
basis of the presence of Eoschubertella, Idiog-
nathodus n. sp., Diplognathodus orphanus, and D.
coloradoensis, all of which are demonstrably post-
Morrowan (Lane and others, 1972; Lane, 1977,
Webster and others, in press). We hasten to point
out that this usage of Atokan is somewhat arbi-
trary, inasmuch as the interval containing the
appearances of these taxa is clearly older than the
oldest type Atokan rocks (Sutherland, 1982;
Grayson, this volume).

DISCUSSION

The Wapanucka Formation of the frontal
Ouachitas represents a package of rocks deposited
continuously across the Morrowan—Atokan
boundary, which contains microfossils historical-
ly considered useful for biostratigraphic correla-
tions at this level. We are unable, however, to
identify positively the position of the boundary.
This inability stems principally from the in-
adequacy of the type Morrowan and type Atokan
Series as chronostratigraphic standards of ref-
erence; the type Morrowan is marred by un-
conformities at both its base and top, whereas the
type Atokan is unsuitable because of an un-
conformity at its base followed by generally un-
favorable lithologies. Consequently, precise fau-
nal correlations to the type areas at the boundary
level are rendered impossible.
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APPENDIX
Register of Localities

MS-291 (Hartshorne Quarry): NWY%NWV, sec.
18, T. 4 N., R. 17 E., Hartshorne Quadrangle,
Pittsburg County, Oklahoma.

MS 303 (Kiowa East): NEVaNEVs sec. 36, T.3N.,
R. 13 E., Kiowa Quadrangle, Pittsburg County,
Oklahoma.

MS 304 (Reynold’s Lake): SEV4SEVs and

SWY.SEVs sec. 10, T. 2 N, R. 13 E., Kiowa Quad-
rangle, Atoka County, Oklahoma.

MS 305 (Blanco East): SWY.SWV.SWV sec. 19,
T. 3 N., R. 15 E,, Pittsburg County, Oklahoma.

The reader is referred to Grayson (1980) for
more detailed information on access to these
localities.
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THE INADEQUACIES OF CARBONIFEROUS SERIAL
NOMENCLATURE: NORTH AMERICAN EXAMPLES

H. RicHARD LANE! and R. R. WEsT?

Abstract—Spivey and Roberts defined the Atokan Series to correspond to the Atoka Formation,
a lithostratigraphic unit having no type section. The authors stated that its lower and upper
boundaries corresponded to major faunal and stratigraphic breaks. Procedurally, they recognized
the Atokan’s lower boundary at the appearance of fusulinids (such as Pseudostaffella) that are
more advanced than Millerella and included in it the “zones” of Profusulinella and Fusulinella.
None of these fusulinids are known to occur in the vicinity of Atoka, Oklahoma, the town from
which the name is derived. As with the four other widely used major subdivisions of the
Pennsylvanian Subsystem, the Atokan’s definition fits better that of a stage than a series.
Similar problems of inadequacy beset all other serial subdivisions of the Carboniferous, be they
North American or otherwise. For example, none of the series stratotypes commonly used for the
Mississippian Subsystem reflect precisely their generally employed limits. Moreover, geographi-
cally derived names, such as Atoka, invoke subjective loyalties by local geologists that impede
progress toward a soundly defined and unified classification of the Mississippian and Pennsylva-
nian. Because of these reasons, we advocate the abandonment of geographically derived serial
nomenclature for both subsystems in favor of the simpler and more objective subdivisions
“Lower,” “Middle,” and “Upper” in conformance with earlier Paleozoic systems. If defined by
boundary stratotypes, such serial subdivisions would transcend the labyrinthine regional

Carboniferous nomenclature.

INTRODUCTION

The original definition of the Atokan Series was -

made by Spivey and Roberts (1946, p. 185) with
the following statement: “Because of important
faunal (fusulinid) breaks from Morrow to Atoka
and from Atoka to overlying beds, and because of
important unconformities which correspond with
these faunal breaks, and because these sediments
comprise a thick complex sequence of beds, the
writers propose that the Atoka formation be ele-
vated to Atoka series and defined to include all
beds from the top of the Wapanucka limestone,
Morrow series, to the base of the Hartshorne sand-
stone, Des Moines series.” Thus, in order to under-
stand the original definition of the Atoka Series,
one must first understand what the Atoka Forma-
tion represents. In their definition of the series,
Spivey and Roberts did not refer to an original
type section of the Atoka Formation nor did they
propose one. In the absence of a designated type
section for the Atoka Formation and Series, the
interval that Spivey and Roberts suggested as
representing the Atoka Series—from the top of the
Wapanucka Limestone to the base of the Harts-
horne Sandstone—represents a substantially dif-
ferent time-stratigraphic interval from place to
place and certainly is not precise enough for the

'Research Center, Amoco Production Co., Tulsa, Okla-
homa.

