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BRACHIOPOD BIOSTRATIGRAPHY OF THE VIOLA AND "FERNVALE" FORMATIONS

(ORDOVICIAN), ARBUCKLE MOUNTAINS, SOUTH-CENTRAIL OKLAHOMA
INTRODUCTION

The investigation of the brachiopod biostratigraphy of the
Viola and "Fernvale" Formations of the Arbuckle Mountains of south-
central Oklshoma was conducted during the years 1964-1966. This study
was undertaken with Gerald C. Glaser as a joint project to determine
the litho- and biostratigraphic relationships of these two formations.
Glaser reported on the lithostratigraphy in his Ph. D. Dissertation sub-
mitted to the University of Oklahoma School of Geology in 1965.

The area of the study is approximately 1,200 square miles with
measured sections in Pontotoc, Johnston, Coal, Murray, and Carter Coun-
ties. Figure 1 indicates the geographic location of the area. Figure 2
shows the outcrop pattern of these rocks as they occur in the Arbuckle
Mountains and indicates the location of the 18 surface sections. The
sections marked with triangles are those from which brachiopods were
collected.

The sequence under study was formerly designated as the Viola
and "Fernvale" Formations. (See Previous Investigations). Glaser
(1965) subdivided this rock sequence into three distinct lithologic

units, of which the lower and upper have equally distinct facies.
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Figure 2

Locations of the sections studied by Alberstadt and
Glaser. Glaser (1965) studied the lithological charac-
teristics of the rock units at all localities shown. -The

sections indicated by triangles are the ones from which

brachiopods were collected and studied for this paper.
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5
Figure 3 shows the stratigraphic interpretation and the unit designations
proposed by Glaser for these two "formations." The reasons for which
the writer believes that the name "Fernvale" should be discontinued in
the Arbuckle Mountains are given in the conclusions.
In summarizing his stratigraphic interpretation Glaser stated
(1965, jo 3"'4):
Unit 1L at the base is composed of siliceous laminated mud-

stone which, toward the northeast, pass [sic] into Unit 1C,

composed of coarse-grained skeletal calcisiltites. Unit 2 is

comprised of [sic] calcarenitic mudstones in both the southwest

and northeast provinces and constitutes the middle of the

sequence. Unit 3C is composed of coarse-grained skeletal cal-

carenites formerly called "Fernvale" Limestone. In the extreme

southwest, the Unit 3CM facies, consisting of calcarenites, is

present.
Glaser reported that the interval between these units is gradational,-and
that there is no lithologic method to designate definite boundaries be-
tween Unit 1L and Unit 2, or between Unit 2 and Unit 3C. The problems
in nomenclature presented by these gradational boundaries are discussed

more fully in the section which treats the lithostratigraphy of the

Viola Formation.

Purpose of the Study

The objective of this study is to interpret the brachiopod
biostratigraphy of the Viola and "Fernvale" Formations within the
Arbuckle Mountain region. Such knowledge would promote a better under-
standing of the geologic history of these rock units by improving
correlation with rocks of similar age in other geographic areas. A

second objective is tc present a detailed description of the brachiopod



Figure 3
The interpretation of the lithostratigraphy proposed
by Glaser (1965) for the Viola Formation in the Arbuckle

Mountains.
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8
faunas so as to make possible comparisons with brachiopod faunas from

other regions.

Previous Investigations
There are numerous studies which have been concerned in a
general way with the Viola Limestone in the Arbuckle Mountains. A
chronological presentation of some of these earlier studies was given
by Glaser (1965) and therefore a duplication of that information will
not be presented here. However, it is felt that two aspects of these
earlier investigations should be discussed in order to compare previous
stratigraphic interpretations to those made in this paper. First, it
is necessary to relate the origin of the name "Fernvale" and how it came
to be used in the Arbuckle Mountains. Second, stratigraphic interpre-
tations regarding the Viola and "Fernvale" Formations proposed by other
workers are considered.
The designation "Fernvale Limestone" was first proposed by
Hayes and Ulrich (1903) for the beds exposed along South Harpeth River
about one mile—south of Fernvale Springs in Williamson County, Tennes-
see. The description given by Hayes and Ulrich follows (1903, p. 2):
The Fernvale formation consists mainly of soft chocolate and
green shales. Commonly the shales include one or more layers of
coarsely crystalline, occasionally flesh-colored, limestones,
usually with greenish specks. Not infrequently the lower of these
layers is conglomeratic and highly phosphatic., In the valley of
South Harpeth Creek, south of Fernvale, and on both sides of Duck
Creek, in Tottys Bend and Morgan and Haley creeks, the lower part
of the formation is made up of 5 or 6 feet of strongly ferruginous,
often vermillion-red limestone. When the formation is thin, as
along the borders and more particularly the heads of the bays in
which it was deposited, the shales only are developed. In thick-

ness the formation varies from nothing to 40 feet, the average
being less than 20 feet,



9
Foerste (1901) named these same beds the "Leipers Creek Formation" and
provided an adequate description. Hayes and Ulrich (1903) gave no
explanation as to why they replaced this name with that of Fernvale.
They interpreted the Fernvale as lying unconformably on their Leipers
Formation. They stated (1903, p. 4):
Two of the formations mapped namely the Fernvale formation
and the Clifton limestone this is the formation above the Fernvale
[italics are those of the autho_T were deposited over only a small

portion of the quadrangle, apparently in a series of embayments
preduced by warping of the pre-existing surface.

Wilson (1949, p. 212) redefined the Fernvale in Tennessee to
include only the widespread, thizk bedded, coarsely crystalline, varie-
gated limestone. It commonly consists of a thick bedded, very coarsely
crystalline, gray or flesh-colored limestone that contains varying
amounps of green, brown, yellow, and red grains or a wider greenish or
reddish tint. In some parts of Tennessee, it is bright red due to iron
oxide. In parts of Lincoln County, the lower few feet are phosphatic
and locally contain round phosphatic nodules. The Fernvale averages
less than 20 feet in thickness, but attains a maximum of 45 feet in
Davidson and Franklin Counties. The Fernvale Limestones and Mannie
Shale represent the western facies of the thicker Sequatchie Formation
of eastern Tennessee. According to Wilson (1949, p. 212) the Sequatchie
and the Fernvale overlie the Leipers (Wilson's Leipers) unconformably.
The many reports of shale in the Fernvale of Tennessee are thought to
be portions of Mannie Shale or shale tongues of the calcareous Sequat-
chie Formation,

In Oklahoma, Taff (1903) reported the tripartite division of

the Viola based on studies of the fauna by E. O. Ulrich. Brachiopods
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reported from the lower unit were Dinorthis pectinella Hall, and

Rhynchotrema increbescens Hall. The only brachiopod reported from the
middle member was Rafinesquina deltoidea Conrad. The upper member was
reported to be fossiliferous only in the upper 25 feet which Taff said
was characteristic of the upper divisions of the Richmond deposits in
Minnesota, Wisconsin, Illinois, Indiana, and Ohio., Brachiopods reported

from the upper part of the Viola are: Plectambonities (a new species),

Strophomena wisconsinensis Whitfield, Leptaena unicostata Meek and

Worthen, Orthis kankakensis sweeneyi Winchell, Dinorthis subquadrata

Hall, Dinorthis proavita Winchell and Schuchert, Dalmanella macrior

Sardenson, Platystrophia acutilarata Conrad, Rhynchotrema capax Conrad,

and Parastrophia divergens Hall and Clarke. In discussing ﬁhe fauna of

this upper unit Taff stated that it is the same as the Polk Bayour Lime-
stone of Arkansas and the Fernvale Formation of Tennessee. However, he

did not use the name Fernvale as a formational term in Oklahoma. Also,

there is no statement of an unconformity below the upper coarsely crys-

talline member of this tripartite division. The columnar section given

by Taff in his report has no erosional break indicated.

Ulrich (1911) postulated an early Richmond transgression in
the mid-continent at the base of the Fernvale Formation. Of this for-
mation he said (1911, p. 305):

On the east and southern flanks of Ozarkia, it is nearly
always found where beds of Mohawkian age were deposited, and in
places it overlapped these so that it rests on much older pre-
Ordovician rocks. Further, it is recognized in the Arbuckle
Uplift of Oklahoma as a 2 to 3 foot bed at the top of the Viola
limestone by exactly the same lithologic and faunal characters

that mark it in southeastern Missouri.

Ulrich further stated (1911, p. 305):
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In the bluffs of the Mississippi south of St. Louis and north
of Riverside the bed can be followed for miles. Here it rests
unconformably on the peneplaned Kimmswick limestone which is middle
Mohawkian in age.

Ulrich again discussed the Fernvale (1911, p. 308):

Perhaps the greatest pre-Pennsylvanian erosion of interior
Paleozoic formations was in the closing stages of the Ordovician.
South of Hannibal, Missouri--in the southern half of the Mississippi
Valley proper--it began long before the close of the Tren*ton. On
the east and south flanks of Ozarkia the late Black River Kimmswick,
a crystalline limestone of earlier date than the Galena dolomite
proper, is the last of the Ordovician deposits. On these flanks
it is immediately succeeded and overlapped by the Fernvale lime-
stone which is regarded as one of the first deposits of the Silur-
ian submergence,

In the same context Ulrich described how the thin Fernvale maintains its
2 to 3 foot thickness, but rests on successively lower and lowsr hori-
zons of the Kimmswick Limestone. This is the earliest paper in which
the rocks of the Arbuckle Mountainsare referred to as the Fernvale For-
mation.

Dake (1921), in discussing the Viola Formation of the Arbuckle
Mountains, stated that it is divisible into three units of which the
upper is about 300 feet thick. He listed essentially the same fauna
as that given by Taff in 1903. The brachiopods of this fauna have been
referred to above. Concerning this Arbuckle section and the fauna he
made the following statement (1921, p. 62):

This is a characteristic Richmoid fauna, apparently equivalent
to the Fernvale already described from Arkansas and Missouri., How
great a thickness of this upper member belongs to the Richmond is
not clear, though probably not an amount greatly in excess of the
fifty feet of the more fossiliferous beds, near the top. It is
quite possible that the less fossiliferous limestone immediately

below may include earlier Cincinnatian beds. The presence of a
Maysville fauna near Tahlequah suggests this possibility.
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In a stratigraphic cross section presented by Dake (1921) as
Plate II, the Fernvale of southern Illinois, Missouri, and Arkansas is
depicted as unconformably overlying the Kimmswick Limestone. The con-
tinuation of this diagram into Oklahoma shows the Viola-Fernvale as a
continuous sequence. The unconformity is shown to die out somewhere
between Arkansas and northeastern Cklahoma and the Arbuckle Mountains.

The following quote from Edson (1927) is in marked disagreement
with the above quote and cross section from Dake. She said (p. 970):

In the Arbuckle Mountains a thick series of limestones,
Trenton in age, occurs between the Richmond and upper Black River
members, the Black River members referred to in this statement are
now known as the Bromide Formation. Decker and Merritt (1931)
redefined it as the upper formation of the Simpson Group thus
withdrawing it as the lower member of the Viola Formation. This
redefinition has been followed by all later workers |Italics are
those of the auths;]—but this Trenton series is absent in the
other occurrences of the Viola lime found in Oklahoma. The absence
of this middle member in Oklahoma north of the mountains, confirms
the hiatus mentioned by Dake, between the Richmond and lower part
of the Viola limestone in the Arbuckle Mountains, but indicates
that the stratigraphic break was much greater throughout the mid-
continent field than it was in the mountains.

Ulrich (1927) continued to expound his original stratigraphic
interpretation, but altered his age determination. He stated (p. 29):

As indicated in the correlation chart, in which the Oklahoma
formations are set opposite the particular units of the comparable
Appalachian and Mississippian Valley time scale to which they are
throught to be most nearly related, the Viola is correlated wholly
though somewhat indefinitely with Cincinnatian formations, hence
is placed higher in the scale than in former efforts. Next above
the top of the Viola, with clear evidence of a break between,
comes the widely distributed early Richmond Fernvale limestone. . .

The stratigraphic diagram referred to by Ulrich shows the Viola as being
partly Eden and Early Maysville in age. Ulrich did not give any speci-

fic reason for making this correlation.
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Cram (1930) proposed to extend the name Fernvale into
northeastern Oklahoma. The formation in that area is a coarsely
crystalline fossiliferous limestone attaining an average thickness of
about 10 feet. Previous to Cram's proposal it was mapped with the
underlying Fite Limestone. Concerning the stratigraphic relations,
Cram stated (1930, p. 22):

The Fite limestone overlies the Tyner formation unconformably,
and is unconformably overlain by the Fernvale limestone or Chat-
tanooga formation. In all cases the contacts are extremely sharp
and marked by most abrupt breaks in sedimentation, yet no dis-
cordance in dip is discernable, ’

Decker (1933) described several stratigraphic sections in the

Arbuckle Mountains from which the graptolites had been collected. A
quote from that paper follows (1933, p. 1434):

The molluscoids and the mollusks, as well as the graptolites,

correlate parts of the Viola with the Normanskill, Trenton,

Utica, Lorraine, and Richmond.
The following year Ruedemann and Decker (1934) described the grapto-
lites and discussed their stratigraphic and geographic distribution.
Their conclusions as to the correlation of the Viola were the same as
given by Decker the year before. It is unmistakably clear that Decker
considered the Viola to be a continuous sequence with no hiatus between
the "Fernvale" and the Viola. In discussing the color, texture, and
composition of the Viola Limestone he made the following statement
which well illustrates his interpretation (1933, p. 1410):

Coarsely crystalline beds occur at some localities near the
base, some near the middle, and more near the top where they
grade into the typically coarsely crystalline dark gray limestone

of the Fernvale phase.

The continuation of the term "Fernvale," although clearly not used in
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the formational sense, certainly did not help to clarify the
relationships of these rocks in the Arbuckle Mountains.

The stratigraphic positions of some of the important
graptolites used by Decker in his age determinations are shown in
Figure 12, These are discussed in more detail in the conclusions.
However, it seems that this biostratigraphic information has been
ignored by subsequent workers concerned with the correlation of these
rocks. Possibly this resulted because Decker commonly used formational
names like Trenton, Utica, Lorraine, and Richmond and not terms having
a stage connotation like Trenton, Eden, Maysville, and Richmond.

Wengard (1948) did a lithologic study of the Viola Formation
using chert percentages, residue percentages, texture of the rock, and
the color of the rock to subdivide the formation. His study was con-
fined to the subsurface except for six surface sections in the Arbuckle
Mountains. Wengard divided the Viola Formation into 4 lithologic
members which in descending order were labeled 1, 2, 3, and 4. Members
1 and 3 were further divided into submembers (a) and (b). Above this
four-member Viola unit is the Fernvale Limestone which as Wengard stated
(1948, p. 2247):

+ « . 1s separated everywhere from the Viola members below

by an erosional unconformity of regional extent in the Mid-
Continent region.
His cross section (given as Figure 15) shows that in the subsurface of
the Seminole Uplift area the Fernvale rests on submember 1lb; the upper
member of unit 1, unit la, having been truncated. South of this area
there is no truncation shown. Wengard presents two cross sections

depicting the unconformity at the base of the Fernvale. One cross
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section is a composite stratigraphic diagram extending from northeastern
Oklahoma to the Arbuckle Mountains (his Figure 1), and the other is a
series of stratigraphic columns (his Figure 14) extending from Ardmore
to Seminole. In both diasgrams the unconformity is interpreted as being
regional in extent. This interpretation indicates that the biostrati-
graphic information presented by Decker (1933) and Ruedemann and Decker
(1934) were not considered valid, although they were mentioned. Wengard
stated (1948, p. 2189):
Decker's work on the Viola limestone proved the extensive
distribution of these strata by correlating the discontinuous
outcrops in a wide area, and he considered, just as Taff did, that

the Fernvale and Viola limestones were one formation (Decker,
1933, p. 1433).

Also, Wengard makes no reference to the data and interpretation pre-
sented by Dake (1921) in which he showed an unconformity in the north-
east Oklahoma area, but continuous deposition in the Arbuckle Mountains.

| Shideler (1936) proposed that'the name "Ada Limestone" replace
the name Fernvale. However, the name Ada had previously been used by
Morgan (1924) for a Pennsylvanian formation. Shideler suggested that
possibly the Oklahoma Fernvale was much older than the type Fernvale of
Tennessee. Shideler stated (1936, p. 368):

The "Fernvale" extending from Glen Park, Missouri, and
Valmeyer, Illinois, to the south side of the Arbuckles in CkIahoma,
is a massive, uniformly crystalline limestone with a varied fauna
of ostracodes and trilobites, including Pterygometopus, Onchometopus,
Cryptolithus, Sphaerocorhphe, Cyphaspis, etc. Bryozoa are almost
entirely absent.

As both lithology and faunas differ radically, these differ
from the Tennessee Fernvale [italics are the author'sl it is concluded
that deposition was in entirely disconnected basins and at different
times, and the name Ada is proposed for the crystalline limestones,
the best exposures being at Lawrence Quarry, seven miles southwest
of Ada, Oklahoma.
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The typical Fernvale is correlated with the Elkhorn of the
typical Richmond section. The Ada is tentatively correlated
with the Maquoketa, but may not even be Richmond.
Templeton and Wilman (1963, pp. 134-135) proposed the name
"Cape Limestone" to replace the name Fernvale in Illinois, Missouri,

and Oklahoma. Further reference to this paper will be made in the

section on the biostratigraphy of the Viola Formation.



LITHOSTRATIGRAPHY OF THE VIOLA FORMATION

The lithostratigraphy of the Viola Group was described by
Glaser (1965). The rocks of that study are those formerly called the
Viola and "Fernvale" formations. In the interpretation made by Glaser
(1965), the Viola and "Fernvale" were abandoned as formational terms and
the entire sequence was referred to as the Viola Group. In this paper
the same sequence of rocks will be referred to as the Viola Formation.
The writer is of the opinion that this is the best approach because (1)
the contacts between the included lithologic units are gradational, (2)
the contacts are not practical for mapping purposes, (3) it is strongly
advised by most geologists that a group have included formations (Code
of Strat. Nomen., 1961, p. 651), (4) a change in rank of a lithologic
unit should only be proposed when a much clearer and more practical
stratigraphic subdivision can be substituted, and (5) the geologic
history of the sequence can be discussed and interpreted just as ade-
quately by using a less rigid formation-member or a formation-un.*
designation.

In discussing the nature of rock-stratigraphic units the
Commission on Stratigraphic Nomenclature stated (1961, p. 650):

Boundarieslbf rock stratigraphic units are placed at

positions of lithologic change. Boundaries are placed at sharp

contacts or may be fixed arbitrarily within zones of gradation.
Both vertical and lateral boundaries are based on the lithologic
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criteria that provide the greatest unity and practical
“utility.

In discussing the problems of a gradational boundary the Commission
stated (1961, p. 650):
Where one rock unit passes vertically or laterally into
another by intergrading or interfingering of two or more kinds
of rock, the boundary is necessarily arbitrary and should be
selected to provide the most practical units. For example,
vwhere a shale unit overlies a unit of interbedded limestone and
shale, the boundary commonly is placed at the top of the highest
readily traceable limestone bed; where a sandstone unit grades
upward into shale, the boundary may be so gradational as to
require completely arbitrary treatment.
The Viola situation is more analogous to the gradation of a sandstone
into an overlying shale. In many areas the upward transition of one
Viola unit into another occurs through a stratigraphic thickness of
50 feet or more. Such contacts are not the best or most practical for
formational mapping, although they have been used. In most areas the
lithologic change from one Viola unit to another is so subtle that an
arbifrarily placed boundary could very easily be placed differently in
different stratigraphic sections. In the transitional parts of the
sequence there is no explicit lithologic characteristic or group of
characteristics (for example sand grains, glauconite, chert, a key
bed) which can be used as a field criterion to unambiguously assign
the rocks to a particular unit.
In discussing the nature of the rock-stratigraphic term
"group" the Commission on Stratigraphic Nomenclature stated (1961,
p. 651):
Groups are recognized for the purpose of expressing the

natural relations of associated formations having significant
lithologic features in common. A group consists wholly of
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divisions defined as formations; in this respect, it contrasts
with a formation and its members, for a formation need not be
divided into members, and, even if a formation contains members,
not every part of it need be assigned to any member.

The writer regards the Stratigraphic Code as recommendations
or guides, and not rigid "laws" to be strictly followed. Indeed, the
Code is written so that rigid application is difficult if not impossible.
It remains for the individual to select the best solution for any par-
ticular stratigraphic situation. The writer believes that, in the case
of the Viola, the most logical solution is to use the formation-member
or formation-unit designation. This is particularly true in light of
the suggestion by the Stratigraphic Commission that not every part of a
formation need be assigned to a member. Such an arrangement makes it
much easier to deal with rocks in the transitional intervals.

The discontinuance of one formation name, "Fernvale," and the
retention of a much-used formation name, Viola ( with included members
or informal units), is less disruptive than to elevate the sequence to
group status, and introduce five new formation names. (This was not done
by Glaser (1965), but would be necessary if such a scheme were adopted
and formally proposed.)

Glaser (1965) interpreted the relationships of the various
rock types in this formation (his group) to be that as shown in Fig-
ure 3. The different rock types are designated as units.

The Viola Formation overlies the Corbin Ranch Formation
unconformably and is overlain with possible unconformity by the Sylvan

Shale. The Viola limestones can be subdivided into three main rock

units: (1) siliceous laminated mudstones (laminites), (2) skeletal
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calcarenitic mudstones, and (3) coarse skeletal calcisiltites to
coarse skeletal calcarenites. The limestones are wholly of marine
origin and in general represent a classic cycle of sedimentation.
Primarily because of varying thicknesses, the area is divided into a
southwestern basin province and a northeastern shelf province. The
basal unit is composed of siliceous laminated mudstones presumably
deposited in a lower energy environment, probably deeper water, than
all other Viola rocks. Graptolites are the only faunal elements noted
in this rock type. The middle unit consists of burrowed calcarenitic
mudstones deposited in an enviromment of shallower water and slightly
more energy than the laminites. Much of the brachiopod remains from
this unit are crushed or compressed so as to be specifically unrecog-
nizable. However, as can be seen in Figure 12, there are some beds
which have yielded brachiopods sufficiently well preserved to be
incorporated into this biostratigraphic study. The upper unit is
comprised of coarse skeletal calcarenites probably deposited in the
shallowest water and highest energy environment of the entire lime-
stone sequence. Most of the well-preserved brachiopods come from this
unit. This generalized picture of a gradual shallowing of the water is
slightly complicated in the northeast where the initial deposits were
coarse skeletal calcisiltites and fine calcarenites. Silicified
brachiopod remains have been recovered from this rock unit in the
northeastern province. Also, in the southwest (Buckhorn Ranch, Moun-
tain Lake, West Spring Creek) the upper unit consists predominantly of
calcarenitic mudstones interbedded with thin, fine to medium calcar-

enites., Several species of brachiopods have been found in this unit.
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The increase in mud in the southwestern extension of the upper unit
suggests that the water depth did not become as shallow there.