2Department of Geoclogy, Kansas State University, Man-
hattan, Kansas.
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definition of a series. Thus, Spivey and Roberts’
lithostratigraphic definition of the Atokan Series
is inadequate by contemporary standards.

Acknowledgments
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for helpful criticisms that improved the final ver-
sion of this study.

ATOKA FORMATION

Since Spivey and Roberts utilized the Atoka
Formation in their definition, perhaps stability
can be found in the original proposal of the forma-
tion. The Atoka Formation was named by Taff and
Adams (1900, p. 273-275) from irregular ex-
posures along the southern end of the Eastern
Choctaw Coal Field (fig. 1). These exposures con-
sisted of thin and slabby, brown and light-gray
sandstone beds separated by recessive bluish clay
shales containing ironstone concretions. The
Eastern Choctaw Coal Field was defined by Taff
and Adams (1900, p. 263) as extending eastward
from the McAlester—Lehigh or Western Choctaw
Coal Field to the Arkansas state line. The bound-
ary between the two coal fields corresponds
approximately to a position at 90°30’ W. longitude
(fig. 1). Consequently, the town of Atoka, about 50
miles southwest of the western limit of the East-
ern Choctaw Coal Field, is not even within the
type area of the original definition of the Atoka
Formation!
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Even though a type section for the Atoka
Formation was not designated by its original au-
thors, it was stated that the formation thinned
from 6,000 to 7,000 feet near the Arkansas state
line to 3,000 feet near the Boiling Springs Anti-
cline to not more than 300 feet in the southwestern
corner of the Eastern Choctaw Coal Field. Accord-
ing to Taff and Adams, four sandstones up to 100
feet thick, each separated by 1,200 feet of shale,
are present in the formation near the Arkansas
state line. Furthermore, it was their interpreta-
tion that the lower two sandstones are cut out by
the Choctaw Fault as the formation is traced west-
ward and that the highest sandstone is not present
west of the central part of the coal field.

Branson’s (1962, p. 439) assumption that the
concept of the Atoka Formation was developed by
Taff and Adams in the vicinity of the town of
Atoka is clearly erroneous, and his selection of a
type section for the formation in northwest Atoka
County is not appropriate. Attempts to establish a
type section for the formation in more highly
fossiliferous marine sequences even farther north
and west of Branson’s type section (Strimple and
Watkins, 1969, p. 147) would remove further Taff
and Adams’ concept of the Atoka Formation from
its original area of definition.

ATOKAN SERIES

The Atokan Series is defined much better
paleontologically than the Atoka Formation is de-
fined lithostratigraphically. Although for many
years the base of the Atokan hasbeen placed at the
base of the Zone of Profusulinella (e.g., Moore and
Thompson, 1949, fig. 2; Thompson, 1964, fig. 297,
Douglas, 1977, text-fig. 5), it is clear from Spivey
and Roberts (1946, table 1; =fig. 2herein) that the
base of the series originally was defined at the first
appearance of fusulinids that are more advanced
than Millerella. Numerous occurrences of
Pseudostaffella and Eoschubertella below the first
occurrence of Profusulinella represent the first
appearance of fusulinids that are advanced over
Millerella. Tt is at the first appearance of these
genera that Spivey and Roberts defined the base of
the Atokan Series. This occurrence corresponds to
a position later included within the upper part of
the Zone of Millerella (Thompson, 1948) and with
the base of Zone 21 of the Mamet calcareous micro-
fossil zonation (Mamet and Skipp, 1970, p. 337).

Confusion over the position of the paleontologic
base of the Atokan probably stems from the work
of Thompson (1948) and Moore and Thompson
(1949). Thompson (1948, fig. 4) did not favor usage

Proposed
Pennsylvanian Beds Included in Series Fusulinid Zones
Series
Virgil Top of upper Crystal Falls limestone to base Triticites, various species
(Cisco) of Kisinger Channel sandstone Dunbarinella
Waeringella spiveys
Missouri Top of Home Creek limestone to base of Lake Triticites, various related species
(Canyon) Pinto sandstone Triticites ohioensis
Triticites irregularss
“Wedekindellina” ultimata
Des Moines Top of Cappslimestone to base of Caddo Pool Fusulinella (advanced type)
(Strawn) limestone Fusulina
Wedekindellina
Atoka Unnamed subsurface beds Fusulinella (restricted)
Smithwick Fusiella
Marble Falls Profusulinella?
Ozawainella
Pseudostaffella
Morrow Possibly not represented, unnamed if present Millerella; with absence of all
the more advanced forms previ-
ously listed

Figure 2. Outline of proposed Pennsylvanian Series in central Texas (from Spivey and Roberts, 1946, table 1). Note
paleontologic definition of Morrowan at bottom of right column and inclusion of Pseudostaffella in Atokan.
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Zone of 008 0 NZone of Zone of Zone of Zone of Zane of [Zone of|
Millorello linell g JFvsulina Trilicites Pseudoschmagerina Parofusuiing z,,,; of wa|Yabei
] =Neoschwagering
I I Zellia l I
| | Pseudeschwagering I I
| | 3 Nipponilella l Polydanoding I
| | i Triticites - j Paratusviine G —_— ]
d \ . Schwogerina ) |
| | ' R AN Nagatoeila 1
| | H i v Psevdotusuling I |
| ' K l‘. \ Rugosotusuling | I
H H H Paraschwagering
l I ; ': Dunbarineila 'l I
| f : Gallowaiinella | |
l Fusulinella + Quasitusuline
Profv, ‘\\ ¥ F;:;;inu I l
| /I'M/ldl Wegekindelline | | _|___ Codonofusieko] !
| Pseudostotteita Bouttonia .-’ Tvangchienia |
H Fusiell -7 Schubertelle . I
| |.-Eoscrvdertetto SN Waeringella 2 Neofusulinelia |
1 Mitlerelid ’ Nummulostegine) !
T | S Vzawainelio = l |
| | Ledllo |
] i | s Rouserela |
1 I Pisolina | F I
l | Staffelle | .-~ I Il |
' i . S Sphaeruling |
I D Eoverbeekine l
| r Verbeekine |
] | : Psevdodolioling |
| I : | Brevesi
| [ Misetlina I
I l ‘;‘ kY Cancelline | |
| “_|Neoschrwogerine |
| | | \| Yobdeina \
l | “Lepidokina
I Afghoneils S
I | Sumatrina |
| 1 { )

Figure 3. Phylogeny and stratigraphic zonation of Fusulinidae (from Thompson, 1948, fig. 4). Note range of Eoschubertella
and Pseudostaffella below base of Middle Pennsylvanian.
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Figure 4. Fusulinid zones and range of fusulinid genera in Pennsyivanian rocks (from Moore and Thompson, 1949, fig. 2).
Note that first appearances of Pseudostaffella, Eoschubertella, and Profusulinella are shown to be at same stratigraphic
level, thus conflicting with Thompson (1948, fig. 4) as shown herein in figure 3.
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of the term Atokan, since he had earlier proposed
the term Derryan for the same time-stratigraphic
interval. He drew the base of his Middle Penn-
sylvanian (this was the first application of the
term Middle Pennsylvanian in North America) at
the base of the Zone of Profusulinelle and un-
equivocally placed the lower range of Eoschu-
bertella and Pseudostaffella into the uppermost
part of the Lower Pennsylvanian (fig. 3). Later,
the lowest ranges of Profusulinella, Eoschu-
bertella, and Pseudostaffella were shown to be
coincident with the base of the Middle Pennsyiva-
nian (=Moore and Thompson’s Oklan Series,
1949, fig. 2) and the base of the Atokan (fig. 4). Of
course, this is inconsistent with Spivey and
Roberts’ original definition of the Atokan Series.
Thus, the base of the Middle Pennsylvanian as
originally used by Thompson for the North Amer-
ican Midcontinent did not correspond to the base
of the Atokan Series as defined by Spivey and
Roberts. Although the Atokan is well defined
paleontologically, its stratigraphic definition is
inadequate.

OTHER PENNSYLVANIAN
SUBDIVISIONS

Similar inadequacies can be illustrated for oth-
er Pennsylvanian subdivisions in the Mid-
continent. A general summary of the status of
each of the Midcontinent Pennsylvanian sub-
divisions is shown in figure 5.