The Viola is subdivided into three units of which the basal
and uppermost have distinct facies. These units are designated: Unit
1L (basin laminites) and Unit 1C (shelf calcarenites equivalent to the
laminites); Unit 2C (calcarenitic mudstones found throughout the
Arbuckle Mountains); Unit 3C (coarse calcarenites), and Unit 3CM
(basin calcarenitic mudstones interbedded with thin calcarenites

equivalent to Unit 3C).



BIOSTRATIGRAPHY OF THE VIOLA FORMATION
INTRODUCTION

The Viola Formation contains a brachiopod fauna similar to
that of rocks of upper Champlainian and Cincinnatian Series. The
stratigraphic distribution of the brachiopod species of the Viola
Formation in the Arbuckle Mountains is given in Figure 12. In addi-
tion, this cdiagram shows the distribution of some of the graptolites
as reported by Decker (1933) and Ruedemann and Decker (1934).

In terms of number of species, the largest part of the fauna
occurs in units 3C and 3CM. The only assemblage zone which can be
traced laterally for any distance occurs near the top of the forma-
tion. In the northeastern shelf province it always occurs in the upper
six feet, but in the southwestern basin province it is found 40-60 feet

below the top. Forms referred to Lepidocyclus cooperi, Lepidocyclus

capax, Austinella n.sp., Thaerodonta cf. magna, Hesperorthis n.sp., and
Glyptorthis n.sp. occur in such large numbers as to dominate the fauna.
A1l six of these forms occur wherever the zone has been studied. There
are a total of 17 species from this upper assemblage zone, however, all
do not occur at any one locality. The brachiopod specimens meking up
this zone are commonly silicified in all exposures in the Arbuckle Moun-

tains. This is true even in the southwestern basin province (particularly
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at West Spring Creek, Locality R and Mountain Lake, Locality I) where
the zone occurs 40-60 feet below the top of the formation.

The brachiopods in Units 3C and 3CM have strong affinities to
those reported and described by Wang (1949) from the Maquoketa Forma-
tion of Iowa (recently elevated to group status), the Montoya Group of
West Texas and New Mexico (Howe, 1958, 1965, 1966), and the Saturday
Mountain Formation of Idaho (Ross, 1959).

The brachiopod species from Units 1 and 2 are fewer in number
of species and in number of individuals, although two species are
represented by 100 or more specimens. Nowhere in Units 1 and 2 were
any persistent biostratigraphic zones noted. All of the specimens
reported from these two units come from the shelf province. Of these,
the best preserved and most abundant are from Locality C, 270-280 feet

below the top of the formation.

Cincinnatian Series

The Cincinnatian Series is composed of the following stages in
ascending order: Edenian, Maysvillian, and Richmondian (the post-
Richmondian Gamachian Stage seems to be present only in parts of Canada).
For many years the stratigraphic interpretation of rocks on the Cincin-
natian Series in the type area in Kentucky and Ohio remained unchanged.

Meek and Worthen (1865) first proposed the name Cincinnati
Group for rocks around the Cincinnati, Ohio, area. Orton (1873) was
the first to subdivide this group into formations. In ascending order
he described the Point Pleasant, River Quarry, Eden, Hill Quarry, and

Lebanon formations. The former two are now included in the Trenton
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Group. The last three are approximately equivalent to the Eden,
Maysville, and Richmond Groups as used today.

Orton's originally described Eden is still considered to be
the type section. The Maysville was named by Foerste (1905) for rocks
near Maysville, Kentucky. They are immediately above the Eden shales
and just below Orton's Lebanon beds (Richmond of today). In 1897,
Winchell and Ulrich proposed the name Richmond to replace the Lebanon
beds of Orton. Some workers have considered these three rock units to
be groups, and others have referred to them as formations. Twenhofel
and others (1954) refer to the Eden, Maysville, andRichmond rock units
as groups. A most important aspect of these "groups" is that many of
the "formations" which are used today and which were accepted by the
Ordovician Subcommittee of the Committee on Stratigraphy of the National
Research Council (Twenhofel, 1954) are actually biostratigraphic zones
which were defined and named by early workers such as Foerste, Nickles,
Bassler, and Cumings in several independent studies. (See Gutstadt,
1958, for a brief review of these early studies.) Thus, it quickly
became established that certain species were "guides" to the various
"formations." Such stratigraphic procedures were probably followed
because of the nondistinctive lithologic nature of the alternating
shales and limestones comprising the Cincinnatian Series in the type
area. Because of this procedure it is difficult to determine the
stratigraphic ranges of the various Cincinnatian brachiopod species in
the type area of the Ohio Valley. It is circular reasoning to first
define a "formation" on the presence of one or more species, and then

claim that the species is restricted to that particular "formation."



25
In order to determine the stratigraphic ranges of fossil species it is
necessary to have a knowledge (based on lithologic criteria) of the
distribution and relationships of the rock types, and then superimpose

on this lithologic framework the distribution of the fossil species.

Maquoketa Formation (Group)

Wang (1949) considered the Maquoketa Formation of Iowa to be
of Upper Ordovician age. However, he made no specific comment on the
relationship of the brachiopods of the Mquoketa to the brachiopods of
the type sections in Kentucky and Ohio. Thus, no mention was made of
the presence of Edenian, Maysvillian, or Richmondian stages. Wang
stated that the purpose of his study was to supplement the strati-
graphic work published by Ladd (1929). Ladd (1929) in his introduction,
stated (p. 311):

The Mquoketa shale was made the subject of the present
investigation for two reasons (1) because the range of its
lithology and its obscure stratigraphic relations have been
interpreted in so many different ways that the literature is
in great confusion, and (2) because the fossils which have been
reported from the formation are abundant and of highly interest-
ing character. It was therefore with the purpose of working out
a series of persistent faunal zones and thereby correlating its
varying lithologic and paleontologic units that the study was
undertaken. .

He comments that the Maquoketa fossils were previously identified as
forms occurring in the Richmond "Group" of the Ohio Valley. However,
in a discussion of the Maquoketa fauna, Ladd pointed out that, when
comparing the Maquoketa species to those from the Ohio Valley (1929,
p. 391): ". . . in almost every case persistent differences of at

least varietal rank have been found." It was his intention to follow

his stratigraphic work of 1929 with a systematic description of the
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Maquoketa fauna including careful comparisons with those of the Ohio
Valley. However, no such later work was ever published.
Earlier workers had noticed the difference between the faunas
of the Iowa area and those of the Ohio type region. Schuchert (1910),
in his paleogeographic maps, showed a landmass extending north and south
along the Illinois-Indiana boundary during late Richmondian time, pre-
sumably to explain faungl differences between the Cincinnatian arch
area and the Iowa outcrop area.
Because of these and other earlier studies, rocks representing
Edenian and Maysvillian stages have been considered absent in the Il1li-
nois znd Iowa areas. There is still some doubt as to the age (Edenian,
Maysvillian, and Richmondian stages) of the Iowa rocks. Wang (1949)
made only one biostratigraphic statement in this regard (1949, p. 1):
The Maquoketa shale is part of an extensively distributed
marine formation of Upper Ordovician age. [Italics are those of
the writer. ]
One can only speculate as to whether Wang purposely avoided comparisons
with the type area of the Ohio Valley, or whether by "Upper Ordovician
age" he means that the Edenian, Maysvillian, and Richmondian stages are
all represented in the Maquoketa. It is the opinion of the writer that
Wang accepted the age of the Iowa Maquoketa as interpreted by Ladd (1929).
This belief is based on the statement (Wang, 1949, p. 1):
+ + . an extensive description of the stratigraphy which
would only repeat Ladd's detailed work published in
1929.
There is no doubt that Ladd was of the opinion that the Maquoketa For-

mation of Iowa was of Richmond age. He concluded (1929, p. 370):
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. + . the key to the perplexing problem of the exact age of the

Maquoketa faunas lies in the Fernvale and the other pre-Maquoketa

Richmond rocks of the Mississippi Valley area. When these rocks

have been studied more carefully we shall understand the Maquoketa

more perfectly.
The statement "perplexing problem of the exact age of the Maquoketa
faunas" refers to the correlation of the Maquoketa to the various "for-
mations" (Arnheim, Waynesville, Whitwater, and others) which make up
the Richmond Group in the Ohio Valley. Wang (1949) reported 47 positively
identified articulate brachiopod species from the "Iowa" Maquoketa, of
which 27 were new. However, there was no comparison of these forms to
those of the type area of the Ohio Valley.

Recently several studies have attempted to improve and clarify
correlations between the upper Ordovician rocks of the Ohio Valley and
those in Iowa. Gutstadt (1958) made a lithostratigraphic study of upper
Ordovician rocks of Indiana, Illinois, Missouri, and Iowa using surface
and subsurface information. The use of subsurface information was neces-
sary because of the large area of Indiana and Illinois in which these
rocks are not exposed. Gutstadt concluded that the Maquoketa Formation
of Iowa contains strata of Edenian, Maysvillian, and Richmondian age.

Sweet, and others (1959), in discussing the Eden conodonts from
the type section, presented paleontological evidence indicating that
Gutstadt's interpretation is correct. They stated (1959, p. 1038):

The Elgin, Clermont, and Ft. Atkinson members of the Maquoketa
Formation of Iowa, which succeed the Stewartville and Dubuque
stratigraphically, lack the distinctinve Anglo-Scandinavian ele-
ments of the subjacent Stewartville and Dubuque, but they contain
Phragmodus undatus, Dichognathus, and Belodina (in addition to
other things) which suggests to us that these units are late

Edenian and lower Maysvillian in age. The lower shaly part of
the Brainard member lacks Belodina, but contains Phragmodus undatus
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and Dichognathus, indicating that it may be upper Maysvillian

(McMillan) age. The Brainard limestone, on the other hand, seems

to contain a "flood" of Panderodus, as does the type Richmond--

but it also contains a few Phragmodus, which may indicate that it

is no younger than the Arnheim (early Richmond), in which Phrag-

modus seems to make its last appearance.

Based primarily on this conodont information, Templeton and

Wilman (1963) revised the stratigraphic interpretation and terminology
of the Maquoketa strata in Illinois, which are essentially the same as
the strata in Iowa. Figure 4 shows the previous stratigraphic sub-
divisions (Twenhofel and others, 1954) and those proposed by Templeton
and Wilman. Note that the initial deposit of the Cincinnatian Series
is the Cape Limestone, formerly the Fernvale. Templeton and Wilman pro-

posed the name Cape Limestone to replace the name Fernvale in Illinois,

Missouri, and Oklahoma.

Upper Ordovidian Rocks in Missouri

The Upper Ordovician section in southeast Missour is composed
of the following rock units in ascending order: Fernvale (Cape Lime-
stone), Maquoketa shale, Thebes sandstone, Orchard Creek shale, and
Girardeau limestone. In spite of paleontological evidence to the con-
trary, the members of the Ordovocian Subcommittee (Twenhofel and others,
1954) considered this rock sequence to be entirely of Richmond age. The
Subcommittee indicated it is of Richmond age, unconformably overlying
the Kimmswick limestone of Trenton age. This is the same interpreta-
tion proposed by Ulrich in 1911.

Keenan (1940) studied the ostracodes of the Maquoketa shale of
southeastern Missouri. He reported 28 species, 19 of which were new.

Three are common to the lower Maquoketa of Iowa (now considered to be
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Figure 4

Stratigraphic classification of the Maquoketa Formation
in Illinois proposed by the Ordovocian Subcommittee of the
Committee on Stratigraphy of the National Research Council
(Twenhofel et al., 1954), and the new classification of these

rock units proposed by Templeton and Wilman (1963).
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of Early Cincinnatian age), 3 are common to the Eden Group of Cincinnati,
Ohio, and 3 are common to the Maysville Group of the Ohio Valley.

Hardy (1946) studied the conodonts of the Fernvale of
southeastern Missouri, and concluded that it is either of Edenian or
Maysvillian age.

Branson, Mehl, and Branson (1951) made the following statement
about the conodonts of the Fernvale of southeastern Missouri (p. 4):

A crystalline limestone known as the Fernvale lies between
the Kimmswick and Maquoketa in some parts of Missouri and is
commonly referred to the Richmond. This age reference has some-
what confused the conodont picture, but it is now known that the
Fernvale of Missouri contains a fauna not greatly different from
that of the Kimmswick or that of the overlying Maquoketa. There
is a normal trend in the faunas from the Plattin, through Kimms-
wick and Missouri "Fernvale" to Maquoketa, and the Maquoketa fauna
is a normal connecting link with the Richmond.

Sweet, and others (1959) commented on the Missouri section

(p. 1039):

The Thebes sandstone member of the Orchard Creek yielded
most of Branson and Mehl's "Maquoketa" conodonts. This unit
contains Amorophognathus and Ambalodus triagularis, as well as
Scolopodus ingculptus, S. ? dissimilaris, and Phragmodus gimplex,
a species much like a Phragmodus that appears in the Fairview .
formation (early Maysville) of Ohio. Since neither Amorphognathus
nor Ambalodus triangularis appears to range beyond the Fairview
formation, it seems probable that the Thebes sandstone is either
very late Edenian or early Maysvillian in age,

Maravillag Chert of Texas

The age of the Maravillas Chert has been the subject of much
discussion, Berry (1960) studied the graptolites from this unit and
discussed its correlation with rock units in other areas. His conclu-
sions regarding the correlation of the Maravillas with the Viola For-

mation are important to the present study. Referring to Ulrich's
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Figure 5
The stratigraphic classification of the Montoya

Group of West Texas and New Mexico as interpreted by

Howe (1959).
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Figure 6

The brachiopods reported from the members of the
Maquoketa Formation of Iowa by Wang (1949). The Brainard
Member is divided into upper and lower submembers. Also

shown are those species which occur in Units 3C and 3CM

of the Viola Formation in the Arbuckle Mountains.
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biostratigraphic interpretation of the Maravillas, Berry stated (1960,
p. 30):

Further, he stated that the fauna of bryozoa and brachiopods
from Maravillas Gap was a "typical Fernvale-Richmond fauna," and
he considered that the upper part of the formation had a similar
relation to the Trenton part as the Fernvale-Richmond zone had to
the Viola limestone in Oklahoma. Ulrich thought that the Fernvale-
Richmond zone and its correlatives marked a great transgression
following a period of emergence and placed it at the base of the
Silurian. Thus Ulrich divided the Maravillas chert [as he did
other western formations such as the Montoya limestone and Bighorn
dolomite] into a lower part correlated with the Trenton and an
upper part correlated with the Fernvale-Richmond.

Berry (1960, p. 31) divided the Maravillas into three graptolite
zones. The lowest graptolite zone was interpreted to be of Trenton age
and was correlated with the lower Viola Formation of Oklahoma. The
middle zone was correlated with the Eden and Maysville stages, and the
upper zone was interpreted to be Richmond in age. In his concluding
comments about the age of the Maravillas chert Berry stated (1960, p.
31):

The Maravillas chert represents late Middle Ordovician and

all of Late Ordovician time. The original diagnosis by Ulrich of
a Trenton fauna and a Richmond fauna in the formation is correct,
but the Eden and Maysville are also represented. There is no
break in time within the Maravillas chert; there seems to have
been continuous deposition from late Wilderness time through the
Trenton and all of the Late Ordovocian.

Berry (1960, p. 31) studied the graptolites collected by
Charles Decker from the Viola Formation of the Arbuckle Mountains. In
presenting his regional correlations, Berry divided the Oklahoma sec-
tion into the Viola Formation, the Fernvale Formation, and the Sylvan
Formation. By comparing the graptolites from these formations to those

from the Maravillas in Texas he concluded that the Oklahoma sequence,

like the Maravillas, represents one of continuous deposition. The
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lower Viola represents the Trenton stage, the upper Viola represents
the Eden-Maysville stages, and the Fernvale and Sylvan represent the

Richmond stage.

Brachiopods of the Viola Formation

There are 23 brachiopod species reported from Unit 3C and
Unit 3CM; 18 are positively identified and 5 identifications are of
uncertain affinity. These brachiopods have more species in common with
the Maquoketa Formation than do those of the Montoya Group of the Sat-
urday Mountain Formation. However, it should be pointed out that the
Maquoketa has 47 well-defined species in comparison to only 22 in the
Montoya and 11 in the Saturday Mountain. The meager brachiopod fauna
of the Saturday Mountain Formation of Idaho and the brief description
concerning its distribution are considered insufficient for meaningful
comparison (See Figure 8.)

Figure 9 shows the percentages of genera and species of Units
3C and 3CM brachiopods which also occur in the Maquoketa Formation of
Iowa. There are 4 genera which are not found in Units 3C and 3CM of the
Viola Formation: Holtedahlina, Hypsiptycha, Zygospira, and Resserella
(this may not be a species of Resserella). The last species is the
only one occurring below the Ft. Atkinson Member of the Maquoketa. The
genera in Units 3C and 3CM which are represented by the greatest number
of individuals are: Austinella, Thaerodonta, Paucicrura, Glyptorthis,
Hesperorthis, and Lepidocyclus. These genera occur in such large num-
bers that they can be said to chﬁracterize the fauna, Of these,

Austinella, Paucicrura, Thaerodonta, and Glyptorthis are reported from
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Figure 7

The brachiopod species reported from the Montoya
Group of West Texas and New Mexico by Howe (1965a, 1965b,
1966a). The Aleman and Cutter Formations are divided into
upper and lower members. Also shown are those species which
are common to the various members of the Maquoketa Formation
of Iowa (Elgin, Clermont, Ft. Atkinson, and Brainard), and
to the Units 3C and 3CM of the Viola Formation of the

Arbuckle Mountains.
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Figure 8

The brachiopod species reported from the Saturday
Mountain Formation of Idaho by Ross (1958). Also shown
are those species which are common to the various members
of the Maquoketa Formation of Iowa, the Montoya Group of
West Texas and New Mexico, and Units 3C and 3CM of the

Viola Formation of the Arbuckle Mountains.
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Figure 9

The percentages of brachiopod species from Units 3C
and 3CM of the Viola Formation occurring in the Saturday
Moﬁntain Formation of Idaho, the Montoya Group of West
Texas and New Mexico, and the Maquoketa Formation of Iowa.
A1l of the genera from Units 3C and 3CM of the Viola also
occur in the Saturday Mountain Formation, the Montoya Group,
and the Maquoketa Formation. The Maquoketa Formation has
the greatest number of species in common with the Viola

units.
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only the Elgin and Clermont members of the Maquoketa. Hesperorthis
was not found in the Maquoketa (Wang, 1949), but Lepidocyclus is rep-
resented throughout the Maquoketa.

This stratigraphic distribution of genera serves as partial
justification for correlating the upper Viola (Units 3C and 3CM) with
the lower Maquoketa of Iowa. However, it must be pointed out that no
species of these genera are common both formations.

Figure 9 shows that 22 percent of the species (excluding the
questionable forms) from Units 3C and 3CM are present in the Maquoketa
of Iowa. Figure 10 shows that of the 22 percent, two-thirds are in the
lower part of the Maquoketa (Elgin and Clermont members). Thus, from
the standpoint of relative abundance Units 3C and 3CM are more closely
correlated with the lower Maquoketa. Sweet, and others, (1959) showed
by a study of the conodonts that the lower Maquoketa represented the
Eden and Maysville stages. (See p. 27.) Therefore, because the Viola
brachiopods from Units 3C and 3CM are correlated with thelower Maquoketa,
they are interpreted to be of Edenian and Maysvillian age.

Figure 5 is modified from Howe (1959) and shows his
stratigraphic interpretation of the Montoya Group of West Texas., He
based his interpretation on the close similarity of the brachiopod
fauna of the Aleman Limestone to that of the Elgin and Clermont Members
of the Maquoketa. Figure 7 shows that, of the 22 species from the Mon-
toya Group, five occur in the Elgin and Clermont Members of the Maquoketa.

Howe accepted the early Cincinnatian age for the lower Maquoketa as

interpreted by Gutstadt (1958) and later substantiated by Sweet, and

others (1959). The correlation of the lower Aleman with the lower
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Figure 10

The percentages of species from Units 3C and 3CM of
the Viola Formation which also occur in the Maquoketa
Formation. The sections are divided into the lower Maguoketa
(Elgin and Clermont Members) and the upper Maquoketa (Ft. At-
kinson and Brainard Members), and shows that the lower
Maquoketa has more species in common with Units 3C and 3CM

of the Viola than does the upper Maquoketa.
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Maquoketa of Iowa requires that the Upham Formation be of later
Trentonian age. This interpretation is supported by the evidence of
Flower (1957) who noted that the cephalopods (Actinoceratida) of the
Upham have a strong affinity to the faunas of the Cynthiana, Catheys,
Kimmswick, and Rogers Gap formations. If thisage determination is
correct, then Lepidocyclus capax, L. laddi, and L. manniensis should
no longer be considered characteristic Richmond or even Cineinnatian
species. There are six species common to the Montoya Group and to
Units 3C and 3CM of the Viola Formation. (See Figure 7.) These

species are: Lepidocyclus capax, L. manniensis?, Strophomena neglecta,

Thaerodonta magna, Plaesiomys bellistriatus, and P. gubquadrata. Five
of these species occur in the Aleman Limestone of the Montoya Group;
the other, Lepidocyclus capax, occurs in the Upham Limestone. There-
fore, Units 3C and 3CM are correlated with the Aleman Limestone of the
Montoya Group.

The writer studied the brachiopods from the "Fernvale" (Cape)
Limestone in northeastern Oklahoma and found that almost every species
which occurs in Units 3C and 3CM of the Viola also occurs in the north-
eastern unit. The species that do not occur in the northeastern
"Fernvale" (Cape) Limestone are those which are restricted to the lower
parts of Unit 3C and Unit 3CM in the Arbuckle Mountains: Lepidocyclus
oblongus, L. manniensis, ?L. perlamellosus, Strophomena cf. S. clermon-
tensis, and S. perconcava. There are 17 species in the upper part of
Unit 3C (the assemblage zone) in the Viola of the Arbuckle Mountains.
Each of these species is also féund in the "Fernvale" (Cape) Limestone

in northeastern Oklahoma.
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There is a large brachiopod fauna in the Fernvale (Cape)
Limestone of southeast Missouri., The writer has just undertaken a
study of this fauna so as to compare it to the fauna in the Viola
(Units 3C and 3CM) in the Arbuckles and the "Fernvale" (Cape) Lime-
stone in northeastern Oklahoma. As previously noted, there is faunal
evidence that the "Missouri" Fernvale is Edenian-Maysvillian in age
(Keenan, 1940; Hardy, 1946; Branson, Mehl, and Branson, 1951; Sweet,
and others, 1959). Predisely how many of the brachiopod species of
this unit are also present in the "Fernvale" (Cape) Limestone of north-
east Oklahoma or in the Viola Formation of the Arbuckle Mountains is
not yet known, However, two species not reported from any other for-
mation occur in both the Missouri unit and in the Viola (Units 3C and
3CM). Because this is their only known occurrence, they may be bio-
stratigraphically important in the correlation of these rock units.
The two species are Lepidocyclus oblongus and Platystrophia n.sp. B.
The latter has a characteristic adductor muscle pattern. (See Plate
III, Figs. 3b and 3c; see also the discussion of this species.) At
present, the writer is of the opinion that the upver Viola in the
Arbuckle Mountains and the "Fernvale" (Cape) Limestone in northeast
Oklahoma are correlative with the Fernvale (Cape) Limestone in south-
east Missouri. After further study of the Missouri brachiopods, a more
satisfactory biostratigraphic evaluation will be possible.

The stratigraphic distribution of the brachiopods in the Viola
Formation at localities G and I furnishes important biostratigraphic
information. At Locality G (Buckhorn Ranch), the upper 100 feet of the

Viola Formation is composed of alternating beds of calcarenites,
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calcarenitic mudstones, and some mudstones. The brachiopod assemblage
zone which is found at the top (upper 6 feet) of the formation (Unit
3C) in the shelf province is 10-15 feet below the top at Locality G.
It is underlain and overlain by calcarenitic mudstones and mudstones.
At this locality the lithic continuity of Unit 3C is lost; the rocks
ere designated Unit 2. The brachiopod assemblage zone maintains itself
in one of the thin southwestern extensions of Unit 3C. Southwest of
Locality G, this thin calcarenite extension is found progressively
farther below the top of the formation. For example, it is 40 feet
below the top at Locality I.

In addition to the characteristic assemblage zone 10-15 feet
below the top of the formation at Locality_G, several "key" species
occur in the calcarenitic mudstone beds 60-75 feet below the top of the
formation. These species, elsewhere known only from Cincinnatian rocks,
are: Plaesiomys bellistriatus, Strophomena perconcava, S. neglecta, S.

cf. S. clermontensis, and ?Lepidocyclus perlamellosus. This suggests

that these mudstones and calcarenitic mudstones (referred to as Viola
by all previous workers) are of Cincinnatian and not Trentonian age.
The section at Locality G is of critical importance. It
provides both paleontological and lithological evidence which support
the conclusion that the rock unit previously called "Fernvale," and
thought to be of Richmondian age, is actually of Edenian-Maysvillian

age, and a facies of the upper Viola (Unit 3CM). (See Figs. 3 and 15.)
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The Brachiopods of the Fernvale of Tennessee

The writer collected and studied the brachiopods from the
Fernvale calcarenite (as defined by Wilson, 1949) from the area of
Nashville, Tennessee. The "Tennessee" Fernvale does not have as many
brachiopod species as does the "Fernvale" (Unit 3C) of the Arbuckles.
The following species were identified in the Tennessee Fernvale,
Lepidocyclus manniensis
- - L. capax
Hypsiptycha dentatum
Plaesiomys subgquadrata

Strophomena sp.

Thaerodonta cf. recedens
Hebertella insculpta
?Paucicrura sp.

Lepidocyclus manniensis is the most common species in the

"Tennessee" Fernvale; more than 300 specimens were collected.
Plaesiomys subquadrata, Hebertella insculpta, and Thaerodonta cf.
recedens are also fairly common; about 50 specimens of each were col-
lected. The other species, L. capax, Strophomena sp., Hypsiptycha
dentatum, and ?Paucicrura sp. are all represented by less than 10
specimens each,

There are marked differences between this fauna and the one
from the Arbuckle Mountains. Lepidocyclus manniensis is represented by
only a few specimens in the Arbuckle "Fernvale" (Unit 3C), but is the
dominant species in Tennessee. Plaesiomys subquadrata is more common

in the "Tennessee" Fernvale than in the Arbuckle Mountains. The other
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species, with the possible exception of ?Paucicrura sp., are not common

to both units. Species such as Austinella n.sp., Lepidocyclus cooperi,

Glyptorthis, n.sp., Hesperorthis n.sp., Platystrophia n.sp. A, Platy-

strophia n.sp. B, Megamyonia n.sp?, and Diceromyonia cf. D. tersa, which
occur in such large numbers in Units 3C and 3CM of the Viola Formation
and in the "Fernvale" (Cape Limestone) of northeast Oklahoma, are con-

spicuously absent from the Fernvale Formation in Tennessee.
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Figure 11

Photograph of a polished section showing the unconformable
contact between the Fite.Limestone (below) and the "Fernvale"
(Cape) Limestone (above) in northeastern Oklahoma. The
"Fernvale" (Cape) Limestone in this area has the same lith-
ology (calcarenite) as in the Arbuckle Mowntains. The Fite
Limestone is lithologically similar to the Bromide Formation
(Corbin Ranch) of the Arbuckle Mountains and is considered
correlative with it. Rocks usually referred to as Viola are

nissing here. Enlargement Xi.
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Figure 13
Ranges of the various brachiopod species from the
Maquoketa Formation of Iowa. The ranges were compiled

by the writer from data presented by Wang (1949).
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Figure 14
Ranges of the various brachiopod species from the
Montoya Group of West Texas and New Mexico. The ranges

were compiled by the writer from data presented by

Howe (1959, 1965a, 1965b, 1966a).
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CONCLUSIONS

Units 3C and 3CM of the Viola Formation in the Arbuckle
Mountains are correlated with the lower Maguoketa Formation of Iowa,
the Aleman Limestone of West Texas and New Mexico, the "Fernvale"
(Cape) Limestone of northeast Oklahoma, and the "Fernvale! (Cape)
Limestone of southeast Missouri. These rocks are interpreted to
represent the Edenian-Maysvillian stages of the Cincinnatian Series.
The evidence furnished by‘brachiOpods, particularly at localities G
and I, supports the lithostratigraphic interpretation presented by
the writer's co-worker (Glaser, 1965). There is no evidence of a
hiatus in the Viola-"Fernvale" sequence. The sequence is continuous
with rocks representing the Trentonian, Edenian, and Maysvillian and
Richmondian stages. Figure 12 (in pocket) shows the stratigraphic
distribution of some of these graptolites. The graptolite species on
which Decker based his interpretation are:

(1) Climacograptus typicalis posterus in zone 2 (immediately
below the lithologic unit referred to as the Fernvale) in the section
north of Bromide. This form, Decker stated, indicates a Utica-
Lorraine (Eden-Maysville) age for the upper Viola.

(2) Climacograptus lorrainensis in zones 2 and 3 of the Viola.
It also first appears in great numbers about the middle of the Lorraine

(Maysville) in New York.
58
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(3) Diplograptus recurrens is one of the most abundant species

in the upper Viola. It is found in zones 2-5 at West Spring Creek
(Section R). Outside of Oklahoma, it occurs in the lower Lorraine and
in the Arnheim beds of the Richmond Formation.

(4) Diplograptus peosta occurs immediately below the brachiopod
assemblage zone at West Spring Creek (Section R). It also occurs in
Unit 3CM (Decker's zone 1) along U, S. Highway 77 in Oklahoma. This
species is found in the Maquoketa Formation of Iowa, Wisconsin, and
Minnesota.

Figure 15 (in pocket) shows a regional stratigraphic interpretation
consistent with the data presented in this paper. In the northeast Okla-
homa area the "Fernvale" (Cape) Limestone (calcarenite) of Edenian-
Maysvillian age lies unconformably on the Fite Limestone (equivalent to
the Bromide Formation of the Arbuckle Mountains) of Black Riverian age.
Rocks representing the Trentonian stage are absent. Figure 11 is a
_ photograph of a polished section showing the contact between the "Fern-
vale" (Cape) Limestone and the Fite Limestone. In the subsurface, the
"Fernvale" (Cape) Limestone lies on younger and younger rocks of Tren-
tonian age. The unconformity terminates in the subsurface so that an
uninterrupted section is exposed in the outcrop area of the Arbuckle
Mountains,

The name "Fernvale" should be discontinued in Oklahoma. The
name "Fernvale" has had a Richmondian age connotation which has helped
to perpetuate an erroneous interpretation of the stratigraphy. Although
formations can be of different ages in different areas, it cannot be

demonstrated that the northeast Oklahoma-Missouri Fernvale (Cape)
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Limestone of Edenian-Maysvillian age was ever continuous with the
"Tennessee" Fernvale of Richmondian age. The faunal evidence that
they are different in age is taken as evidence that they are not
remnants of a once continuous deposit. For this reason, and To help
to clarify the stratigraphy, a new name should be used. Templeton
and Wilman (1963, pp. 134-135) proposed the name Cape Limestone to
replace the name "Fernvele" in Illinois, Missouri, northeast Cklahoma,
and the Arbuckle Mountains. The writer is of the opinion that the
name Cape Limestone is a valid replacement for the name "Fernvale" in
northeast Oklahoma. However, the name Cape Limestone should not be
used for the rocks in the Arbuckle Mountains. The reasons for this
are: (1) the contact between Unit 3C ("Fernvale," (Cape)) and Unit 2
is gradational in the northeast part of the Arbuckle Mountains, and
(2) Unit 3C ("Fernvale,") (Cape)) loses its characteristic lithologic
nature and interfingers with Unit 3CM in the southwest part of the
Arbuckle Mountains. Because of these stratigraphic relationships the
writer is of the opinion that the best solution is to refer to the
entire sequence as the Viola Formation, and designate the upper cal-
carenite unit ("Fernvale") (Cape)) as one member. A detailed discussion
as to why this solution was chosen is given in the section on the

lithostratigraphy of the Viola Formation.



PALEONTOLOGY

Introduction

Brachiopods are not uniformly distributed throughout the
Viola Formation. In most units there are numerous fragments present,
but it is the exception rather than the rule to find specimens suf-
ficiently well preserved for study and therefore to be of any
stratigraphic value. The best material was recovered from units in
which silicified brachiopods occurred. In addition, "crack-out"
material was collected from the "transitional zone." This zone is
defined as the lower part of Unit 3C and the upper part of Unit 2 and
3CM. This transition zone can easily be matched with zones 2, 3, and
/ of Decker (1933). Because of the nature of the rock and the great
thicknesses exposed it was not possible to collect all 18 sections.
Figure 12 (in pocket) shows the stratigraphic positions of the brach-

iopods collected and studied.

Method of Preparation
Those limestone blocks containing silicified brachiopods‘were
dissolved in 5-10 percent hydrochloric acid., The silicified specimens
were caught on an underlying screen, soaked for about a day in clear
water, dried in the open air, and then dipped in a mixture of Duco

Cement and acetone. Thls last procedure helps prevent breakage. The

61
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concentration used of acetone to Duco Cement was about 1 part Duco
Cement to 10 parts acetone. ,

As reported by Glaser (1965) most of the rocks of this sequence
are high in silica. Because of this it is difficult to extract good
brachiopod specimens from most beds. Even where they occur in abundance
it is almost impossible to break them out of the rock with the necessary
morphological features preserved well enough for specific identification
and study. It is possible that the high percentage of silica is the
regson that many of the shells are silicified. It is not known why the

many trilobites, corals, and bryozoans which occur with the brachiopods

are not silicified.

Statistical Procedures

Many paleontologists tend to neglect the study of early growth
stages and general growth studies of all types. Simpson, Roe, and
Lewontin (1960) list three quantitative aspects of growth in which a
zoologist might be interested. They are: (1) a knowledge of the
change over time in some dimension of the animal, (2) the relative
sizes of two dimensions of a single animal, and (3) changes in shape.
These authors give a full treatment of relative growth.

Huxiey (1932) was the first to successfully treat relative
growth quantitatively. His investigations were more zoological than
paleontological, but the principle can be applied successfully to fos-
sils (Imbrie, 1956; Olson, 1951), Relative growth is the study of
change in size of one variable with respect to change in size of another

variable. Huxley approached the problem from a slightly different
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viewpoint., He was concerned with determining the relationship between
the size of the body as a whole and an organ whose proportionate size
changed during life. He was able to do this quantitatively by the use
of the equation Y = aXP.,  This equation is now referred to as the
"aw of allometry." Here (X) is the magnitude of the body, (¥) the
magnitude of the differentially growing organ, and (b) and (a) are
constants. The constants (a) and (b) have been given different names
by different authors. Simpson calls (a) the initial growth index and
(b) the constant of allometry. Imbried (1956) denotes (a) as the
initial growth index and (b) the growth ratio.

Scatter diagrams of two biological variables (for instance
length-width, or length-thickness) sometimes form a pattern such that
the curve of best fit is of the form Y = aX®. 1In such a situation
the line of best fit is curved and the variables are showing allo-
metric growth. Conversely, some scatter diagrams can be best repre-
sented by a curve of the form Y = a + bX in which (a) is the Y
intercept and (b) the slope of the line. The relative growth of the
two variables in this instance is considered to be isometric. By
convention X is taken as the independent variable and Y as the
dependent variable, although there is no biological reason or justi-
fication for this selection.

In a scatter diagram of two growth variables of brachiopods,
a straight line Y = a + bX best fits the data in most cases. This
is particularly true because of the absence of the very early growth

stages. The line of this form is called the "regression line" or an

"isometric growth curve." It can be considered the average path through



64,
which the two variables passed on the way to achieving their final
position. It must be remembered that what is seen in the sample need
not be the final stages of growth. Also, by using convention to desig-
nate (X) as the independent and (Y) the dependent variable it should not
be assumed that the two characters are unrelated, or, that the growth
of one has no influence on the growth of the other. In living arganisms
many characters are clearly interrelated and the growth of one affects
and is affected by the growth of the other.

The two constants (a) and (b) in the regression equation are
the important quantities to analyze. The values for (a) and (b) have
been estimated by the method outlined by Simpson (1960, pp. 232-233).

In this paper the former will be called the initial growth index and the
latter the growth ratio. There are particular statistical procedures
which can be applied to test the significance of the difference between
two (a)s (position of the regression line), or the significance of the
difference between two (b)s (slopes of the regression lines). Various
workers have used such tests to help differentiate species or sub-
species. Such tests of significance and the calculation of confidence
limits and intervals are discussed fully by Simpson, Roe, and Lewontin
(1960).

The primary reasons for incorporating regression analyses into
the formal systematic descriptions are: (1) because many morphological
characters of brachiopods show continuous variation and in many cases
regression is a satisfactory means of showing that variation, (2) to
help differentiate, if possible, similar species or subspecies from the

same stratigraphic horizon, and (3) to present the variability in such
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8 way that other workers, if they desire, can statistically compare
their material to that of the Viola.

Where possible, each description is accompanied by: (1) a
scatter diagram of the two variables selected, (2) the calculated
regression line, and (3) the approximate 95 percent confidence limits.
The 95 percent confidence limits have been calculated by the method
described by Goldstein (1964, pp. 139-141). This gives a good estimate
of the variability of the two characters under study. Also, the values
of the constants (a) and (b) are given. It is important to remember
that because the regression lines and the values of (a) and (b) have
been estimated using standard statistical techniques they can be pﬁt
to statistical tests by other workers when comparing their material with
that presented here.

Some of the brachiopod specimens described from the Maquoketa
Formation of Iowa (Wang, 1949) were borrowed from the University of Iowa.
Also, the type specimens from the Montoya Group of West Texas and New
Mexico (Howe, 1965, 1965a, 1966, 1966a) were studied at the United
States National Museum. In addition, a small collection of brachiopods
from the Fernvale (Cape) Formation of Missouri was borrowed from the
Yale University Peabody Museum. These specimens were referred to by
Gealey (1955), although he did not describe them.

Specimens to which University of Oklahoma catalog numbers have
been assigned are designated by the prefix OU. All of the specimens
from the Viola Formation, figured and unfigured, are deposited in the
University cf Oklahoma Geology Repository. Specimens in the repository

of the State University of Iowa are designated by the prefix S.U.I.,
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and those in the United States National Museum by the prefix
U.S.N.M.
Several of Wang's figured specimens were borrowed by the

writer. They are listed below.

Glyptorthis pulchra Wang; U.S.N.M. 111947, U.S.N.M. 111948a,

U.S.N.M. 111948b.
Austinella delicata Wang; S.U.K. 1798, S.U.I. 1799
Austinella whitfieldi (Winchell); S.U.I. 1800, S.U.I. 1801,
S.U.I, 1802

Austinella kankakensis (McChesney); S.U.I. 1803

Plaesiomys subguadratus occidentalis Ladd; S.U.I. 1807

Plaesiomys proavita (Winchell and Schuchert); S.U.I. 1808,
S.U.I. 1809, S.U.I. 1810
Plaesiomys plenus Wang; S.U.I. 1817, S.U.I, 1818, S.U.I. 1819

Platystrophia equiconvexa Wang; S.U.I. 1823

Rhynchotrema iowense Wang; S.U.I. 1824, S.U.I, 1825

Lepidocyclus laddi Wang; S.U.I, 1828, S.U.I, 1829a, S.U.I.
1829b, S.U.I. 1830

Lepidocyclus rectangularis Wang; S.U.I. 1832, S.U.I. 1833

Lepidocyclus erectus Wang; S.U.I. 1834, S.U.I. 1835

Lepidocyclus notatus Wang; S.U.I. 1836

Lepidocyclus manniensis (Foerste); S.U.I. 1837, S.U.I. 1838,
S.U.I. 1839

Lepidocyclus perlamellosus (Whitfield); S.U.I. 1830

Opikina limbrata Wang; S.U.I. 1841, S.U.I. 1842, S.U.I.

1843
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Strophomena planumbona (Hall); S.U.I. 1845, S.U.I. 1846

Strophomena elongata James; S.U.I. 1847
Strophomena cf. S, planoconvexa Hall; S.U.I. 1850

Strophomena perconcava Wang; S.U.I, 1851

Strophomena clermontensis Wang; S.U.I, 1852

Tetraphalarella cooperi Wang; S.U.I., 1860a, S.U.I. 1861

Megamyonia knighti Wang; S.U.I. 1868, S.U.I. 1869, S.U.I. 1870

Tetraphalarella neglecta (James); S.U.I. 1871

Lepidocyclus gigas Wang; S.U.I. 1880
Thaerodonta recedens (Sardeson); S.U.I, 1881, S.U.I. 1882

Thaerodonta gsaxea (Sardeson); S.U.I. 1883, S.U.I. 1884a,
S.U.I 188b

Thaerodonta aspera Wang; S.U.I. 1885, S.U.I. 1886

Thaerodonta dignata Wang; S.U.I. 1887, S.U.I. 1888a, S.U.I.
1888b

Diceromyonia subrotundata Wang; S.U.I., 1889

Diceromyonia tersa (Sardeson); S.U.I. 1890, S.U.I. 1891

Onniella quadrata Wang; S.U.I. 1892, S.U.I, 1893, S.U.I. 1894

The writer visited the United States National Museum and was
able to study all of Howe's (1965, 1966) figured specimens from the
Montoya Group. While at the Museum the writer also studied the figured
specimens of Lepidocyclus cooperi Howe and Lepidocyclus obiongus Howe
from the Fernvale (Cape) Limestone of Missouri and northeast Oklahoma.

For classification above the generic level the writer has

followed the Treatise (Williams and others, 1965).



68

List of Brachiopod Species from the Viola Formation

Hesperorthis n.sp. A

Hesperorthis sp. B.

Glyptorthis n.sp.

Plaesiomys cf. P. subguadratus (Hall)

Plaesiomys subquadratus (Hall)
P. proavita (Winchell and Schuchert)

P. bellistriatus Wang

Austinella n.sp.
Dinorthis pectinella (Emmons)
Dinorthis cf. D. transversa Willard

Doleroides n.sp.

Platystrophia n.sp. A
Platystrophia n.sp. B

Platystrophia n.sp. C

Diceromyonia c¢f. D. tersa (Sardeson)
Paucicrura cf. P. rogata (Sardeson)
Paucicrura n.sp.

Onniella sp.

Leptellina sp.

Thaerodonta magna Howe

Sowerbyella n.sp.?

Sowerbyella sp.

Strophomena planumbona (Hall)

S. perconcava Wang

S. cf. 8. clermontensis Wang
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Strophomena sp.

S. neglecta (James)
Strophomena n.sp.
Megamyonia n.sp.?
Oepikina sp.
Rafinesquing sp.

Rhynchotrema increbescens Hall

Lepidocyclus cooperi Howe

L. capax (Conrad)
L. oblongus Howe
L. manniensis? (Foerste)

?L. perlamellosus (Whitfield)

Suborder Orthidina Schuchert and Cooper, 1932
Superfamily Orthacea Woodward, 1853
Family Dolerorthidae 6pik, 1934
Genus Hesperorthis Schuchert and Cooper, 1931
Hesperorthis n.sp. A
Plate V, figs. 9, 10
Description: This species is large for the genus. The
largest specimen has a length of 24 mm. and a width of 27 mm. (See
Figure 16 for a complete range of sizes.) The greatest shell width is
at the hinge line in both immature and mature specimens. The width is
distinetly greater than the length at all growth stages. The cardinal
extremities are acute in most specimens, but are at right angles in

some. The lateral margins are straight and the anterior margin is
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broadly rounded. The anterior commissure is sulcate and the lateral
commissure convex. The surface of the shell is ornamented by 30-35
elevated costae around the umbo, and depending on the size of the
individual, 37-42 costae around the margin. The costae are sharply
rounded in the posterior portion of the shell and gently rounded in the
anterior portion. In the region of the umbo the separating grooves are
about as wide as the costae, but the costae gradually become wider than
the grooves in the anterior direction. At 10 mm., from the beak there
are 7-8 costae in a space of 5 mm.