Morrowan

The Morrow Group was first named by Adams
and Ulrich (1905, p. 4), and they designated the
area around Hale Mountain, Washington County,
Arkansas, as the type section. The Hale Mountain -
Morrowan exposure described by Giles and Brew-
ster (1930) and regarded as the type section is now
very poorly exposed. However, Henry (1973, p.
355-~377) described a series of exposures on Hale
Mountain that should now serve as the composite
type section. Functionally, the Evansville Moun-
tain exposure (Lane, 1967, p. 925-926; Lane and
Straka, 1974, fig. 6 and Appendix) has served as
the main reference section for the last 15 years. It
was Harlton (1938) who first referred to the Mor-
row as a series. The difficulties with positioning
the Morrowan—Atokan boundary are illustrated
well by the papers of this symposium, not to men-
tion the voluminous literature previously written
on this subject. Thompson (1948, p. 23) noted the
coincidence of his Zone of Millerella and the Mor-
rowan. Spivey and Roberts (1946) further stabi-
lized the upper limit of the Morrowan at the
appearance of fusulinids more advanced than Mil-
lerella.

Desmoinesian

Keyes (1893, p. 85) defined the Des Moinesian
Stage. Considering the Desmoinesian, one finds
that the type area along the Des Moines River in
Iowa is partly inaccessible because of lake con-

SERIES MORROWAN ATOKAN DESMOINESIAN | MISSOURIAN | VIRGILIAN
TAFF & ADAMS
; KEYES, 1893 | KEYES, 1893
ADAMS & ULRICH 1900, (ATOKA FM.) . ,
AUTHORS : . (DES MOINES | (MISSOURI MOORE, 1931
OW GRO SPIVEY & ROBERTS, :
1905 (WORROW GROUP) |~ SP DEs o i ssov
TYPE SECTION
Tt YES NO NO NO NO
HALE MOUNTAIN
MAIN REF. NONE THAT ARE
SECTION ‘I%Q(L]ESHS,‘\"??E"S,T;? APPROPRIATE NONE NONE NONE
CONDITION OF
MAIN REF. PARTIALLY COVERED
SECTION
DOES TYPE OR REF.
SECTION REPRESENT
CURRENT CONCEPT OF NO NO NG NO NO
THE SERIES?

Figure 5. Status of most commonly used Midcontinent Pennsylvanian series. Names of series are shown across top, and a
list of major considerations concerning each series, along left column. These considerations consist of (1) author(s), (2)
whether a type section was designated, (3) type or main reference section, (4) condition of these exposures, and (5)
whether they represent current, most commonly employed concept of series. Please note that no type section or sections

are proposed in this paper.
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struction; even if it were accessible, as when de-
fined by Keyes (1893), it would be a series of poor,
discontinuous exposures that were deposited on a
Late Mississippian (Meramecian?) erosion sur-
face. No specific type section was designated by
the original author. Moore and Thompson (1949,
fig. 2) and subsequent authors have considered the
Desmoinesian to be coincident with the Zone of
Fusulina. It has been suggested (Moore and oth-
ers, 1944) that the lower part of the Pennsylva-
nian sequence in the type Desmoinesian region in
Iowa is Atokan. Fusulinids studied from outcrop
and core collections in the Desmoinesian type area
suggest that this may not be correct (Sanderson
and West, 1981), but a recent reexamination of
Kastler’s (1958) conodont faunas indicates an Ato-
kan age for the lower part of the Pennsylvanian
sequence in the area. Furthermore, there is an
apparent disconformity at the Desmoinesian—
Missourian boundary. Thus, the Desmoinesian of
Towa is hardly a sequence appropriate as a type
area.

Missourian

Keyes (1893) also recognized and defined the
Missouri Stage, based on exposures along the Mis-
souri River in lowa and in northwestern Missouri.
No specific type section was designated by the
original author. Again, the type area displays a
stratigraphic sequence bounded above and below
by apparent disconformities. It is interesting to
note that Keyes (1893, p. 85) proposed the terms
Missouri and Des Moines as stages. Subsequent
work, primarily under the influence of Moore, ele-
vated these to series rank (Moore and others,
1944) and later back to stage rank (Moore and
Thompson, 1949). Moore and Thompson (1949, fig.
2) recognized the base of the Missourian at the
base of the Zone of Triticites, and Spivey and
Roberts (1946, table 1) included in it such species
as Triticites ohioensis, Triticites irregularis and
“"Wedekindellina” (=Eowaeringella of modern
literature) ultimata.