The pedicle valve is convex and evenly rounded in lateral
profile. The greatest thickness is just posterior to the middle causing
the anterior slope to be slightly gentler than the posterior slope. The
anterior profile is strongly rounded with the lateral slopes almost
straight. The interarea is curved and weakly apsacline to orthocline;
a little more than one-fourth as long as the valve. The deltidium is
narrow, subtending an angle of about 20 degrees. A pseudodeltidium
covers the posterior one-half of the deltidium. TYe beak varies from
being erect to being slightly incurved. The delthyrial cavity is deep,
narrow, and almost conical in shape with the apex of the cone at the
posterior extremity. The teeth are small and the dental plates are
receding. The muscle field extends anteriorly as far as the hinge line
and normally possesses and evenly curved and slightly elevated anterior
margin, The interior margin is crenulated with each crenulation cen-
trally cleft.

The brachial valve is concave in lateral profile. It is

distinctly sulcate in anterior profile with the flanks of the valve
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gently convex. A sulcus is present near the umbo and expands anteriorly,
extending to the anterior margin. The sulcus is occupied by about 10
costae at the anterior margin. The cardinal extremities are deflected
toward the pedicle valve. The interarea is plane, hypercline, and
shorter than the pedicle valve interarea. The notothyrium is covered
posteriorly by chilidial plates. Each plate is convex and projects
slightly higher than the level of the interarea. The plates are joined
and are attached to the cardinal process forming a groove at the posi-
tion of juncture. The notothyrial cavity is shallow. The cardinal
process is a thin ridge which is broader at the base than at the apex
which is near the level of the interarea. The process extends the full
length of the cavity. The brachiophores are stout, long, and each bears
a shallow socket on its inner face. The brachiophores are continuous
with the walls of the notothyrial cavity although they are deflected at

a slightly greater angle. The inner face of each brachiophore has a

-

weak median ridge which extends its full length. The sockets are shallow
and are partly under the interarea. The posterior adductor scars are
about twice as large as the anterior scars. Neither the posterior nor
anterior scars are well defined. The median septum is stout and extends
anteriorly to about the middle of the valve.

Discussion: This species is like H. tricenaria (Conrad) and
has been identified as such in previous works. Huffman (1958) compiled
a faunal list for the "Fernvale" (Cape) in northeastern Oklahoma in
which he included this species as H. tricenaria (Conrad). The author

has collected the "Fernvale" (Cape) in northeastern Oklahoma and is of

the opinion that the species there is the same as described here.
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This new speciesis different from H. tricenaria in possessing
more numerous costae, The largest shells of H. tricenaria in the
National Museum collections show 30-32 marginal costae. In contrast,
this new species has 37-42 marginal costae, depending on its size. In
addition, the brachial valve of H. tricenaria has small delicate brachi-
ophores and a distinct anacline interarea in contrast to the strong
robust brachiophores and a hypercline interarea of Hesperorthis n.sp. A.
In a statistical plot of pedicle width-pedicle length for H. tricenaria,
8 out of the 12 specimens measured fall outside of the 95 percent con-
fidence interval for Hesperorthis n.sp. A. The plot of length of the
pedicle valve-length of pedicle interarea shows only 3 of the 12 speci-
mens outside the 95 percent confidence interval for Hesperorthis n.sp. A.
Thus, the most important distinguishing characteristics about this
species are the fairly large size and the numerous costae.

The various dimensions of H. tricenaria (Conrad) from the
National Museum collections are given below. These can be compared with
the dimensions given for this new species (see Figures 16 and 17). All

measurements are in millimeters.

Length Width Length of Interarea Locality
8.2 11.3 3.0 Wisconsin
9.8 12.3 3.4 Wisconsin
11.3 11.9 3.8 Illinois
11.8 13.3 3.7 Wisconsin
12.8 13.5 4.7 Wisconsin

14.6 14.3 3.2 Wisconsin
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Figure 16

Hesperorthis n.sp. A. Regression line and 95 percent’
confidence intervals for the length-width dimensions for
the pedicle valve. The specimens are from localities A and
C; Unit 3C, upper 6 feet. All measurements are in milli-
meters.

Mean Length: 15.9, mean width: 18.6, initial growth

index (a): 1.6, growth ratio (b): 1.1.

Figure 17

Hesperorthis n.sp. A. Regression line and 95 percent
confidence intervals for length of shell-length of interarea
dimensions for the pedicle valve. Specimens are from local-
ities A and C; Unit 3C, upper 6 feet. All measurements are
in millimeters.

Mean length: 16.2, mean length of interarea: 5.1
(measurement taken along the median of the valve), initial

growth index (a): 0.9, growth ratio (b): 0.3.
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Length Width Length of Interarea Locality
16.0 17.9 4.7 Wisconsin
16.3 16.8 5.7 Wisconsin
16.4 18.0 4.9 Illinois
17.5 18.5 6.1 I1linois
18.0 22.3 7.4 Wisconsin
19.9 20.0 6.2 Wisconsin
21.2 24.8 5.3 Wisconsin

Wang (1949) did not report any species of the genus Hesperorthis
from the Maquoketa Formation of Iowa. Howe (1966a) described a new
species, H. kirki, from the Cincinnatian rocks of the Montoya Group of
West Texas and New Mexico. The type specimens of Howe's Montoya sﬁecies
were studied by the writer. H. kirki Howe is characterized by its large
size, most specimens reaching widths between 30-40mm. This is much
larger than the widths attained by the Viola species, (See Figure 16.)

Distribution and Material: This species is represented by
numerous specimens; none articulated. It is confined to the upver 6
feet of the formation at localities A, B, C, and D (Unit 3C). However,
at localities G, I, and R it is confined to a 5-10 foot zone, 40-60 feet
below the top of the formation (Unit 3CM). More than 50 individual

valves were studied.

Hesperorthis sp. B
Plate IX, fig. 11

Description: This species is of moderate size for the genus,

measuring 13.0mm. in width and 9.2mm. in length. The dorsal outline is
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circular with the cardinal extremities obtusely rounded and the lateral
and anterior margins evenly rounded; both at about the same magnitude.
The lateral commissure is rectimarginate and the anterior commissure is
weakly sulcate. A sulcus is present on the brachial valve beginning at
the beak and expanding and slightly increasing in depth anteriorly.
The surface is costate with 6 costae in a 5mm. space at the anterior
margin of a specimen measuring 9.0mm. in length.

The brachial interarea is plane and anacline. The
notothyrium is open with a thin blade-like cardinal process extending
the full length of the cavity. The brachiophores are prominent and
pointed; not supported from beneath by much shell material. The sockets
are poorly developed. The median septum is short with adductor scars
poorly defined on each side. The internal margins of the valve are
grooved. These internal grooves extend posteriorly a distance of about
2.7-2.9mm.

Discussion: H. crinerensis from the Bromide Formation (Criner

Hills, Oklahoma) is the same size as this form, but it has a more acute
cardinal angle and a longer median septum. This Viola species is also
similar to H. matutina from the Tulip Creek Formation of Oklahoma. Both
have about the same dimensions and number and shape of the costae.

Hesperorthis n.sp. A differs from this species by having a
larger and thicker shell, more numerous well-developed costae, and prom-
inent, widely divergent brachiophores. (Compare Figure 10c, Plate V,
with Figure 1lc, Plate IX.)

Distribution and Material: Only two brachial valves were

found. Since no pedicle valves are available a specific designation
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is questionable. This species occurs in the lower 50 feet (Unit 1C)

at localities D and L,

Genus Glyptorthis Foerste, 1914
Glyptorthis n.sp.
Plate II, figs. 10, 11

Description: The shell is subquadrate in outline with the
length about 2-3mm. shorter than the width. In younger shells the
greetest width is attained at the hinge line, but in mature specimens
the greatest width occurs at the middle or just anterior to the middle.
The hinge line is straight. The shell is equally biconvex; brachial
and pedicle valves showing about the same maximum thickness at all
growth stages. The cardinal extremities are obtuse in mature indivi-
duals, but in young shells tend to be acute or at right angles,
occasionally with a faint auricular appearance. The antero-lateral
margins are rounded; the anterior margin is straight with an emarginate
median.

The surface is multicostellate. There are from 7-9 costae
and costellae in a sgpace of 3mm. at a distance of 5mm. from the beak.
There are from 17-20 costae around the beak region. The first genera-
tion of costellae are added at approximately 3mm. from the beak,
although in a few shells bifrication occurs much closer to the beak.
The costae and costellae around the margin are poorly preserved in
most shells, however, a few marginal counts were obtained. These are

given in the table below (all measurements are in millimeters).




Length Marginal Count
8.4 46
12.5 66
17.4 77
18.5 83

The costae and costellae are narrow and vary in profile from almost
"V-shaped" with sharply rounded tops and straight sides to narrowly
rounded. There are numerous imbricated fila or growth lamellae present;
about 7-8 in a distance of Smm. At the point of intersection of the
fila and the costellae the fila project upward as small "spines." These
curved projections are open anteriorly. Growth lines are numerous and
appear to be coincident with the fila. OSome of these concentric lines
are more accentuated than others.

The pedicle valve is convex in lateral profile with the
maximum thickness directly over the hinge line or just anterior to it.
The greatest curvature is in the umbonal region., The middle is very
gently curved leading smoothly into a long gentle anterior slope. In
some specimens the slope anteriorly from the highest point is almost
straight. The anterior profile is evenly convex. A faint sulcus is
present in the anterior quarter of some shells, while in others no
undulations of any sort occur. In a few shells a slight fold appears
in this position. The beak varies from being suberect, to erect, to
slightly incurved., The interarea is curved, weakly apsacline, and
long. It is a little less than one-third the length of the shell.

(See Figure 23.) The delthyrium is triangular with the cavity moder-

ately deep. The width of the cavity at the level of the floor is about
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twice as wide as the delthyrial opening above. This is due to the
lateral slope of the dental plates and cavity walls. The muscle field
is cuenate in shape; about one-half of the field is confined under the
interarea and one-half is extended past the hinge line. The anterior
margin of the field is curved and irregularly elevated. The adductor
tracks are long, extending anteriorly as far as the diductors. The
diductors are divergent, trapazoid in shape, and crossed diagonally by
several low, rounded ridges. The adjustor scars are long narrow
grooves positioned at the base of the dental plates. Weak pallial
markings are visible in some shells. The vascula media project anter-
iorly and inward from the lateral margins of the adductor tracks. They
join in front of the muscle area and continue toward the anterior mar-
gin as a single track. The teeth are short, triangular, and stout.
They are situated a short distance from the delthyrial opening. The
dental plates are robust; extending straight down to the floor of the
valve. The inner anterior margin is crenulated.

The brachial valve is equally convex in lateral view. In some
specimens the curvature of the median portion tends to flatten out. The
highest point varies from being just posterior to the middle, to being
in the middle, to being just anterior to the middle. The anterior pro-
file is convex with steep lateral slopes. The postero-lateral areas
are concave. The sulcus begins at the beak and extends to the anterior
margin., The sulcus is well developed in all but a few shells, but in
these few it is still easily visible. In smaller specimens the width
of the sulcus at the anterior end is just a little less than one-half

the width of the shell. From a study of a growth series it can be seen
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that as the shell increases in size the shell width increases faster
than the sulcus width, so that in larger specimens the sulcus width is
only one-third as wide as the shell. The lateral lobes bounding the
sulcus are evenly rounded with the slope into the sulcus about the same
as the lateral slope of the shell. The beak is small, erect, and
slightly incurved. The interarea is curved, orthocline, and shorter
than in the pedicle valve. There is a moderately deep notothyrial cav-
ity.situated high above the floor of the valve. The cardinal process is
blade-1like, but moderately thick. In well-preserved specimens the
process extends the full length of the cavity, joining the curved pos-
terior region under the beak. Such a condition divides the cavity into
two equal parts. The median septum is slightly thicker than the cardinal
process and extends almost to the middle of the valve. The posterior
part of the septum thickens under the notothyrial cavity forming two
chambers beneath the floor. The brachiophores are thick and diverge at
about an angle of 70 degrees. The sockets are deep., Muscle impressions
are not present. The internal margins of the valve are crenulated.

Discussion: Glyptorthis insculpta Hall is the common
Cincinnatian species of this genus. There is one subspecies, G. insculpta

maquoketensis Ladd from the Maquoketa Shale of Iowa. One distinguishing

characteristic about the subspecies is that it is smaller. Measurements
made by Howe (1966a) show for G. insculpta a mean length of 17./mm. and
a mean width of 21.6mm. The subspecies G. insculpta maquoketensis shows
a mean length of 14.4mm. and a mean width of 16.6mm. The subspecies
also has a more subquadrate outline and a greater thickness relative

to the length. The scatter plots for the length-thickness dimensions
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shows them to be different. (These plots are not shown in this paper;
see Howe, 1966a, p. 243.)

G. pulchra Wang (from the Maquoketa Formation) was erected
and differentiated from G. insculpta maguoketensis Ladd primarily
because of its greater convexity. However, Howe (1966a) examined the
type specimens (the writer has examined these also) as well as fifty
additional specimens from the Maquoketa Shale of Iowa and found no
appreciable difference between the two forms.

This new species is easily differentiated from G. insculpta
Hall. The pedicle valve of Glyptorthis n.sp. has a different outline,
being more elongate and less subquadrate than G. insculpta Hall., A
statistical analysis of length-width values for G. insculpta Hall shows
a regression line of about the same slope as Glyptorthis n.sp., but
well outside of the 95 percent confidence interval. Because the sub-
species is even smaller its regression line is farther outside the
95 percent confidence interval. (The regression lines for G. insculpta
and its subspecies are not shown with that of Glyptorthis n.sp. in
Figure 21.) Also, Glyptorthis n.sp. has a relatively longer and almost
orthocline pedicle interarea. The pedicle interarea of G. insculpta
Hall is shorter and much more strongly apsacline in attitude. G. in-
sculpta Hall is also more coarsely costate than Glyptorthis n.sp. A
tabulation of the number of marginal costae and costellae relative to
the length is given below for G. insculpta Hall., These can be compared
with those values given in the formal description of Glyptorthis n.sp.

Al1]1 measurements are in millimeters.



82

Figure 18
Glyptorthis n.sp. Regression line and 95 percent
confidence intervals for the brachial valve. The specimens
are from locality A, Unit 3C, upver 6 feet, and locality C,
Unit 3C, upver 6 feet. All measurements are in millimeters.
Mean length: 11.7, mean thickness: 4.4, initial

growth index (a): -0.7, growth ratio (b): 0.4.

Figure 19

Glyptorthis n.sp. Regression line and 95 percent
confidence intervals for the pedicle valve. The specimens
are from localities A and C, Unit 3C, upver 6 feet. All
measurements are in millimeters.

Mean length: 13.4, mean thickness: 4.7, initial

growth index (a): 1.1, growth ratio (b): 0.3.
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Figure 22

Glyptorthis n.sp. Regression line and 95 percent
confidence interval for the brachial valves from
Locality A, Unit 3C, upper 6 feet. All measurements
are in millimeters.

margin: 6.3, initial growth index (a): 1.5, growth ratio

(b): 0.3.

Figure 23

Glyptorthis n.sp. Regression line and 95 percent
confidence interval for the pedicle valves from Locality
A, Unit 3C, upper 6 feet. The length of the interarea was
measured along the median. All measurements are in milli-
meters.

Mean length: 13.6, mean length of interarea: 3.8,

initial growth index (a): 0.0, growth ratio (b): 0.3.
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Length Number of Marginal Costae
11.5 46
13.3 54
14.8 60
15.4 68
18.4 71
18.5 70
19.5 78
20.8 88
20.9 80

Huffman (1958) reported G. pulchra Wang from the "Fernvale" in
northeastern Oklahoma. However, the collections made by the author from
the "Fernvale" in northeastern Oklahoma show that that species is the
same as the one described here from the upper Viola (Units 3C and 3CM).

Distribution and Material: This is a common species in the
Viola Formation. The writer collected and studied about 50-75 speci-
mens; none articulated.

This species is confined to the upper 6 feet of the formation
(Unit 3C) at localities A, B, C, and D. At localities G, I, and R

it occurs 40-60 feet below the top of the formation (Unit 3CM).
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Family Plaesiomyidae Schuchert, 1913
Genus Plaesiomys Hall and Clarke, 1892
Plaesiomys cf. P. subguadratus (Hall)
Plate VII, figs. 1 and 2

Orthis Subgquadrata Hall, 1847, p. 126, P1. 32A, figs. la-o;

Meek 1873, pp. 94-96, P1. 9, figs. 2b-g.
Plsesiomys subquadrata (Hall) Hall and Clarke, 1892, p. 196,
197, P1. 5A, figs. 17-19; Cooper, 1944, p. 298, P1l. 111, figs. 54-58.

Orthis (Dinorthis) subgquadrata Hall, Winchell and Schuchert,

1895, po 428, Pl- 32, figS. 46"50.
Dinorthis (Plaesiomys) subquadrata (Hall), Schuchert and
Cooper, 1932, P1. 10, figs. 15, 17, 18, 24-26.

Plaesiomys subguadratus Ross, 1959, Pl. 55, figs. 1, 6, 12,

14, 15, 18, 19, 23.

Description: The shell is rectangular to subquadrate in
outline. The hinge line is straight and a little less than the widest
part, which occurs just posterior to the middle. The cardinal angles
are obtusely rounded with the lateral margins very gently curved. The
anterior margin is straight. In lateral profile the shell is unequally
biconvex with the brachial valve the deeper. The thickest part of the
shell is in the middle. The lateral commissure is rectimarginate. The
surface is multicostellate with 75 costae occurring around the margin
of a specimen 17.5mm. in length. At a distance of 10mm. from the beak
there are 9-10 costae and costellae in a space of 5mm. The interspaces
between the costae are about the same width as the costae, but some are

smaller.
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The pedicle beak is small and suberect. The interarea is
slightly curved, longer than in the brachial valve, and strongly
apsacline to catacline. The delthyrium is open, and triangular at
about 90 degrees. The teeth are stout with rounded extremities. The
dental plates are thick, slightly advancing. The anterior extremities
are jolned to the slightly raised lateral margins of the muscle field.
The individual muscle scars are not pronounced, but as a group they
appear to be of the plaesiomid type. The interior margins of the
valve are crenulaﬁea forming a band about 3mm. wide around the lateral
and anterior margins.

Only a small portion of the brachial interior was observed.
The cardinal process is stout; the myophore is crenulated and centrally
cleft (see Plate VII, figure 2). The brachiophores are divergent with
the extremities pointed, thinned, and curved slightly inward.

Discussion: Plaesiomys cf. P. subquadratus is represented by
only a few specimens. However, this species is in a critical part of
the section (the upper 10 feet of Unit 2, localities B and C) in rocks
which are informally called the "transitional zone." It occurs just
below the rocks referred to by previous workers as the "Fernvale"
(Unit 3C of this paper; see Figure 12 for its stratigraphic position).
It is one of the few identifiable brachiopods from this interval.

The specimens of P. subquadratus (Hall) in the United States
National Museum show variations in several characters. The shape and
size of the shell, and the ornamentation (particularly in the number of

costae and costellae) are characters which show the most variation. In
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addition, there is much variation in the shape and prominence of the
pedicle muscle field.

Howe (1966a) determined that for representative samples of
P. subguadratus from the Ohio Valley the number of marginal costae range
from 61 to 104 with the mean being 81. The one pedicle valve described
here from the upper part of Unit 2 has 75 marginal costae.

The single partial brachial valve from the upper part of
Unit 2 shows a central groove along the myophore. 4 study of numerous
brachial valves from the United States National Museum collections

showed that a cleft myophore is absent more often that it is present.

These data are given below.

Total Mumber of Number Showing

Locality ' "Formation® Brachial Valves Grooved Myophore
Moores Hill, Ind. Waynesville 1 1
Richmond, Ind. Richmond 7 1
Oregonia, Ind. Richmond 1 0
Butler Co., Ohio Richmond 2 0
Clarksville, Ohio Richmond 3 1

Distribution and Material: The specimens upon which the
description is based occur 85 feet from the top of the formation (Unit
2) at Locality C. Fragments of specimens which the writer referred to
this species also occur in the upver 10 feet of Unit 2 at localities B
and L.

There is one pedicle valve showing the external and internal
morphology, one brachial valve showing only the exterior, and a partial

brachial valve showing the cardinalia.
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Plaesiomys subquadratus (Hall)

Plate V, figs. 6-8

Description: The shape is subquadrate to subelliptical. The
hinge line is straight and shorter than the greatest width which is at
about the middle. The cardinal extremities are obtusely rounded. The
lateral margins are broadly rounded, but the anterior margin is almost
straight. The sulcus is weak in the umbonal region, but becomes wider
and better developed anteriorly. In lateral profile the shell is plano-
convex. The brachial valve is evenly convex with the posterior slope
steeper than the longer anterior slope. The lateral commissure is
rectimarginate and the anterior commissure faintly sulcate. The sur-
face is multicostellate; 13 in a space of 10mm. at a distance 15mm.
from the beak.

The brachial interarea is short and slightly anacline. The
notothyrial platform is elevated. The cardinal process is elevated
above the level of the interarea. It is "pitted" or crenulated along
the posterior half. The brachiophores are strong and divergent. The
sockets are deep.

The pedicle valve is almost flat with the lateral and anterior
margins deflected in the dorsal direction. Growth lines are strong in
this deflected portion. The hinge line is straight and about three-
fourths as wide as the widest part of the valve. The interarea is
moderately long (about 3mm.) and apsacline. The delthyrial opening is
triangular and the cavity is moderately deep. The brachiophores are
short and rounded. The muscle field is large (in a specimen measuring

29mm. in width, 22.5mm. in length, the muscle field is 12mm. wide at
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the widest part) and extends to the middle of the valve. The anterior
margin of the field is sinuous with a median reentrant about one-fourth
the length of the field. The diductor scars are divergent. The adduc-
tor scars are elongated; located in the middle anterior of the field
just posterior to the median reentrant. The adjustor scars are a little
larger than the adductors and situated between the cavity walls and the
diductor scars. The internal margins are crenulated.

Discussion: Meek (1873) gave a detailed description of Orthis
subquadratus Hall from the Ohio Valley. He comments (1873, p. 95):

. + . striae of ventral valve nearly always increasing by
bifrication (some of them dividing two or three times); while
those of the dorsal valve generally increase by the intercalation
of shorter ones between longer.
Hall (1843) in the original description, did not observe such a differ-
ence in costellae addition. Howe (1966a) reported that out of about 30
specimens from the Aleman Limestone four showed this method of costellae
addition. The single pedicle valve from the Viola Formation (Unit 3C)
has this pattern of costellae increase.

A study of the figured hypotype of Wang (1949) shows that
there are more third generation costellae than there are in the brachial
valve of the Viola specimen.

Distribution and Material: Specimens confidently referred to
this species are found at Locality I, 40-60 feet below the top of the
formation (Unit 3CM). There are only a few complete and partial speci-
mens from this locality. This species is rare in the Viola Formation.
However, in northeastern Oklahoma ("Fernvale" (Cape) Limestone) this

species 1s common.
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Plaesiomys proavita (Winchell and Schuchert), 1892
Plate V, figs. 1-5
Orthis proavita Winchell and Schuchert, 1892, Am. Geol., vol.
9, p. 290.
Plaesiomys proavita (Winchell and Schuchert), Wang, 1949,
p. 2, P1. 2, figs. E.

Plaesiomys planus Wang, 1949, p. 6, P1. 3, figs. C.

Description: The shell is subquadrate with the length shorter
than the width at all growth stages. The hinge line is straight and
shorter than the greatest width which is at about the middle of the
shell. The lateral margins are broadly rounded and the anterior margin
almost straight, sometimes emarginate. The surface is multicostellate.
The costae and costellae are "V-shaped" in profile with the tops sharply
rounded. There are about 6 costae and costellae in a space of 5mm. at
a distance of 10mm. from the beak. The number of costae and costellae
around the margin ranges from 37-54 depending, in some cases, on the
size of the shell. The arithmetic mean is 44 marginal costae and cos-
tellae. The interspaces are about as wide as the costae.

The pedicle valve is almost flat. In lateral profile the slope
from the umbo toward the anterior is gentle. An inconspicuous fold
begins at the umbo and expands anteriorly. The fold is formed by 3-4
slightly elevated costae. The beak is small and suberect. The inter-
area is narrow, curved, and apsacline. The teeth are short and divergent.
The dental plates are advancing. The adductor scars are small, lanceolate

in shape, and impressed deeper than the diductors so as to form a "pit"
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in the center of the muscle field. The diductor scars are large and
narrow, expanding slightly anteriorly. In most individuals the adjustor
scars are elongate concavities at the base of the dental plates. The
internal margins of the shell are crenulated with each crenulation
bearing a faint, narrow groove.

The brachial valve is evenly- convex with the highest point
just posterior to the middle. The anterior slope is gentler than the
posterior. The sulcus is shallow, beginning at the beak and expanding
slightly toward the anterior margin. The sulcus is occupied by 3-4
costae. The interarea is orthocline to slightly anacline and shorter
than in the pedicle valve. The notothyrial cavity is shallow; elevated
above the floor. The cardinal process is strong; elevated well above
the plane of the interarea. The myophore is crenulated. The brachio-
phores are strong and divergent with the extremities pointed and thin.
The abrupt thinness of the brachiophore extremities is due to the small
concavities on the exterior face at the tip of each brachiophore. The
brachiophores are supvorted by thickened shell material. There is a
shallow ridge on the top and along the entire length of each brachio-
phore. These ridges bound the notothyrial cavity. Small "socket-like"
concavities occur on the inner face of the brachiophores. The hinge
sockets are large and deep. The median septum is thick, short, thin-
ning anteriorly. The adductor impressions are quadrate in shape with
the anterior pair a little larger than the posterior pair.

Discussion: In regard to the number of marginal costae and
costellae this species shows a modal class of 43-44, a median of 44, and

an arithmetic mean of 44. Figure 24 is a plot of the shell width against
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Figure 24

Plaesiomys proavita. Scatter diagram showing the

relationship between the size of the shell and the number
of marginal costae in specimens confidently referred to

Plaesiomys proavita and specimens questionably referred to

E; planus. For a more detailed explanation of the relation-
ship of these two species see the discussion in the paleon-
tological section under Plaesiomys proavita. The specimens

are from localities A and C, Unit 3C, upper 6 feet.

Figure 25

Plaesiomys proavita. The regression lines and 95 percent
confidence intervals for specimens of P. proavita and specimens
questionably referred to P. planus. All specimens are from
the upper 6 feet of the Viola Formation; localities A and C,
Unit 3C, upper 6 feet.

P. proavita: mean length: 15.3, mean width: 19.8, initial

growth index (a): 3.6, growth ratio (b): 1.0,
P. planus ?: mean length: 15.7, mean width: 19.8, initial

growth index (a): -1.9, growth ratio (b): 1.4.
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the number of marginal costae. The diagram clearly shows that for this
species the bifrication of costae and costellae is not in all instances
a direct function of growth. There are about an equal number of small
shells having many costae as there are large shells having few costae.
The number of costae increases by bifrication as growth continues, but
the frequency of bifrication depends on the individual.

Wang (1949) described P. proavita (Winchell and Schuchert) as
being characterized by strong mesial costae. However, in order to use
such a criterion to characterize a species it would be essential to make
statistical studies of a large number of specimens in order to determine
its consistency. Wang (1949) did not report the number of individuals
in which this character exists. Thus, it is difficult to evaluate the
reliability of this character as far as its usefulness in differentia-
ting the species.

The mesial costae in the Viola specimens bifricate, but do so
very close to the beak. Only one specimen from the Viola clearly shows
the mesial costae extending unbifricated from the beak to the anterior
margin,

The basic costation pattern is one in which the 10-12 costae
in the middle of the valve originate at or very close to the beak. These
extend essentially unbifricated to the anterior margin of the shell.
However, in well-preserved specimens early bifrication (near beak) of
these mesial costae can be detected. Most bifrication occurs in the
postero-lateral regions of the shell, and is almost always directed away

from the median. Occasionally costae branch toward the median.
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It is difficult to separate this species from P. planus Wang.
One reportedly diagnostic feature about P. planus Wang is a groove on
each side of the notothyrial platform which sets off the brachiophores.
Internally, this seems to be the only way to separate the brachial
valves of the two species. There are some specimens from the Viola
Formation that have brachiophores which are clearly set off from the
notothyrial platform by grooves (see figures 2b and 2e of Plate V). How-
ever, relying on this feature as a means of differentiation leads to
uncertainty because there are specimens that have well-defined grooves,
some with poorly defined grooves, and some with no grooves at all. P.
planus Wang is also described as being characterized by the deep impres-
sions of the pedicle adductor scars. Again there are some specimens from
the Viola Formation that show this feature. However, a population of
shells, all from the same locality and stratigraphic horizon, shows that
the depth of impression is of varying magnitude. Thus, it is also dif-
ficult to separate species as being P. planus or P. proavita on the
basis of the depth of the adductor muscle impressions.

In the Viola Formation there are shells occurring in the same
12 inch bed which possibly can be referred to these two species. This
close association makes it very likely that they were members of the
same biological population. Wang (1949) reported P. proavita from the
Upper Elgin Member of the Maquoketa Formation in Springfield Township,
and P. planus from the Upper Elgin Member in Orleans Township. From
this information it seems that these two species are from the same stra-
tigraphic herizon and are only geographically separated. The evidence

from the Viola collections indicates that both could be members of the
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same species. Because of this the author has preferred to assign all
the specimens to the older species, P. oroavita, rather than to P.
planus.

For purposes of comparison the author has designated as P.
planus all those specimens that show either a deeply impressed adductor
region in the pedicle valve, or well-developed grooves on the nothyrial
platform. Using this differentiating technique the overlap in other
characters (length, width, thickness, number of marginal costae and
costellae) can be depicted. This overlap is shown in Figures 24, 25,
and 26,

Distribution and Material: This is a fairly common species
(40-50 specimens were collected and studied; most are dis-articulated,
there is one articulafed specimen). The species is restricted to the
upper 6 feet of the formation at localities A, C, and D (shelf province).
However, at localities G, I, and R (basin province) the species occurs
40-60 feet below the top of the formation. (See Figure 12.) P. pro-
avita also occurs in the "Fernvale" (Cape) Limestone in northeastern

Oklahoma.

Plaesiomys bellistriatus Wang, 1949
Plate III, figs. 6 and 7

Dinorthis subquadrata (Hall), Bassler, 1932, Pl. 24, fig. 14

Plaesiomys bellistriatus Wang, 1949, p. 7, P1. 3, figs. D.
H. J. Howe, 1966a, p. 245, P1. 29, figs. 13, 15, 16, 17, 18.

Degcription: This species is large (36.5mm. in width, 32.0mm.

in length). It is subquadrate in outline with the length slightly
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Figure 26

The regression lines and 95 percent confidence
intervals for specimens confidently referred to Plaesiomys
proavita and specimens questionably referred to P. planus.
For a more detailed explanation as to how these two species
were differentiated see the discussion of P. proavita in the
paleontological section. The specimens are from the upper 6
feet of Unit 3C at localities A and C. All measurements
are in millimeters.

Plaesiomys proavita: mean width: 18.8, mean thickness:

4.2, initial growth index (a): -2.6, growth ratio (b): 0.4.
Plaesiomys planus ?: mean width: 20.1, mean thickness:

4.2, initial growth index (a): -0.7, growth ratio (b): 0.2.
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shorter than the width. The hinge line is straight and two-thirds as
wide as the maximum width. The cardinal extremities are at right angles
and very sharply rounded. The lateral margins are broadly rounded while
the anterior margin is straight and emarginate near the middle. The
surface is multicostellate with about 150 costae and costellae around
the margin of the largest individual (length: 32.0mm., width: 36.5mm.).

The pedicle valve is plane to very slightly convex with a
narrow, slightly elevated fold extending from the beak to the anterior
margin., The fold expands very little in an anterior direction and in
most shells maintains about the same width throughout its extent. The
umbonal region is swollen and the beak is extended past the interarea in
a nearly straight position. The interarea is short and apsacline. The
delthyrium is open and widely triangular with some secondary shell
material added around the anterior margins tending to reduce the angle
of opening. This condition is found in only one large specimen and is
probably an old-age feature. The teeth are large, thick, and supported
by massive, advancing dental plates. Crural fossettes are poorly devel-
oped, although a low subtle ridge is present in a few individuals. The
delthyrial cavity is deep, and because of the lateral slope of the
cavity walls it is much wider across the floor than across the opening.
The muscle field is large (about 17.0mm. long and 17.0mm. wide), extend-
ing about half the length of the valve. (See figure 6b of Plate III.)
It is essentially subquadrate in outline with the anterior margin emar-
ginate. 1In the larger shells the muscle field is well defined due to
the increase in shell material around the margins. The adductor track

is obscure in most shells, and in the largest specimen is represented
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only by a low elongate elevation along the middle of the field. It is
narrow and does not widen toward the anterior. The diductor scars are
the largest in the field. They are divergent and expand anteriorly.
The adjustor scars are large; almost as large as the diductors. They
are widely divergent and expand in an antero-lateral direction. These
scars are well embedded, positioned between the diductors and the dental
plates. The adjustor scars are divisible into three parts, particularly
in the anterior portion of the field. In addition, the scars are grooved
and show a more roughened surface than the diductors. The extreme mar-
gins of the shell are crenulated, with each crenulation the same size
as the surface costae. The width of this corrugated band is only 2mm.

In lateral profile the brachial valve is convex with the highest
point in the middle. The degree of curvature from posterior to anterior
remains about the same. There is a broad shallow sulcus which is first
perceptible just posterior to the middle. It expands slightly and
becomes deeper anteriorly. The postero-lateral regions are weakly con-
cave due to the upturned nature of the cardinal extremities. The inter-
area is short and orthocline. The margins of the notothyrium form an
angle of about 80 degrees. The floor of the notothyrial cavity is
highly elevated and almost completely occupied by a robust cardinal
process. The process is curved in a postero-ventral direction. 'The
highest and widest point of the process is in the middle of the cavity
at which position it is above the level of the interarea. The junction
of the shaft and myophore is also at this position. The myophore is
grooved throughout. (See figs, 7f, P1. III.) Prom its highest point

it thins rapidly toward the posterior of the notothyrial cavity. (See
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Pl. III, figs. 7e and 7f.) The shaft is rounded and thick; at its
thickest point almost as wide as the cavity. The brachiophores are
stout and divergent; supported laterally by additional shell material.
The sockets are large and deep. The median septum is thick immediately
below the cavity floor, but flattens and disappears in a short distance.
There were no muscle scars observed. A narrow rounded ridge, about
2-3mm. wide, extends ar?und the lateral and anterior margins of the
shell. Lying just outside this ridge and exactly at the edge of the
shell is a thin band of corrugations; the same as in the pedicle valve.
(See P1. III, fig. 7b.)

Discussion: Plaesiomys bellistriatus provides important
biostratigraphic information. It oceurs in the Aleman Limestone of
West Texas and New Mexico and also in the Brainard Member of the
Maquoketa Formation of Iowa. The occurrence of this species in Unit 2
of the Viola Formation at Locality G, 60-75 feet below the top of the
formation, suggests a Cincinnatian and not a Trentonian age for the
upper part of Unit 2.

Wang (1949), in erecting this species did not describe figure
specimens showing interiors. Howe (1966a) reported the occurrence of
this species from the Montoya Group, but gave no information on the
character of the internal features.

Distribution and Material: This species is not very abundant
in the Viola Formation of the Arbuckle Mountains. It has been found at
Locality G, 60-75 feet below the top of the formation (Unit 2). It also

occurs at Locality I, 50-60 feet below the top of the Viola Formation
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(Unit 3CM). P. bellistriatus seems to occur in slightly greater numbers

in the "Fernvale" (Cape) Limestone in northeastern Oklahoma.
There is one complete brachial valve, one complete pedicle
valve, and several partial valves. The description above is based on

only this small collection.

Genus Austinella Foerste, 1909
Austinella n.sp.

Plate II, figs. 1-9

Description: The shell is large (see Figure 27 for length and
width dimensions) and subquadrate in outline. The largest specimen
attains a width of almost 35mm. In most specimens the cardinal margins
are obtuse or at right angles. The antero-lateral margins are gently
rounded with the anterior margin broadly rounded. In lateral profile
the shell is unequally biconvex with the pedicle valve more convex than
the brachial (on the average the pedicle valve measures 1-2mm. more in
thickness). The lateral commissure is rectimarginate and the anterior
commissure is gently sulcate. The hinge line is straight. The widest
part of the shell is at the middle or just posterior to the middle.

The surface is multicostellate, There are seven costae and costellae
in a space of 2mm, at a distance of 6.5mm. from the beak. The number
of costae and costellae around the margins varies with the shell size.
The first generation of costellae arise within 2-3mm. of the umbo.
Strong growth lines are rare and in a few specimens growth lines are

completely absent.
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Figure 27

Austinella n.sp. Regression line and 95 percent
confidence interval for the width-length dimensions for the
brachial valves from Locality A, Unit 3C, upper 6 feet.
The width measurements were taken as maximum widths which
in almost all specimens were about equal to the hinge line
widths. The dashed line represents the growth pattern taken
from one specimen of A. kankakensis (McChesney) figured by
Wang (1949) as figure B on Plate 2. The three length-width
values were taken from the three well-defined growth lines
on the specimens, The width measurements were taken along
the hinge line.

Mean width: 23.1, mean length: 18.4, initial growth

index (a): -0.1, growth ratio (b): 0.8.

Figure 28

Austinella n.sp. Regression line and 95 percent
confidence interval for the length of shell-length of inter-
area dimensions for the pedicle valves from Locality A, Unit
3C, upper 6 feet. All measurements are in millimeters.

Mean length: 20.5, mean length of interarea: 3.6,

initial growth index (a): 0.9, growth ratio (b): 0.2.
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Length (mm.) Width (mm,) _Number of Marginal Costae
17.7 23.8 64
12.2 16.9 63
29.3 35.3 97
R4 il 28.6 75

The dorsal valve is very evenly convex with the highest point
just posterior to the middle. A shallow sulcus is present immediately
anterior to the beak and remains weak as it extends toward the anterior
margin. The interarea is short, slightly curved, and anacline. The
notothyrial cavity is shallow and raised above the floor of the valve.
The cardinal process is stout and about half as thick as the median
septum. A blade-like extension connects the process to the posterior
of the cavity. In some specimens faint crenulations are visible along
the myophore. The brachiophores are sharp, long, and triangular in
shape with the extremities pointed. There is a slight groove or
elongated concavity along the inner face of each brachiophore. The
posterior adductor scars are elevated slightly above the level of the
anterior scars. On each posterior scar there are two faint ridges
which extend anteriorly to about the middle of the scar. The posterior
scars are a little larger than the antefgbr ones. The muscle field is
about one-third the length of the shell. (See Plate II, fig. 2b.) A
thick median ridge extends anteriorly the full length of the muscle
field. Along the anterior top of the septum there is a small secondary
keel-like ridge. (See Plate II, figs. 9b and 2¢,) The dental sockets

are triangular and small.
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- The pedicie valve is evenly convex in lateral profile., (See
Plate II, fig. 5d.) The interarea is curved and apscaline; longer than
in the brachial valve. The delthyrial opeﬁing is triangular and the
cavity deep. The dental plates are strong and advancing. The teeth
are small. The muscle field is triangular in shape and deeply impressed.
The field is bounded by thick shell deposits causing it to be elgya?ed
around the anterior and lateral margins. This additional shell material
joins and is continuous with the forward projection of the déntal plates.
The adductor track is elongated and expands anteriorly. The diductor
scars are elongate and divergent. In younger specimens the diductor
tracks extend farther anteriorly than the adductors, thereby giving the
anterior margin of the muscle field a concave appearance. In older
shells, however, the adductor tracks extend as far as the diductors
giving a sinuous pattern to the anterior margin of the field., Plate II,
figures 5a, 6a, 7a, and 8a show the variation in the shape of the ped-
icle muscle field.

Discussion: The specimens from the Viola Formation compare
most closely to Austinella kankakensis (McChesney) from the Maquoketa
Formation of Iowa. The Viola species differs from A. kankakensis pri-
marily by having a greater number of costae and costellae. However, the
greater overall size, the different growth pattern, and the lack of
strong, numerous growth lines in Austinella n.sp. are features which
mey or may not be distinctive in differentiating the species.

The figured hypotype of Wang (1949) has & meximum size
approaching that of the average Viola species. Figure 27 shows the

length-width data for a group of specimens from Locality A. Figure 33
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shows that the largest specimens of Austinella n.sp. are slightly
larger than A. kankakensis and A. whitfieldi, although there is over-
lap.

By studying the growth lines on the figured hypotype of Wang
(1949) it appears that growth laterally along the hinge lines ceased
when the shell length reached approximately 15.5mm. Growth continued,
however, in the anterior, antero-lateral, and postero-lateral directions,
although at decreasing rates from the anterior to the postero-lateral
regions. Such a growth pattern gives the lateral margins a rounded
appearance when viewed dorsally., However, many of the specimens in the
United States National Museum do not show this growth pattern, but rather
one similﬁr to Austinella n.sp.

Strong growth lines, particularly in the larger individuals,
are found in many specimens of A. kankakensis. Wang (1949) character-
ized A. kankakensis by these growth lines, but the taxonomic value of
such a feature is doubtful. The shells of Austinella n.sp. seldom have
growth lines and none are developed to the extent that they are in A.
kankakensis.

The only difference between A. kankakensis (McChesney) and A.
whitfieldi(Winchell) is reported to be the more numerous costae in the
former. Although the majority of the specimens from the Viola compare
more favorably with A. kankakensis, there are shells which show a grada-
tion from smaller, more numerous costae resembling A. kankakénsis, to
fewer, more widely-spaced costae resembling A. whitfieldi. Plate II,
figures la, 2a, 3a, and 4a show the variation in the costation of

Austinella n.sp.
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Austinella n.sp. is set apart from all others previously
described primarily because of its finer, more numerous costae and
costellae. Figure 33 shows the relationship between the number of

marginal costae and the size of the valve of A. kankakensis, A. whit-

fieldi, Austinells n.sp. (from the Viola Formation, Arbuckle Mountains),
and Austinella n.sp. (from the "Fernvale" (Cape) Limestone in north-
eastern Oklahoma). This figure is not definitive in itself for it only
shows that the larger shells have more costae and costellae. A better
comparison is given by the table below. This table gives the number of
costae and costellae occurring throughout the first five segments of the
right half of the brachial valve of A. kankakensis and Austinella n.sp.
(A segment is defined (Bancroft, 1928) as all those costae related to

a primary costae. A primary costae~is one that originates at the beak.
Therefore, a segment is composed of all those costae which branch from
the primary costae as well as all those costae which arise from these
initial and subsequent branches.) In the following table all the counts

were made at a distance of 6.5 mm. from the beak.

Austinella kankakensis Austinella n.sp.
10 11
10 12
11 15
12 15
12 15
12 15

12 17
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Austinella kankakensis Austinells n,.sp.
12 17
13 18
13 18
13 18
13 18
15 19
17 19
~ 19
- 19
- 20
- 20
- 20

Distribution and Material: This species is confined to the

upper 6 feet of the Viola Formation at localities 4, C, D, and L
(Unit 3C), At sections I and R it occurs 40-60 feet below éhe top of
the formation (Unit 3CM).

This is one of the most common species in the Viola Formation.
More than 100 individual valves were collected and studied. No articu-
lated specimens were found.

Austinella n.sp. occurs in large numbers in the "Fernvale"
(Cape) Limestone in northeast Oklahoma. The writer studied many speci-
mens of this species from northeast Oklahoma and found them to be.

identical to the ones in the Arbuckle Mountains.
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Figure 29

Austinells n.sp. The regression line and 95 percent
confidence interval for the length of shell-length of
interarea dimensions for the brachial valves from Local-
ity A, Unit 3C, upper 6 feet. All measurements are in
millimeters.