Virgilian

Unlike the Missourian, the Virgilian was pro-
posed on a correlation chart (Moore, 1931) and
later was more clearly defined (Moore, 1932). It is
named for a town in eastern Greenwood County,
Kansas, an area where only the middle part
(Shawnee Group) of the Virgil is exposed (Jewett,
1964). There are no Missourian rocks mapped in
Greenwood County, and the Permian occurs only
in the northwestern corner of the county (Jewett,
1964). Thus the necessary continuity with un-
derlying and overlying strata is lacking in the
Virgilian type area. Spivey and Roberts (1946,
table 1) recognized the Virgilian at occurrences of
Dunbarinella, Waeringella spiveyi, and various

spectes of Triticites. According to G. A. Sanderson
(personal communication, May 25, 1982), the
appearance of such species as Triticites secalicus
Say and Triticites oryziformis Newell is very im-
portant in the recognition of the base of the Virgi-
lian in terms of a contemporary understanding of
the fusulinid succession.

SUGGESTIONS

All Midcontinent subdivisions of the Penn-
sylvanian share the same problem with the Ato-
kan-—that is, they have been defined paleontologi-
cally but lack type sections that reflect these
paleontologic definitions.

For this reason, we advocate abandonment of
the Morrowan through Virgilian as series of the
Pennsylvanian Subsystem in favor of three series
simply termed Lower, Middle, and Upper Penn-
sylvanian. The lower, middle, and upper sub-
divisions would be simpler to use, and they would
cut through the maze of regional Pennsylvanian
serial nomenclature. Alternatively, Morrowan
through Virgilian could be maintained as stage
names, fitting better their original definitions and
recognizable as subdivisions of a Lower, Middle,
and Upper Series of the Pennsylvanian in the
same style of Moore and Thompson’s (1949) pro-
posed classification of the Pennsylvanian. Indeed,
this is the way the Kansas Geological Survey
treats the Pennsylvanian (Jewett, 1964; Zeller,
1968).

MISSISSIPPIAN SUBDIVISIONS

The Mississippian Subsystem suffers from sim-
ilar problems of definition as the Pennsylvanian
with respect to definition and application of its
subdivisions.

Currently, there are two competing approaches
to subdivision of the Mississippian. The one most
widely used, shown on the left of figure 6, is fol-
lowed by the U.S. Geological Survey and most
state geological surveys. It consists of Kinder-
hookian, Osagean, Meramecian, and Chesterian.
The U.S. Geological Survey subdivides the Mis-
sissippian into Lower and Upper series and recog-
nizes the latter four subdivisions as provincial
series. The second usage shown on the right of
Figure 6 consists of the Kinderhookian, Val-
meyeran, and Chesterian series and is employed
by the Illinois and Indiana geological surveys.

A general summary of the status of each of the
Mississippian series is shown in figure 7.

Kinderhookian

The Kinderhookian was described as a group by
Meek and Worthen (1861). Although no type sec-
tion was designated, it has been assumed that
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Figure 6. Interrelationship of dual serial classification of the
Mississippian.

exposures around the town of Kinderhook, Illi-
nois, constitute the type area. However, some
workers feel that the section at Crapo Park in
Burlington, Iowa, as designated by Keyes (1941)
represents the type. We do not agree with this
latter contention, which complicates definition of
the series.

The McCraney section in the vicinity of the
town of Kinderhook is now the main reference
section for the Kinderhookian (Collinson, 1961, p.
51). It does not represent completely the current
application of the Kinderhookian, because much
of the upper half of what is considered Kinder-
hookian is not developed there. In fact, beds gener-
ally regarded as being of latest Kinderhookian age
(=upper part of the isosticha—Upper crenulata
Zone of Sandberg and others, 1978) are not even
developed in the Mississippi Valley. Thus the
term Kinderhookian is very poorly defined in its
type area.

Osagean

The term Osage group was first proposed in a
chart published by H. S. Williams (1891, p. 172).

No type section or type area was designated, but it
has been assumed that the name derives from the
Osage River in St. Clair County, Missouri, since
he mentioned outcrops along the river in his
study. Kaiser (1950) suggested that the best expo-
sure in the area was the Bullard-Hunt Quarry,
which has subsequently become the main refer-
ence section for the Osagean. Lane and Brenckle
(1981) recently restudied this section. Un-
fortunately, the quarry is partially flooded by the
Harry S. Truman Reservoir. In addition, the se-
quence is largely dolomitized, making fossil recov-
ery and identification difficult. The section ex-
posed in the area consists of only the Burlington
Formation. The Keokuk Limestone, the other unit
originally defined as comprising the Osagean, is
not present along the Osage River. Currently,
general usage of the term Osagean, irrespective of
the nature of its main reference section, includes
everything from the base of the Meppen or Fern
Glen Limestone in the Mississippi Valley to the
top of the Keokuk Limestone. Thus, the Osagean
in its type area represents only a small part of the
current concept of the series.

Meramecian

The Meramec Group was defined by Ulrich (in
Buckley and Buehler, 1904) for the St. Louis and
Spergen (Salem) Limestones and the Warsaw
Shale exposed at Meramec Highlands resort and
quarry, southwest of St. Louis, Missouri (see Lane
and Brenckle, 1977, fig: 8, for a recent section
description). The original definition, and indeed
Ulrich’s type section, does not include the Ste.
Genevieve Limestone. The lower limit of the se-
ries at the type section displays a gradational con-
tact between the Keokuk Limestone (Osagean)
and the Warsaw Shale. At this locality the upper
part of the St. Louis Limestone has been removed
by recent erosion. Weller (1920) included the Ste.
Genevieve Limestone within the Meramecian,
and this definition was adopted later by the U.S.
Geological Survey (Wilmarth, 1938). Presently,
the Meramecian includes all strata from the base
of the Warsaw Shale to the top of the Ste. Gene-
vieve Limestone. Therefore, the type section of the
Meramecian does not completely represent the
current usage of the series term.

Valmeyeran

Moore (1933, p. 262-264) named the Val-
meyeran Series to include the Osage and Meramec
Groups (fig. 6). The name derives from Valmeyer,
Illinois, but no type section was designated. The
Dennis Hollow exposure just outside Valmeyer
has become the major reference section (Collinson
and others, 1981, p. 34). Exposures are fair to poor,
being heavily vegetated. The basal 6 inches of the
Fern Glen at this locality bears a Chouteau con-
odont fauna (Lane, 1978, p. 169), and the top of the
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Figure 7. Status of most commonly used Mississippian series. Names of series are shown across top, and a list of major
considerations concerning-each of series along left column. These considerations consist of following: (1) author(s), (2)
whether a type section was designated, (3) type or major reference section, (4) condition of these exposures, and (5)
whether they represent current, most commonly employed concept of series. Please note that no type section or sections

are proposed in this paper.

section ends within the Salem Limestone. Ex-
cellent but largely inaccessible exposures of the
Salem and Ste. Genevieve are available nearby in
the Mississippi River bluffs. Thus, the reference
section for the Valmeyeran Series, originally de-
fined as being composed of the Osage and
Meramec Groups, does not completely represent
this concept.

Chesterian

The name Chester was applied originally by
Worthen (1860) as the “upper Archimedes or
Chester Limestone”; he soon afterward (1866) be-
gan referring to this rock sequence as a “group.”
The section in the bluffs directly below the state
prison near the town of Chester, Illinois, is re-
garded as the type section, and Chesterian strata
exposed in the vicinity of Chester include all beds
from the base of the Aux Vases Sandstone to the
top of the Kinkaid Limestone. However, the
Chesterian today is regarded as representing
everything from the base of the Aux Vases Sand-
stone to the top of the Grove Church Shale
(Swann, 1963). The Grove Church Shale is not
developed at the type section of the Chesterian
and contains conodonts that are younger than any

found in the Kinkaid. Thus, the type section of the
series is not completely representative of the cur-
rently accepted concept of the series.

SUMMARY

To summarize, serial nomenclature of the North
American Mississippian and Pennsylvanian is
very poorly defined. Part of the problem is usage of
geographically derived names, such as Atoka.
This approach has led to a proliferation of pro-
vincial names that obfuscate correlations of rock
successions. These provincial names are main-
tained and defended by local geologists in the face
of convincing scientific proof of their inadequacy.
For this reason, we advocate abandonment of
geographically derived serial nomenclature for
both the Mississippian and Pennsylvanian in fa-
vor of the simpler and more objective subdivisions
Lower, Middle, and Upper. If precisely defined by
boundary stratotypes, such serial subdivisions
would transcend the complex regional Carbonifer-
ous nomenclature. In the case of the Pennsylva-
nian, recognition of the Morrowan through Virgi-
lian as stages would be appropriate and consistent
with our suggestion.
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