Mean length: 18.1, mean length of interarea: 2.2,

initial growth index (a): 0.4, growth ratio (b): 0.1.

Figure 30

Austinella n.sp. The regression line and 95 percent
confidence interval for the length of shell-length of muscle
area dimensions for the pedicle valves from Locality 4,
Unit 3C, upper 6 feet. All measurements are in millimeters.

Mean length: 22.6, mean length of muscle area: 8.7,

initial growth index (a) -0.8, growth ratio (b): 0.4.
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Figure 31

Austinella n.sp. The regression line and the 95
percent confidence interval for the length-thickness
dimensions for the brachial valves from Locality 4,
Unit 3C, upper 6 feet. All measurements are in
millimeters.

Mean length: 18.0, mean thickness: 3.6, initial

growth index (a): -0.3, growth ratio (b): 0.2.

Figure 32

Austinella n.sp. The regression line and the 95
percent confidence interval for the length-thickness for
the pedicle valves from Locality A, unit 3C, upper 6 feet.
A1l measurments are in millimeters.

Mean length: 20.7, mean thickness: 5.9, initial growth

index (a): 0.5, growth ratio (b): 0.3.
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Figure 33

Scatter diagram showing the relationship between
the number of marginal costae and the size of the shell
(expressed in terms of the length of the brachial valve)
for specimens of Austinells n.sp., A. whitfieldi, and A.
kankakensis. Although there is a slight overlap the
specimens of Austinella n.sp. attain a larger size than
the other species. See the discussion of this new species
in the paleontological section for a more detailed explana-
tion of its characteristic features.

The length of the brachial valve is expressed in

millimeters.
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Genus Dinorthis Hall and Clarke, 1892
Dinorthis pectinella (Emmons), 1842
Plate VIII, fig. 17

Orthis pectinella Fmmons, 1842, p. 394, fig. 2 [fide, R. S.

Bassler, 1915, p. 444].

Dinorthis pectinella (Emmons), Hall and Clarke, 1892, p. 195,

pl. 5, figs. 27-33.

Description: The shell is moderate in size and almost circular:
in outline (dimensions are given below). The hinge line is straight and
shorter than the width of the shell. The cardinal extremities are
rounded. The curvature of the lateral and anterior margins is of about
the same magnitude., Both the lateral and anterior commissures are recti-
marginate. In lateral profile the brachial valve has an even curvature
from posterior to anterior. The surface is paucicostate. At 10mm,
from the beak there are about four costae in a space of 5mm. The costae
are low with broadly rounded tops. In one specimen the interspaces
between the costae are about the same width as the costae. In another
specimen these interspaces, particularly around the shell margin, are
twice as wide as the costae. In profile, the costae and interspaces form
a smooth sinumous curve.

The brachial interarea is short, plane, and orthocline. The
cardinal process is a rounded knob which does not protrude much above
the level of the interarea. The cardinal process is separated from the
interarea by concavities. The brachiophores are short and rounded;

joined to the floor of the valve by thick shell deposits. A low median
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septum exténds anteriorly from just below the cardinal process to about
one-fourth the valve length. No muscle scars were observed. The
anterior and latersl margins of the valve are crenulated.
Discussion: There were only two brachial valves well enough

preserved for study. Their measurements are given below.

Length Width Thickness Hinge Line lNo. of Marginal
Width Costae

18.0mm. 1902Ium. - - 20

20./mm. 21.8mm. 6.8mm. 12.5mm. 25

The only observable difference between these Viola specimens
and those from the Ion Member of the Decorah Formation of Minnesota
(United States National Museum collection) is in the dorsal outline.
The Viola specimens are more circular because of the obtusely rounded
cardinal extremities. Although some of the Decorah specimens have
rounded cardinal extremities most are more subquadrate in dorsal out-
line. The data given below are for specimens from the Ion Member of
the Decorah Formation of Minnesota, south edge of Cannon Falls (United

States National Museum collection).

Hinge Line Number of
Length _Width Width Marginal Costae
8.8mm, 11.0mm. 6.9mm. 22
9.8mm, 9.6mm. 6.3mm. 19
10, lmm. 12.8mm., 9.0mm. 21
11.5mm. 13.9mm. 14.2mm. 21

11.5mm. 13.8mm. 9,8mm. 24
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Hinge Line Number of
Length _Width Width Marginal Costae
11.8mm. 14, .6mm. 11.0mm. 25
13.0mm, 15.0mm. 9.4mn, 24
14, 1mm. 16, 4mm. 13.5mm, 25
15.2mm. 18.9mm. 14.4mm. 24
15.4mm, 17.0mm. 12, lmm. 22
16,0mm. 20.0mm, 11.4mm. 25
17 .0mm. 20,0mm. 11.9mm. 2/,
17.5mm. 20.8mm. 14.8mm, 20
17.8mm. 20, 6mm., 12 ,0mm. 20
18.2mm. 22.,0mm. 16.6mm. 18

Distribution and Materisl: This species is found only at
Locality D, 120-160 feet above the base of the formation (Unit 2).

This species is fairly common in Unit 2 at Locality D. About
15-20 valves and partial valves were collected. All of the specimens
had to be cracked out of the rock and cleaned with a needle and vibra-

tool. No pedicle valves were found.

Dinorthis ef. D. transversa Willard, 1928

Plate VIII, figs. 6, 7, and 8

Dinorthis transversa Willard, 1928, p. 271, pl. 2, figs. 1, 2,

and 6 [fide G. A. Cooper, 1956, p. 398].

Description: This species is subeircular in outline with the

hinge line straight and just about the widest part of the shell. The
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cardinal extremities are at right angles. The lateral and antero-lateral
margins form a gentle smooth curve leading into a more gently curved or
straight anterior margin. In lateral profile the shell is unequally
biconvex, almost plane-convex with the thickest part occurring just
posterior to the middle. There is a broad shallow sulcus along the
median anterior two-thirds of the pedicle valve. The lateral commissure
is rectimarginate to weakly sulcate. The anterior commissure is broadly
uniplicate, although there is no fold as well defined in the brachial
valve as there is a sulcus in the pedicle valve. The surface is multi-
costellate with about 18-20 costae around the beak in a specimen meas-
uring 15.5mm. in length and 21.3mm. in width. In profile the costae and
costellae have evenly rounded tops and sides. At a distance of 5mm.
from the beak there are three costae in a space of 2mm.

The pedicle interarea is plane, about three times as long as
the brachial interarea, strongly apsacline to almost catacline. The
delthyrium is triangular and open. The cavity is shallow and even with
the floor of the valve. The teeth are short with rounded extremities.
The dental plates are thin, divergent, and receding. They join with the
posterior part of the margins of the muscle field. The muscle field is
cordate in shape with a slightly elevated ridge extending down the middle
from posterior to anterior. The lateral margins of the field are slightly
raised and joined posteriorly to the dental plates. The diductor scars
are large, ellipsoidal in shape, and separated by the median elevation.
The position of the adductor scars is obscure, but weak impressions
appear to be present on the posterior one-half of the ridge. These nar-

row "scars" are about one-half the length of the field.
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The brachial interarea is short, plane, and orthocline, The
cardinal process extends in a postero-ventral direction. The myophore
is crenulated and circular in shape. The delthyrium is triangular,
wide, and open. The cavity is wide and moderately deep; elevated above
the floor of the valve. The shaft portion of the process is about one-
third as wide as the cavity. The brachiophores are short and divergent.
The sockets are well developed. The tops of the brachiophores slope
laterally toward the sockets and form part of the socket floor. Part of
the sockets extend beneath the interarea. There is a low, rounded
median septum which extends anteriorly about 2-3mm. The anterior two-
thirds of the valve interior faintly reflects the external costation.

Discussion: There are only a few specimens from the Viola
Formation; all of which have the numerous bifricating costae as does
D. transversa Willard. However, there are no specimens showing the
flattened or concave pedicle valve like D. transversa Willard. In
lateral profile the Viola specimens are more similar to D. sweeneyi
(Winchell). However, that species has costae which rarely bifricate;
costae increase in size as the shell increases in size.

The majority of specimens of D. transversa Willard in the
United States National Museum are from the Benbolt and Ottosee Formations.

Distribution and Material: This species is found only at
Locality D; Unit 2, 275-280 feet below the top of the formation.

Only one articulated specimen was found. Several partial

brachial and pedicle valves were also collected.
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Family Plectorthidae Schuchert and LeVene, 1929
Genus Doleroides Cooper, 1930
Doleroides n.sp;

Plate IX, figs, 1 and 2

Description: The shell is ellipsoidal in outline with the
width greater than the length. The cardinal extremities are obtuse to
rounded. The lateral margins are rounded with the widest part of the
shell at the middle. The anterior margin is broadly rounded to straight.
The hinge line is straight and a little more than one~half the maximum
width of the shell. The lateral commissure is rectimarginate and the
anterior commissure is faintly uniplicate. In lateral profile the shell
is equally biconvex. The surface is covered by numerous fine costae
which are weakly developed in the umbonal region, but become more pro-
nounced in the anterior. There are numerous costellae, most of which
arise by bifrication. The poor preservation of the surface elements
makes it difficult to tell if there are any intercalated costellae.
There are 4~5 costae and costellae in a space of 2mm. at a distance of
9mm. from the beak.

In lateral profile the thickest part of the pedicle valve is
posterior to the middle. The interarea is plane, long (about 2.4mm.),
and apsacline. The delthyrium is triangular and open. The cavity is
moderately deep and just about at the same level as the valve floor.

The teeth are short rounded knobs extending very little past the hinge
line. The dental plates are well developed and slightly advancing.

They join with the floor of the valve and are continuous with the
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margins of the muscle field. The field is elongate in shape. The
diductor scars are ellipsoidal in shape, not divergent, and impressed
deeper than the laterally positioned adjustor scars. The adductor
scars are not well defined, but there is a rather wide, slightly ele-
vated area in the center of the field separating the diductor scars.
The adjustor scars are partially impressed into the bases of the dental
plates. The entire muscle field, from the posterior tip of the cavity
to the anterior most edge, is about 5.6mm. long. The anterior margin
does not reach to the middle of the valve. No pallial markings were
observed.

In lateral profile the tﬁgckest part of the brachial valve is
in the middle. The interarea is short, plane, and orthocline to slightly
anacline. The notothyrium is open. The cardinal process has a thick
shaft and a triangular-shaped crenulated myophore. The myophore thins
toward the posterior and does not extend above the level of the inter-
area. The process is separated from the interarea by deep concavities,
the floors of which are curved and continuous with the stout brachio-
phores. At the base of the cardinal process there are two distinct
grooves which may have been the position of attachment of the diductor
muscles (not all specimens have these grooves). The sockets are thin,
slit-like grooves positioned on top of the brachiophores and partially
beneath the hinge. The muscle field is quadrate in shape with the pos-
terior and anterior scars about equal in size. There is a low, poorly-
developed median septum extending almost to the middle of the valve,

Discugsion: The table below are the dimensions for the brachial

and pedicle valves figured on Plate IX (figs. la, 1b, lc, 2a, and 2c).
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Brachial Valve Pedicle Valve
Thickness . . 4.2mm, Thickness . . 4.lmm,
Length « o 11,.0mm, Length o o 11.7mm,
Interarea . . 1.0mm. Width « o+ l4.4mm,

Interarea . . 2.4mm,

This species is similar to D. oklahomensis Cooper from the
Bromide Formation. The primary difference between D. oklahomensis
Cooper and this species from the lower Viola is in the finer and more
weakly developed costae and costellae in the Viola species. D. okla-
homensis Cooper has well-developed costae in the posterior parts of the
shell, particularly around the beak. The species from the lower Viola
Formation has poorly-developed costae around the beak, and in most
specimens this area of the shell is almost smooth., (See Plate IX,
figs. la and 2a.)

Cooper (1956, p. 120-121) subdivided the upver part of the
Bromide Formation in the Arbuckle Mountains into several biostrati-
graphic zones. The D, oklahomensis zone is the second one from the top
of the formation. The thicknesses of the zones varies from locality
to locality, and at some localities one or more of the zones are miss-
ing. Cooper (1956) gave no absolute thicknesses for any of these
biostratigraphic zones and therefore, it is difficult to say just how
much rock is present between the D. oklahomensis zone and the base of

=3

the Viola Formation. —

The United States National Museum collections contain specimens

identical to those described here as being from the lower Viola, but
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labeled as being from the top of the Bromide Formation. These National
Museum specimens apparently are not from the D. oklahomensis zone which
is lower in the Bromide. It is possible that the National Museum speci-
mens (labeled as being from the top of the Bromide) could be mislabeled,
and are actually from the lower Viola Formation.

The specimens collected and described by the writer are from the
lower one foot of the Viola Formation at localities D and L. At both
localities the unconformable contact between the Viola and the Bromide
is marked by a welded contact. At these localities the Bromide is a
dense lithographic micritic limestone, and the Viola is a coarse-grained
calcarenite. Because of these distinctly different lithologies the con-
tact can be easily placed. The specimens described here are silicified,
and the limestone blocks from which they came were taken in place from
above this welded contact. The writer has no personal knowledge of the
possible presence of this species below the Viola Formation.

Distribution and Material: This species was found only at
localities D and L; in the lower one foot of the formation (Unit 1C).

About 20 silicified valves were collected., There were no

articulated specimens found.

Genus Platystrophia King, 1850

Platystrophia n.sp. A
Plate III, figs. 4 and 5

Description: This species is spiriferoid in outline with the

widest part of the shell at the hinge line., The cardinal extremities
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are pointed forming an angle of about 50 degrees. Some shells do not
show this acute an angle, although no shells have a cardinal angle
greater than 80-90 degrees. The shell is biconvex with the brachial
valve a little deeper. The greatest thickness is in the middle or just
posterior to the middle. The lateral commissure is faintly convex and
the anterior commissure is strongly uniplicate. There is a well-devel-
oped, moderately deep sulcus onthe pedicle valve. It originates at the
beak and expands anteriorly; occupied by three plications. The brachial
valve bears a prominent fold having four plications. The fold originates
at the beak and expands toward the anterior. The flanks bounding the
fold and sulcus are gently convex and ornamented by 10-12 plications.

The pedicle interarea is apsacline, slightly curved near the
beak, but plane over its greater portion. It is a little longer than
in the brachial valve. The beak is suberect. A foramen is present;
permesothyroid. The delthyrium is triangular and open; the cavity deep.
The teeth are short, triaﬁgula;, and positioned at the side of the del-
thyrium. The dental plates are rather thick and advancing. These are
joined and continuous with the lateral margins of the ellipsoid-shaped
muscle field. The field extends a little less than one-half the length
of the valve. (See Figure 38.) The anterior end of the field is convex
and elevated. A low, frail ridge is present in the anterior two-thirds
of the muscle field. The adductor scars are not clearly visible. The
diductor scars are large and elongate, expanding slightly anteriorly.
The adjustor scars are large and triangular, positioned at the base and

somewhat on the walls of the cavity. The crural fossettes are shallow.



130

The internal margins of the valve are crenulated. These crenulations
are the internal reflections of the external plications.

The brachial interarea is shorter than in the pedicle valve
and more strongly curved, orthocline. The beak is slightly incurved.
The notothyrium is triangular and open. The cavity is moderately deep
and elevated above the level of the valve floor. The cardinal process
is a well-defined, narrow ridge which extends the entire iength of the
cavity. It does not reach the level of the interarea at its highest
posterior end., The brachiophores are thick, with rounded extremities.
The sockets are rounded and deep, causing the brachiophores to appeear
"hooked." The inner faces of the brachiophores are strongly swollen
to form distinct ridges. The median septum is broad and rounded beneath
the notothyrial cavity, but thins to a sharp ridge at the anterior end
of the muscle field. (See Plate III, fig. 5b.) The anterior adductor
scars are triangular and larger than the posterior pair which are small
elongated "pits." An oblique ridge separates the posterior and anterior
pairs., There is a third set of muscle scars situated just under the
brachiophores and posterior to the normal four adductor impressions.
These are very small "pits" which could represent another set of adduc-
tor scars, or a set of adjustor scars. Thus, there are six muscle scars
in the brachial valve of this species.

Discussion: Schuchert and Cooper (1932) noted that the brachial
valves of some Orthid genera have six scars. They state (p. 39):

In many genera the anterior adductor impressions are clearly

divisible each into two parts (notably true in Productorthis, see

ol. 3, fig. 11), so that there are evidently six scars in the
adductor field. This third "adductor" set may represent adjustor
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muscles whose ventral attachments are on the pedicle and are
thus not recorded by a corresponding set of impressions on
the ventral valve., It is possible also that the adductor muscles
trifurcate in their passage from the ventral to the dorsal valve.
As far as the writer knows this is the first reported occurrence of six
"adductor" scars in the brachial valve of a species of Platystrophia.
This species is easily distinguished from Platystrophia n.sp. B
by having a thinner shell, less elongate pedicle muscle field (compare’
figure 4b to figure 1b on Plate III), a spiriferoid shape (compare Fig-
ure 35 with Figure 43), and a different length-width growth pattern
(compare Figure 34 with Figure 42).
Platystrophia n.sp. A resembles Platystrophias n.sp. C,

particularly in external appearance. However, Platystrophia n.sp. C

has only four adductor muscle scars in the brachial valve. (See figure
3b, Plate VIII.)

This new species differs from P. equiconvexa Wang from the
Maquoketa Formation by having an inequivalved lateral profile and a
spiriferoid outline.

Platystrophia n.sp. A is similar in outline to an unnamed

species of Platystrophia reported by Howe (1966a) from the Montoya Group

of West Texas and New Mexico.

Distribution and Material: This species is represented by only
10-15 specimens. There are no articulated specimens. The species is
confined to the upper 6 feet of the Viola Formation at localities A,
C, and D (Unit 3C). 1In the basin province it is found 40-60 feet below
the top of the formation at localities I and R (Unit 3CM).

Platystrophia n.sp. A also occurs in the "Fernvale" (Cape)

Limestone in northeastern Oklahoma.



132

Figure 34

Platystrophia n.sp. A. The regression line and the
95 percent confidence interval for the length-width dimen-
sions for the pedicle and brachial valves from localities A
and C, Unit 3C, upper 6 feet. All measurements are in
millimeters.

Mean length: 12.3, mean width: 23.7.(maximum width),

initial growth index (a): 7.0, growth ratio (b): 1.4.

Figure 35

Platystrophia n.sp. A. The regression line and the
95 percent confidence interval for the hinge line width-
length of shell dimensions for the pedicle and brachial
valves from localities A and C, Unit 3C, upper 6 feet., All
measurements are in millimeters.

Mean hinge line width: 23.7, mean shell length: 12.3,

initial growth index (a): -1.9, growth ratio (b): 0.6.
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Figure 36

Platystrophia n.sp. A. The regression line and 95
percent confidence interval for length of shell-length of
muscle area dimensions for pedicle valves. Specimens are
from localities A and C, Unit 3C, upper 6 feet. 411
measurements are in millimeters.

Mean length: 12.2, mean length of muscle area: 5.2,
(the length of the scar is taken from the beak of the valve
the anterior margin of the muscle area), initial growth

index (a): -0.9, growth ratio (b): 0.5.

Figure 37

Platystrophia n.sp. B. The regression line and 95
percent confidence interval for the length of shell-length
of interarea dimensions for the pedicle valves. Specimens
are from localities A and C, Unit 3C, upper 6 feet; All
measurements are in millimeters.

Mean length: 16.2, mean length of interarea: 2.8
(measurements were taken along the median of the valve),

initial growth index (a): -3.8, growth ratio (b): 0.4.

Figure 38

Platystrophia n.sp. B. The regression line and 95 percent
confidence interval for length of shell-length of muscle area
dimensions for the pedicle valves. The specimens are from
localities A and C,Unit 3C, upper 6 feet. All measurements are
in millimeters.

Mean length: 17.1, mean length of scar: 7.2, initial growth

index (a): 3.1, growth ratio (b): 0.2.
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Figure 39
Platystrophia n.sp. A. Regression line and 95 percent
confidence interval for the length of shell-length of interarea
dimensions for the pedicle valves from localities A and G, Unit
3C, upper 6 feet. All measurements are in millimeters.

Mean length of shell: 12.7, mean length of interarea

(measured along the median of the valve): 2.4, initial growth

index: -0.4, growth ratio: 0.2.

Figure 40

Platystrophia n.sp. A. The regression line and 95 percent
confidence interval for the length of shell-length of interarea
for the brachial valves from localities A and C, Unit 3C, upper
6 feet, All measurements are in millimeters.

Mean length of shell: 12.2, mean length of interarea: 1.7,

initial growth index: -0.6, growth ratio: 0.2.

Figure 41
Hesperorthis n.sp. The regression line and 95 percent
confidence interval for the length of shell-thickness of shell
dimensions for the pedicle valves from localities A and C,
Unit 3C, upper 6 feet. All measurements are in millimeters.
Mean length of shell: 15.9, mean thickness: 6.1, initial

growth index: 1.4, growth ratio: 0.3.
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A1l of the specimens (10-15) from the Viola Formation are

deposited in the University of Oklahoma Geology Repository.

Platystrophia n.sp. B
Plate III, figs. 1, 2, and 3

Description: The shell is thick, of medium size (see Figures
42 and 43 for length-width data), and subrectangular in outline. The
cardinal extremities are obtuse or at right angles. The lateral margins
are gently curved and the anterior margin is straight. The hinge line
is straight and not quite as wide as the maximum width which occurs at
the middle of the shell. In lateral profile the shell is unequally
biconvex with the brachial valve about twice as deep as the pedicle
valve. The highest point is in the middle or just anterior to it. The
lateral commissure is rectimarginate and the anterior commissure is
strongly uniplicate. The surface is marked by numerous plications;
9-10 on the flanks, 3 in the sulcus, and 4 on the fold. The plications
are angular with sharply rounded tops. Growth lines are present around
the anterior margins of some specimens.

The pedicle valve has a well-defined sulcus which begins at
the beak; expands and deepens anteriorly. The width and depth of the
sulcus are accentuated by a long tongue which protrudes in a direction
at right angles to the line of commissure. The beak is suberect. The
interarea is curved, apsacline, and wider than in the brachial valve.
The pedicle foramen is permesothyroid. The delthyrium is triangular
and open. The cavity is deep. The teeth are short; located a short

distance from the cavity walls. Weak crural fossettes are present in
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Figure 42

Platystrophia n.sp. B. The regression line and 95

percent confidence interval for the length of shell-
maximum width of shell dimensions. The specimens are
from localities A and C, Unit 3C, upper 6 feet, and both
pedicle and brachial valves were used. All measurements
are in millimeters.

Mean length of shell: 17.0, mean maximum width:

21.5, initial growth index: 9.9, growth ratio: 0.7.

Figure 43

Platystrophia n.sp. B. The regression line and 95
percent confidence interval for the hinge line width-
length of shell dimensions. The specimens are from
localities A and C, Unit 3C, upper 6 feet, and both
pedicle and brachial valves were used. All measurements
are in millimeters.

Mean hinge line width: 16.9, mean shell length: 15.9,

initial growth index: -0.3, growth ratio: 0.9.
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some shells. The teeth are supported from below by moderate shell
deposits; the dental plates do not appear to be fully developed. In
specimens which do have well-developed plates, they are slender,
advancing, and continuous with the lateral margins of the ellipsoid-
shaped muscle field. The anterior end of the muscle field is strongly
convex and slightly elevated. The individual scars could not be dif-
ferentiated, however, part of the adjustor scars are situated high on
the cavity walls.

The fold of the brachial valve begins at the beak and expands
anteriorly. The umbonal region is inflated so as to extend beyond the
posterior margin of the interarea. The beak is incurved. The interarea
is shorter and more acutely curved than in the pedicle valve. The noto-
thyrium is triangular and open, subtending an angle of about 45 degrees.
The cavity is deep and elevated above the floor of the valve. The
cardinal process is a slender, delicate blade extending the full length
of the cavity. The elevation above the cavity floor remains the same
throughout its extent, and it never approaches the level of the inter-
area. The brachiophores are robust and triangular; each bearing a
shelf-like ridge on its inner face. The top portion of each ridge is
continuous with the floor of the notothyrial cavity. The sockets are
deep and in some specimens partly entrenched beneath the surface of the
interarea. The median septum is absent or poorly developed. The adduc-
tor muscle field has six scars, the smallest of which are posterior and
just under the brachiophores. These scars are so entrenched as to make
the shell material around them appear "pinched" or "infolded." (See

figure 3c, Plate III.) The medium size scars are also under the
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brachiophores, but they are not as deeply embedded as the posterior
pair. Each anterior scar is trapezoidal in shape and the largest in
the field. (See figure 3c, Plate III.) The muscle scars are separated
by & prominent shell elevation which can be considered a median septum.
This septum is only present in the region of the anterior scars. It is
wider and higher posteriorly, thins and becomes lower until it disappears
at the anterior edge of the muscle field. The anterior margin of the
shell is crenulated. These crenulations reflect the external plications.
(See figures 1b and 3a, Plate III.) They are easily visible around the
margins, but become weaker in the posterior direction until at about
the middle they can no longer be seen.
Discussion: Schuchert and Cooper (1932), in discussing the

genotype state (p. 65):

. « .+ adductor scars unequal in size, the posterior pair the

larger, divided from the anterior adductor impressions by

low ridges at right angles to the median ridge.
The writer has examined the brachial interiors of numerous species of
the genus in the United States National Museum collections, and found
no similar muscle impressions except for one small collection of an
unnamed species (this small collection is reported to have been made
from the top of the Kimmswick Formation in Jefferson County, Missouri).
The few valves in the collection have the identical shell shape, shell
thickness, brachiophore supports, and most importantly the "J-shaped"
posterior adductor muscle scars.

Platystrophia n.sp. B differs from P. equiconvexa Wang from

the Maquoketa Formation of Iowa in having a distinctly unequally bi-

convex shell, and a much longer pedicle muscle field. Also,
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Platystrophia n.sp. B has a thicker shell than P. equiconvexa Wang.
The thinness of ﬁhe shell of the Maquoketa species allows for the
external plications to be reflected through to the inside where they
extend up to the muscle field. This is not true of Platzstfophia n.sp.
B. (See figures 1b and 3a, Plate III,)

This species has a completely different shape than Platystrophia
n.sp. C. In addition, the unique brachial muscle field distinguishes it
from Platystrophia n.sp. C. (Compare figure 3b, Plate III to figure 3b,
Plate VIII).

Platystrophia prayi Howe from the Montoya Group of West Texas

and New Mexico is much smaller in size.

Distribution and Material: Platystrophia n.sp. B is found only

in the upper part of the Viola Formation. In the shelf province it is
in the upper 6 feet (Unit 3C, localities A, C, and D), while in the
basin province it occurs in the brachiopod assemblage zone 4L0-60 feet
below the top of the formation (Unit 3CM, localities I and ?R).

This is not a common form as far as numbers are concerned.
There were only 13-15 individual valves collected; no articulated speci-

mens.

Platystrophia n.sp. C

Plate VIII, figs. 1, 2, 3, and 4

Description: The shell is spiriferoid in shape with the hinge
line straight and the widest part. The cardinal extremities are acute

in most individuals, but alate in some. In the smaller individuals the
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lateral, antero-lateral, and anterior margins lead smoothly into one
another forming a continuous curve. In larger shells the anéerior
margin is more truncated and set off from the curvature of the lateral
margins, In lateral profile the shell is biconvex with the brachial
valve a little deeper than the pedicle valve. This difference is more
pronounced in the larger specimens. The lateral commissure is recti-
marginate and the anterior commissure is uniplicate. The curvature of
the pedicle valve is gentle and even, with the median portion flattened
a little. The brachial valve has a posterior and anterior curvature
which is much steeper than in the pedicle valve. There is a well-
developed brachial fold and pedicle sulcus. Both features begin at the
beak and increase in prominence toward the anterior margin., In the beak
region there is only one plication in the sulcus and two corresponding
plications on the fold. From this initial two-plication fold there
arise two additional plications, thereby meking a four-plication fold.
When viewed from the posterior, the original plication on the right
gives rise to the first of these secondary plications. This occurs at
a distance of 3.0mm. from the beak, and the secondary plication branches
toward the outside. The original plication on the left gives rise to a
secondary plication which also branches toward the outside. This bi-
frication occurs a little more than 3.0mm. from the beak. The width of
the sulcus at the anterior margin is given in the following table. All
measurements are in millimeters. The number of plications on the

flanks ranges from 7 to 12, depending on the size of the valve,
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Length of Shell Width of Sulcus
7.4 4.2
8.7 5.2
10.2 5.8
11.5 7.2
12.9 8.6

The beak of the pedicle valve is erect to suberect. The
interarea is longer than in the brachial valve, curved, and apsacline.
The delthyrium is triangular and open, with a partial foramen at the
apex. The teeth are stout, short, and turned slightly in an upward
and outward direction. There are small crural fossettes in addition to
slightly larger accessory dental sockets. The dental plates are reced-
ing. The delthyrial cavity is deep with the walls of the cavity sloping
gently outward, thereby making the width across the floor greater than
at the top. The muscle field is cuenate in shape (for quantitative data
on the length of the field; see Figure 47). No distince markings were
observed within the field and therefore no separation into adductor,
diductor, or adjustor scars was possible. The interior of the valve is
corrugated in the antero-lateral one-half of the valve. The external
plications in the region of the sulcus are not strongly reflected in
the valve interior.

The brachial beak is erect. The interarea is short and
orthocline. The notothyrium is open. The cavity is deep, but elevated
above the floor of the valye. The cardinal process is a low, thin ridge

which extends the full length of the cavity. The brachiophores are
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short, stout, and pointed. The inner face of each brachiophore is
weakly concave. Small sockets are also present. The cordate-shaped
anterior adductor scérs are slightly larger than the posterior scars.
In some individuals the anterior and antero-lateral margins of the pos-
terior scars are so deeply impressed as to form grooves which when
accentuated become "J-shaped" scars. This configuration masks the
normal ellipsoidal shape of the posterior adductor scars.

Discussion: This species is distinguished from Platystrophia
n.sp. A primarily by the difference in the position of the brachial
muscle field, and the normal ellipsoidal shape of the posterior adductor
scars. In that species (see figure 5b on Plate III) the posterior scars
are positioned well beneath the brachiophores, thus out of view. In
P. n.sp. C (see figure 3a on Plate VIII) all four scars are easily
visible. Both photographé vere taken normal to the plane of commissure
and neither specimen was tilted.

Distribution and Material: This species is only found at two

localities; C and D. At Locality C it occurs in Unit 2, 270-280 feet
below the top of the formation. At Locality D its stratigraphic range
is slightly greater; 170-200 feet above the base of the formation. At
both localities this species occurs at the same horizon. The distribu-
tion at Locality D is given with the base of the formation as the refer-
ence because the upper part of the formation is faulted. (See description
of measured sections.)

This species is represented by over 150 specimens of which

4-5 are articulated.
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Figure 44

Platystrophia n.sp. C. The regression line and 95

percent confidence interval for the length of shell-length
of interarea for the pedicle valves. The specimens are
from Locality C, Unit 2, 275-283 feet below the top of

the formation. All measurements are in millimeters.

Mean length of shell: 11.5, mean length of interarea:

1.6, initial growth index (a): -0.2, growth ratio (b): 0.2.

Figure 45

Platystrophia n.sp. C. The regression line and 95

percent confidence interval for the hinge line width-
length of shell dimensions. These data are for the
pedicle valves, 275-283 feet below the top of the for-
mation; Locality C, Unit 2. All measurements are in
millimeters.

Mean hinge line width: 19.6, mean length: 10.8,

initial growth index (a): 2.2, growth ratio (b): 0.4.
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Figure 46

Platystrophia n.sp. C. The regression line and 95

percent confidence interval for the length of shell-length
of interarea dimensions. These data are from the brachial
valve from Locality C; Unit 2, 275-283 feet below the top
of the formation. All measurements are in millimeters.

Mean length of shell: 12.0, mean length of interarea

(measured along the median): 1.3, initial growth index (a):

0.4, growth ratio (b): 0.1.

Platystrophia n.sp. C. The regression line and 95

percenv confidence interval for the length of shell-length
of muscle area dimensions. These data are for the pedicle
valves from Locality C, Unit 2, 275-283 feet below the top
of the formation. All measurements are in millimeters.

Mean length of shell: 11.3, mean length of muscle

area: 4.6, initial growth index (a): -0.1, growth ratio

(b): 0.4.
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Superfamily Enteletacea Waagen, 1884
Family Dalmanellidae Schuchert, 1913
Genus Diceromyonia Wang, 1949
Diceromyonia cf. D. tersa (Sardeson)
Plate IV, figs. 15, 16, and 17
Orthis tersa Sardeson, 1892, v. 3, pp. 331-332, pl. 5, figs.
11-13 (fide Y. Wang, 1949, p. 36). Sardeson, 1897, pp. 101-102, pl. 5,
figs. 8-13.

Dalmanella tersa (Sardeson), Schuchert and Cooper, 1932, pl.

17, figs. 26 and 30.
Rhipidomella tersa (Sardeson), Gregor and Born, 1936, pl. 75,
figs. 11 and 12.

Diceromyonia tersa (Sardeson), Wang, 1949, pl. 12B, figs. 1-7.

Description: The shell is large for the genus with the width
greater than the length. (See Discussion for quantitative data.) In
outline it is subquadrate to subrectangular. The cardinal extremities
are obtusely rounded. The postero-lateral margins are straight, but
diverge away from the median. The antero-lateral margins are moderately
rounded and smoothly join a more broadly curved anterior margin. The
hinge line is straight, short; a little less than one-third the maximum
width which is reached anterior to the middle. In lateral profile the
shell is plano-convex, although there may be a slight convexity to the
brachial valve. The lateral commissure is rectimarginate to very
faintly convex. The anterior commissure is rectimarginate, although

one specimen shows a weak undulation. The thickest part of the shell
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is in the middle. The anterior slope from this high point is rather
steep and almost straight. There is a very slight curvature to the
highest part of the valve. The most intense curvature is in the umbonal
region. The brachial valve has a shallow, narrow sulcus which begins at
the beak., It expands, but does not deepen appreciably anteriorly. In
a specimen measuring 1l/mm. in length there are 8-9 costellae within the
sulcus at the anterior margin. The pedicle beak is small, suberect, and
projects a little past the posterior margin of the brachial valve. The
interarea is short, curved, and apsacline to orthocline. The maximum
length of the pedicle interarea was measured in the only available speci-
men to be 1.3mm. The delthyrium is triangular and open. In an articulated
specimen the cardinal process projects through and fills the entire open-
ing. The cavity is moderately deep with the posterior portion raised
slightly above the muscle area. The teeth are strong, triangular, with
sharp, keel-like anterior margins. The teeth are strengthened by well-
developed, advancing dental plates which join with the lateral margins
of the muscle field. Crural fossettes are conspicuous and take the form
of ledges positioned just beneath the teeth and on top of the dental
plates. There are also triangular shallow accessory dental sockets on
the top oortion of the teeth and anterior to the hinge line. The muscle
field has the outline of an elongated ellipse; about twice as long as
wide. The field extends about two-thirds the shell length. The adduc-
tor scars are small, elliptical, and fixed in the center immediately

posterior to the middle. The diductor impressions are large. They do

not expand or diverge anteriorly, but nevertheless appear to enclose the

smaller adductor scars. In the only well-preserved pedicle interior
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there is a low ridge anterior to the adductor impressions. It is
possible that this ridge prevented the complete enclosure of the adduc-
tor muscles. No adjustor scars were observed. The inner margins of
the valve are crenulated.

The brachial interarea is plane, very weakly apsacline, almost
orthocline., The cardinalia is strong. The shaft is thick, rounded, and
joins with the median septum. The brachiophores are strong, divergent,
with the posterior margins narrow and separated from the cardinal process
by a groove. Fuleral plates are lacking. The sockets are large and
moderately deep; impressed very little into the sides of the brachio-
phores. The median septum is wide and rounded, extending to the anterior
edge of the muscle field, The field is about as wide as it is long. The
posterior adductor impressions are circular to subquadrate in outline;
smaller than the anterior pair. The anterior and posterior scars are
about the same shape.

Discussion: The specimens from the Viola Formation (Arbuckle

Mountains) have the following dimensions.

Length Width Thickness
(articulated)

13.8mm. 16.5mm. 5.8mm,

19.4mm. 22.2mm, 8.2mm.

18.3mm. 21.6mm. --

16. 4mm. 20.0mm., --

19.8mm. 27.6mm. 8.0mm.

The specimen of D. tersa figured by Wang (1949) measured 15.5mm. in

length, 19.3mm. in width, and 5.7mm. in thickness. The following table
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gives the dimensions for a representative sample of specimens referred
to D. tersa (Sardeson) from the Richmond Formation at Wilmington, I1li-

nois (United States National Museum collection).

Length Width Thickness
(articulated)

9.0mm. 10.0mm. 4. 5mm.
9.3mm. 10.2mm. 4..Smm,
9.0mm. 11.0mm. 4,Omm.
11.0mm. 13.0mm. 4, Tmm.
10.7mm. 12, 8mm. 5.0mm.
13.0mm. 16, 4mm. 5. 3mm.
12.8mm. 16.2mm. 5.1mm.
12.8mm. 15.1mm. -
15.3mm. 18. 3mm. 5.7mm.

This species (D. cf. tersa) is represented in the "Fernvale" (Cape)
Limestone of northeastern Oklahoma by more numerous specimens. No
articulated specimens were found.

There is no difference between the specimens of this species
from the Arbucklé Mountains and those from the "Fernvale" (Cape) Lime-
. stone in northeastern Oklahoma. A comparison of the table below
(northeast Oklahoma Specimens) with the table for the Arbuckle Mountain
specimens shows that they are the same size.

Overall size is the only conspicuous difference between the
Viola specimens and D. tersa (Sardeson). The large size of the Viola

specimens also sets them apart from D. ignota (Sardeson) and D. crassa
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Howe. This larger size could have a genetic cause, but it also could
be the result of ecology. Because no other characteristic difference
was detected the writer prefers, for the present, to refrain from desig-

nating this a new species.

Length _Midth
19.0mm. 22 .9mm.
18.5mm. 23.2mm.
16.0mm. 22.7mm.,
20.0mm. 24 .Omm.
19.6mm. 23.8mm.
14 .9mm. 19./mm.
18.9mm. 23.4mm.
19.8mm. 25 .,0mm.
17.5mm. 20.9mm.
20, 6mm. 24, . 3mm.
20, 5mm, 25 . Tmm.,

Distribution and Material: D. cf. tersa (Sardeson) occurs in

Unit 3C at localities A and C (upver 6 feet of the formation). It was
not found in any of the basin province sections.

Only five specimens were collected from the Viola Formation
in the Arbuckle Mountains. However, in northeastern Oklahoma, approxi-
mately 40 individual valves were collected. There were no articulated

specimens.
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Genus Paucicrura Cooper, 1956
Paucicrura cf. P. rogata (Sardeson)

Plate VIII, figs. 11-13

Orthis rogate Sardeson, 1892, p. 331, pl. 5, figs. 1-4

(£ide Cooper, 1956, p. 957).

Orthis (Dalmanella) testudinaria (Winchell and Schuchert, not

Dalman), Winchell and Schuchert, 1895, p. 441, pl. 33, figs. 17-22.
Dalmanella rogata (Sardeson), Schuchert and Cooper, 1932,
p. 120, pl. 17, figs. 2-5, 7, 13, 31.

Paucicrura rogata (Sardeson), Cooper, 1956, p. 957, pl. 157F,

figs. 18-24.

Description: The shell is small. (See Figures 48-50 for
various dimensions.) In lateral profile it is plano-convex with the
thickest part being posterior to the middle. The radius of curvature
of the pedicle beak and umbonal region is smaller than that of the
broad, gently curved anterior slope. The lateral commissure is recti-
marginate and the anterior commissure is weakly sulcate. The shell is
subquadrate in outline with the width a little greater than the length.
(See Figure 50.) The widest part occurs in the middle or just anterior
to the middle. The cardinal extremities are rounded. The lateral mar-
gins are broadly curved and join smoothly with the anterior margin. The
hinge line is straight and slightly more than half as wide as the maximum
width of the shell. The brachial valve has a very narrow and shallow
sulcus which begins at the beak. It expands anteriorly, but does not

deepen appreciably. In anterior profile the pedicle valve has a gently
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rounded top with straight, and rather steeply sloping sides. The surface
is multicostellate. There are 60 marginal costae and costellae on a
specimen 8.0mm. long, and 8.5mm. wide. In a 2mm. space there are approxi-
mately 7.8 costellae at a distance of 5mm. from the brachial beak.

The pedicle beak is erect to slightly incurved, and projects
about lmm. past the posterior margin of the brachial valve. The pedicle
interarea is curved, short, and apsacline. The delthyrium is triangular
and open. There is a small shelf structure in the apex of the delthy-
rial cavity and depressed a little below the level of the interarea.
This structure is developed to various degrees and in many individuals
it is completely absent, The cavity is deep with the walls sloping
outward. The teeth are thick and short. The dental plates are advanc-
ing and join the margins of the muscle field. The inner face of each
plate is inflated so as to form well-developed crural fossettes. The
muscle field is ovate to ellipsoidal in shape, and a bilobed anterior
margin. In many individuals the median reentrant extends to the middle
of the field, but in most it is less. The field itself extends about
one-third to one-half the length of the valve. Some specimens display
a broadly rounded median ridge in the anterior one-half of the field.
The lateral margins of the field are gently curved, or straight. The
border of the field is made visible by elevated shell material. The
large diductors are the only scars visible. They diverge very slightly
in some individuals, but in others not at all. The anterior margins of
these scars are curved to various intensities, and some are almost
"pointedly" rounded. The inner margins of the valve are corrugated;

each corrugation showing the same magnitude as the surface costae.
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These costae reflections are visible around the anterior one-third of
the valve margins.

The brachial interarea is plane, orthocline to slightly anacline;
shorter than in the pedicle valve. The cardinalia is strong. The noto-
thyrial cavity is shallow; occupied almost completely by the cardinal
process which in most specimens projects above the level of the interarea.
The shaft is thinner than the median septum. The myophore is poorly
preserved. The brachiophores are stout and vary from being thin, with
sharp, pointed margins to being thick with rounded extremities. In some,
the posterior face of the brachiophore has a narrow groove extending its
full length. The sockets are large. A prominent broad median septum
divides the quadrate muscle field. The field averages 3-4mm. in width
and in length. The posterior adductor scars are circular to subcircular
in outline and a little smaller than the circular anterior adductors.
Both pair are moderately impressed.

Discussion: P. rotata (Sardeson) is a common Middle Ordovician
brachiopod. It is found in the Ion Member of the Decorah Formation and
in the Prosser Formation of Minnesota and Wisconsin. It has also been
reported from the Auburn chert in Missouri.

Distribution and Material: This species is common at Locality

C where numerous silicified specimens have been collected. At this
locality it is confined to 275-280 feet below the top of the formation.
It is also abundant at Locality D, 170-200 feet above the base of the
formation. At both of these localities it is confined to Unit 2.
Several hundred specimens have been collected, mostly from

Locality C. Many are articulated.
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Figure 48

Paucicrura cf. P. rogata. The regression line and
95 percent confidence interval for the length-thickness
dimensions. These data are for the articulated speci-
mens from Locality D, Unit 2, 275-283 feet below the
top of the formation. The lower and upper horizons
referred to in the diagram are at the top and bottom of
this 10-foot interval. All measurements are in milli-
meters.

Mean length: 7.6, mean thickness: 3.3, initial

growth index (a): 0.9, growth ratio (b): 0.3.

Figure 49

Paucicrura cf. P. rogata. The regression line and
95 percent confidence interval for the width of shell-
width of hinge line dimensions. The specimens are from
Locality C, Unit 2, 275-283 feet below the top of the
formation. All measurements are in millimeters.

Mean width of shell: 8.6, mean hinge line width:

5.4, initial growth index (a): 8.6, growth ratio (b): 0.8.
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Figure 50

Paucicrura cf. rogata. The regression line and
95 percent confidence interval for the length-width
dimensions. The specimens are from Locality C, Unit 2,
275-283 feet below the top of the formation. The
triangular symbols represent those specimens from the
top of this 10-foot interval and the circular symbols
are specimens from the bottom of the interval, All
measurements are in millimeters.

Mean length: 7.4, mean width: 8.3, initial growth

index (a): 0.9, growth ratio (b): 1.0.
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Paucicrura n.sp.

Plate IV, figs. 11-14

Description: The shell is small (see Figures 51, 52, and 54
for the various dimensions), subquadrate in outline. The greatest width
is just anterior to the hinge line. The hinge line is straight and about
two-thirds as wide as the maximum shell width. The cardinal extremities
are acutely rounded. The lateral margins are straight or broadly
rounded; in some specimens the sides are parallel while in others they
are inclined toward the median. The anterior margin is narrowly to
broadly rounded depending on the inclination of the lateral margins.

In lateral profile the shell is plano-convex. The curvature of the
pedicle valve from a point just anterior to the umbo to the anterior
margin. The curvature in the umbonal region is rather acute. The
sulcus in the brachial valve makes that valve appear almost concave.
The lateral commissure is rectimarginate and the anterior commissure is
broadly sulcate. The fold in the pedicle valve has a narrowly rounded
top with flanks that slope gently and continuously to the lateral mar-
gins. In posterior or anterior profile this valve is "V-shaped". (See
Plate IV, figs. 1llc and 11d.) The brachial sulcus begins at the beak
where it is shallow and very narrow. It expands and deepens anteriorly.
Taken together, the sulcus and the flanks of the shell form a smooth-
curved undulation; there being no sharp angulations marking changes in
slope except at the bottom of the sulcus when crossing from one flank
to the other.

The surface is multicostellate. The greater number of specimens

have the costellation destroyed. However, one sufficiently well-preserved
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specimen showed 10 costellae in a space of 3mm. at the anterior margin.
This individual measured 9mm. in length and 10.1lmm. in width.

The pedicle interarea is plane and apsacline, longer than in
the brachial valve. The delthyrium is triangular and open; the anterior
portion of which is filled by the cardinal process. The cavity is deep.
The teeth are divergent and moderately strong, supported by thick advan-
cing dental plates. These plates are continuous with the margins of the
muscle field and are extended anteriorly to various distances. Crural
fossettes are well developed. The muscle field is elongate in outline,
extending about two-thirds the length of the valve. The adductor impres-
sions were not observed, but there is a slight elevated area in the
center of the field to which these muscles were probably attached. In
outline, each diductor scar is an elongated ellipse. The two scars
diverge at various degrees. Due to the poor preservation it is diffi-
cult to determine whether the diductors enclose the adductors. The
position, shape, and size of the adjustor scars could not be determined
with certainty. In some valves, however, there is a small "overhang"
just under the teeth and on the dental plates indicating the possible
position of adjustor attachment. The inner margins of the valve are
crenulated.

The brachial interarea is very short; anacline to orthocline.
The cardinalia is strong. The cardinal process is stout, with a thick
shaft that merges with the median septum. The myophore is trilobed.

The brachiophores are stout and divergent to various degrees. The
median septum extends to the anterior of the muscle field, but in some

individuals it is absent at some distance posterior to this margin.
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The adductor scars are set close under the brachiophores and separated
by the median septum. The scars are not well defined, but appear to
be subcircular in outline. The inner margins of the valve are crenu-
lated, each centrally cleft.
Discussion: As defined in the Treatise (Williams and others,

1965, p. 336) the genus Onniella has a bilobed cardinal process and the

genus Paucicrura a trilobed process. Onniella quadrata Wang from the
Maquoketa Formation of Iowa, and O. guadrata variata Howe and 0. plicata
Howe from the Montoya Group of West Texas and New Mexico all have tri-
lobed processes. Following the Treatise then, these forms referred to
Onniella by Wang and Howe are members of the genus Paucicrura.

The distinctive features which separate this new species from

Paucicrura quadrata (Wang) from the Maquoketa and Montoya rocks are the

fineness of the costae, the smaller thickness of the articulated shell,
and the less prominent sulcus. Figure 51 shows that as a population
group the Viola species is less thick than the typical P. guadrata from
the Montoya Group. This species is also found in the "Fernvale" (Cape)
Limestone in northeastern Oklahoma. The specimens from northeastern
Oklahoma are identical in all respects to those from the Arbuckle Moun-
tains.

Distribution and Material: This species occurs in the upper 6

feet of the formation, Unit 3C, at localities A, C, and D. In the basin
province it is found in Unit 3CM at Locality I, 40-60 feet below the
top. This species is also abundant in the "Fernvale" (Cape) Limestone
in northeastern Oklahoma.

Several hundred specimens were collected.



166

figure 31

Paucicrura n.sp. The regression line and 95 percent
confidence interval for the length of shell-thickness of
shell dimensions. These data are of articulated valves
from localities A and C, Unit 3C, the upper 6 feet. All
measurements are in millimeters. The diagram shows some
differences between this species and the similar well-
known Upper Ordovician species referred to by Wang (1949)
and Howe (1966a) as Onniella gquadrata. The writer
believes that the specimens referred to by Wang and
Howe are members of the genus Paucicrura (see the discus-
sion in the paleontology section).

Mean length: 8.0, mean thickness: 2.6, initial growth

index (a): 0.8, growth ratio (b): 0.2.

Figure 32
Paucicrura n.sp. The regression line and 95 percent
confidence interval for the length-width dimensions. The
specimens are from localities A and C, Unit 3C, upper 6
feet, All meassurements are in millimeters. The regres-
sion line for Onniella quadrata was taken from Howe (:966a).
Mean length: 8.2, mean width: 9.3, initial growti

index (a): 2.6, growth ratio (b): 0.8.
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Figure 53

Thaerodonta magna. The regression line and 95
percent confidence interval for the pedicle valves
from localities A and G, Unit 3C, upper 6 feet. All
measurements are in millimeters.

Mean length of shell: 9.0, mean length of
pedicle interarea: 1.1, initial growth index (a):

0.1, growth ratio (b): 0.1.

Figure 54

Paucicrura n.sp. The regression line and 95
percent confidence interval for specimens from
localities A and C, Unit 3C, upper 6 feet. All
measurements are in millimeters. The regression

line for Onniella guadrata was taken from Howe,

1965).

Mean width of shell: 9.6, mean hinge line

width: 6.6, initial growth index (a): -0.4, growth

ratio (b): 0.7.
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Genus Onniella Bancroft, 1928

Onniella sp.

Plate IX, figs. 5, 6, 7, and 12

Description: The shell is almost circular in outline. The
hinge line is straight and a little more than one-half the maximum
width of the shell., The cardinal extremities are obtusely rounded.
The lateral and anterior margins are evenly rounded; both at about the
same magnitude. In anterior profile the pedicle valve has a sharply
rounded middle and straight sloping sides. The anterior commissure is
broadly but distinctly sulcate. In lateral profile the shell is un-
equally biconvex with the pedicle valve twice as deep as the brachial.
The lateral commissure is rectimarginate. The surface is finely cos-
tellate. There are about 7 costellae in a 2mm. space at a distance of
/mm. from the beak.

The pedicle interarea is slightly curved and apsacline. The
delthyrium is triangular and open. There is a small callosity at the
apex of the opening. The teeth extend about .5-.6mm. anterior of the
hinge line. They are supported by well-developed, advancing dental
plates. The plates are continuous with the lateral margins of the
muscle field. The field is elongate in shape with a median reentrant.
The diductor part of the field extends about 3.8mm. anterior of the
pedicle beak.

The sulcus in the brachial valve begins at the beak; it
expands but does not deepen anteriorly. The interarea is short (.5mm.)

and anacline. The notothyrium is open and occupied almost completely
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‘by the cardinal process. The shaft is short and the myophore is bilobed
and crenulated. The brachiophores are strong and project about Imm.
anterior of the hinge line. They are sharp, pointed, with flat, sloping
external faces. A prominent median septum extends 3.5mm. anterior from
the hinge line. The ventral posterior one-half of the septum bears a
single groove. The posterior and anterior scars could not be differen-
tiated. The field does not extend past the anterior end of the septum.

Because of the coarseness of the silicification many of the
delicate characters necessary for the identification of the species have
been obliterated. This is particularly true of the cardinalia and the
surface ornamentation.

Discussion: The specimens upon which this description is based
have a distinct bilobed cardinal process and an absence of fulecral
plates; thus they are referred to Onniella and not Dalmanella. The
writer is unaware of another species of Onniella which has such a pro-
nounced division of the shaft portion of the process. (See Plate IX,
fig. 12.)

Distribution and Material: This species is represented by

20-25 specimens from the lower 50 feet of the formation (Unit 1C) at
localities D and L. All of the specimens studied were silicified.
Some were collected from the lower 1 foot of Unit 1C at localities D
and L, Others were collected from 40 feet above the base of Unit 1C at
Locality L.

The writer collected 25-30 specimens (mostly silicified) from

these localities.
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Suborder Strophomenidina Opik, 1934
Superfamily Plectambonitacea Jones, 1928

Family Leptellinidae Ulrich and Cooper, 1936
Genus Leptellina Ulrich and Cooper, 1936

Leptellina sp.
Plate VIII, fig. 5

Description: The brachial valve is concave; subcircular to
subelliptical in outline. The hinge line is straight and the widest
part of the shell, The cardinal extremities are acute with the lateral
margins broadly rounded leading smoothly into the curved anterior mar-
gin. The sulcus extends the full length of the valve; expanding toward
the anterior. The sulcus does not increase much in depth and there are
no angulations marking off the sulcus from the flanks of the valve.
However, this transition becomes more acute in the posterior regions.
The surface is unequally parvicostellate; 203 costellae between two
larger ones. This differentiation is less conspicuous away from the
sulcus. The interarea is short and anacline. The notothyrium is closed
by a thick chilidium which is joined to the floor of the valve. It is
separated from each brachiophore by a groove. The cardinal process is
a small elevated ridge situated on the antero-ventral face of the mas-
sive chilidium. The brachiophores are short, pointed, and divergent.
The lophophore platform is large and elevated prominently around the
lateral and anterior margins. The lateral margins of the platform are
parallel to the margins of the valve; the anterior margin is marked by

a sharp indentation giving it a bilobed appearance. There is a
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well-developed ridge extending from just anterior of the cardinal process
to the anterior margin of the platform; increasing in prominence at the
anterior end. In one specimen it is greatly thickened giving that
specimen a very robust appearance.

Discussion: The description of this species is based on only
three brachial valves all of which show the interiors. There were no
pedicle valves found.

An unnamed species of Leptellina figured by Cooper (1956) from
the Edinburg Formation (Cyrtonella Zone) of Virginia is the only species
from the Chazy rocks which attains the size of the Viola species. The
measurements for Cooper's specimen is: length, 16.3mm., hinge line
width, 27.1mm., and mid-width, 26.1lmm. The most complete Viola specimen
measures: length, 13.5mm., hinge line width, 25.2mm., and mid-width,
20.0mm.

A1l of the species described by Cooper (1956) from the Chazy
and related rocks have hypercline interareas. As described above the
Viola species has an anacline interarea.

Distribution and Material: All of the specimens of Leptellina

sp. were collected from Locality C, Unit 2, 280 feet from the top of
the formation.

Only three brachial valves were found.
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Family Sowerbyellidae Opik, 1930
Genus Thaerodonta Wang, 1949

Thaerodonta magna Howe, 1965

Plate IV, figs. 1-10

Description: The shell is semicircular in outline with the
hinge line straight and the widest part of the shell at all growth stages.
The maximum width is almost twice the maximum length. The cardinal ex-
tremities are acute. The lateral margins are gently curved, and in some
individuals progress smoothly into the curvature of the anterior margin.
These are the truly semicurcular shells. In other individuals the
lateral margins are rather straight and the transition to the anterior
margin is not a smooth curve, but rather sharp, thereby accentuating the
lateral and anterior margins. In such shells the anterior margin is
slightly curved or truncated, causing the shell to exhibit a more sub-
rectangular outline, In lateral profile the shell is concavo-convex
with the thickest part in the middle. The lateral commissure is slightly
convex and the anterior commissure is slightly concave. The surface‘
ornamentation is unequally costellate with 3-4 fine costellae between
two larger ones. (See Plate IV, figs. 4a, 4b, and 4c.) On a specimen
measuring 9.3mm. in length, 18.0mm. in width there are 58 large costel-
lae around the margin. A specimen measuring 12.5mm. in length, and
22.3mm. in width has 68 large costellae around the margin.

The pedicle interarea is wide and apsacline to various degrees;
in some shells strongly apsacline and in others weakly apsacline almost

approaching the orthocline position, The pedicle interarea is longer



175

than in the brachial valve. Numerous cardinal fossettes are present
along the hinge line, (See Plate IV, fig. 5a.) The delthyrium is tri-
angular and covered in the posterior half by a slightly-arched pseudo-
deltidium. The primary teeth are short with rounded extremities. Some
specimens have smaller, but well-developed, secondary teeth. The crural
fossettes are large. In a few specimens they appear as "grooves'" or
"V-shaped" notches. The dental plates are thick and descend directly
to the floor of the valve, joining with the lateral margins of the
muscle field. The floor of the cavity is a horizontal plate supported
along the middle by a septum. This keeps the plate above the floor of
the valve so as to form two small conical cavities beneath the plate;
one on each side of the septum. The margins of the platform near the
dental plates join and are continuous with the floor of the valve. The
horizontal platform does not extend anteriorly past the hinge line,
although the septum extends various distances before it bifricates and
disappears. The adductor scars are situated partially in the cavities
beneath the platform and separated by the supporting septum. The di-
ductor impressions are oval in shape and a little larger than the
~-adductor scars, They are located immediately anterior and below the
level of the adductor impressions. They are separated by the septum.
The adjustor scars are large and divergent; the largest scars in the
field. There is an elongate ridge along the inside of each adjustor
scar. The lateral and anterior margins of the shell are tuberculate.

The brachial interarea is short and hypercline. The cardinal
denticles are numerous and increase in size toward the extremities.

The cardinal process is strong, elevated, and in well-preserved specimens
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distinctly trilobed. The sockets are large and deep. Some specimens
have a second set of smaller sockets positioned outside the primary
sockets. The brachiophores are widely divergent; extremities sharply
pointed. Chilidial plates cover the posterior part of the process and
seem to be fused to the process and the interarea. There is no evidence
of a foramen. The median septum is wide and slightly bilobed just be-
neath the cardinal process. This septum soon bifricates into two
prominent ridges which diverge slightly and extend about two-thirds
the length of the valve. They reach their highest point in the anter-
ior one-third from where they slope rather abruptly to the floor. The
muscle field is large and orbiculate in outline. The field is divided
by the two median septa; two adductor scars on each side. Each adduc-
tor pair is also separated by a less prominent ridge. Of the four
septa crossing the muscle field the middle two are higher and longer.
A few shells have a smaller septum between the two larger middle septa.
This smaller septum is only one-half as long and one-fourth as high as
those on its flanks.,

Discussion: The largest specimens from the Viola attain sizes
equal to T. magna Howe from the Montoya Group. However, only two speci-
mens from the Viola collections show a rough lamellose exterior (see
Plate IV, figs. 9 and 10) similar to T. magna.

If the larger specimens are excluded from the scatter plot
(this was done in Figures 55 and 56 in order to compare these specimens
to T. aspera) the resulting length-thickness and length-width data are
similar to T. aspera Wang (see Howe, 1965a for data on T. aspera Wang).

The Viola species has a smaller thickness than T. recedens (Sardeson).
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Figure 55

Thaerodonta magna. The regression line and 95

percent confidence interval (length of shell-thickness
of shell) for the articulated valves from Locality A,
Unit 3C, upper 6 feet. All measurements are in milli-
meters. The larger specimens have been omitted from
this scatter diagram.

Mean length: 0.9, mean thickness: 2.7, initial

growth index (a): -0.6, growth ratio (b): 0.4.

Figure 56

Thaerodonta magna. The regression line and 95

percent confidence interval (length of shell-width of
shell) for the specimens from Locality A, Unit 3C,
upper 6 feet. All measurements are in millimeters.
The larger specimens have been omitted from this
scatter diagram.

Mean length: 9.0, mean width: 16.2, initial

growth index (a): 1.8, growth ratio (b): 1.6.
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(See Howe, 1965a for data on T. recedens (Sardeson).) Although the
Viola specimens have dimensions more like T. aspera,they do not show
the roughly lamellose exterior so characteristic of that species.
However, the surface ornamentation of the Viola species is more like
T. aspera (3-4 finer costellae between 2 larger).

The writer has examined Howe's specimens of T. magna in the
United States National Museum and is of the opinion that the Viola and
Montoya forms are the same.

The writer considered all specimens of Thaerodonta from the
Viola Formation to be members of one population. (All came from the
same 2-3 foot bed.) Because T. magna is characterized primarily by its
large size it is difficult to designate the smaller specimens as T.
magna. This may be why Howe (1965a, p. 651, Figure 3) only gave dimen-
sions for six of the larger specimens. The scatter diagram presented
by Howe (1965a, p. 651, Text-figure 3) shows that for length-width -

dimensions specimens designated as T. recedens, T. saxea, and I. magna

grade one into the other. Howe (1965a, p. 651) stated the fact that
there is a complete gradation in size between T. recedens and T. saxea.
However, he did not comment on the gradation in size from I. saxea to
T. magna. After examining many specimens it is the opinion of the
writer that there is much gradation between the species T. aspera, T.
recedens, T. saxes, and T. magna. It is possible that "differences"
between these species resulted from different ecologies. This is par-
ticularly true for the differences in size. It is also true that such

differences are accentuated when only small samples are available.
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Distribution and Material: This species is a common form in

the upper Viola in the Arbuckle Mountains. It occurs in Unit 3C (upper
6 feet) at localities A, C, and D. At Locality I it occurs in Unit 3CM,
40-60 feet below the top of the formation.

There are over 300 specimens of this species. There are about

an equal number of articulated and disarticulated specimens.

Genus Sowerbyella Jones, 1928

Sowerbyella n.sp. ?
Plate VIII, figs. 14-16

Description: The shell is moderate in size for the genus.
(See Figure 60 for length-width data.) In outline it is rectangular to
gsemicircular with the hinge line straight and the widest part. The
cardinal extremities are at right angles or slightly acute. The lateral
margins in some individuals are straight, but in others they are curved.
In lateral profile the shell is concavo-convex. The convexity of the
pedicle valve accounts for all the thickness of an articulated specimen.
The highest point occurs in the middle, and the magnitude of curvature
is gentle and even throughout. (See Plate VIII, fig. 14b.) The lat-
eral and anterior commissures are rectimarginate. The surface is
unequally parvicostellate with 4-5 smaller costellae between two larger
ones. There are about four larger costellae in a space of 2mm. at a
distance of 5mm. from the beak.

The pedicle beak is small. The interarea is flat, apsacline,

and a little longer than in the brachial valve. The delthyrium is open
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Figure 57

Sowerbyella n.sp. ?. The regression line and 95
percent confidence interval (length of shell-thickness
of shell, articulated). The specimens are from Local-
ity C, Unit 2, 270-280 feet below the top of the forma-
tion. All measurements are in millimeters.

Mean length of shell: 8.1, mean thickness: 2.9,

initial growth index (a): -1.7, growth ratio (b): 0.6.

Figure 58

Sowerbyella n.sp. ?. Scatter diagram showing
the relationship between the length of the pedicle
interarea and the length of the brachial interarea.
A1l measurements are in millimeters., All specimens
are from Locality C, Unit 2, 270-280 feet below the

top of the formation.
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Figure 359

Sowerbyella n.sp. ?. The regression line and 95
percent confidence interval (length of shell-length of
pedicle interarea). The specimens are from Locality C,
Unit 2, 270-280 feet below the top of the formation.
A1l measurements are in millimeters.

Mean length of shell: 8.0, mean length of inter-

area: 1.0, initial growth index (a): -0.2, growth ratio

—

b): 0.2.

Figure 60

Sowerbyella n.sp ?. The regression line and 95
percent confidence interval (hinge line width-length of
shell) for specimens from Locality C, Unit 2, 270-280
feet below the top of the formation. All measurements
are in millimeters.

Mean hinge line width: 12.8, mean length: 8.2,

initial growth index(a): -0.2, growth ratio (b): 0.7.
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in the majority of specimens, but in a few there is a small apical arch
similar to a deltidium. The delthyrial opening is wide and the cavity
moderately deep. The teeth are short with rounded extremities. The
dental plates are thick, but rather indistinct, and almost inseparable
from the floor of the valve. The diductor impressibns are large,
slightly divergent, and ellipsoidal in outline. They are well defined
and moderately impressed. A prominent ridge separates the two diductor
scars in the posterior part of the field. This ridge bifricates at its
anterior end, about half way across the muscle field. The ridge ex-
tends posteriorly into the delthyrial cavity and joins to the posterior
wall. Just posterior to the two large diductor scars are the two well-
impressed, small, adductor scars. These are separated from each other
by the posterior extension of the ridge. These scars actually occupy
the delthyrial cavity. They are partially covered by shell material
whichalso fills the posterior half of the opening.

The brachial interior is not well preserved. The brachial
interarea is flat, short, and anacline. The cardinal process is pre-
served only as a simple knob projecting in a postero-ventral direction.
The crural processes diverge at a wide angle and help define the narrow,
elongate sockets.

Discussion: Because of the poor preservation of the brachial
interior this is questionably described as a new species.

Distribution and Material: This species is common in Unit 2
at localities C and D; 275-285 feet below the top of the formation.

Over 500 specimens were collected.
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Sowerbyella sp.
Plate IX, figs. 8, 9, and 10

Description: In doesal outline the shell is semielliptical
with the cardinal extremities acute. The lateral margins are straight
and inclined toward the median. The anterior margin is broadly curved;
almost straight. The hinge line is straight and the widest part of the
shell. The anterior profile is almost "V-shaped" with the middle of
the pedicle valve sharply curved and the lateral slopes straight. In
lateral profile the shell is concavo-convex; the thickest part being
posterior to the middle. The lateral and anterior commissures are
rectimarginate. The surface is unequally parvicostellate. At Smm.
from the beak there are about six of the larger costellae in a space of
2mm, Normally two, and sometimes three of the smaller costellae are
between the larger ones.

The pedicle interarea is plane, apsacline, and measures jmm.
in length in an average adult specimen. The umbonal region is slightly
swollen. The delthyrium is triangular and covered in the apical region
by an arched pseudodeltidium. The teeth are short with rounded extrem-
ities. They extend about 2mm. anterior of the hinge line. Beneath the
teeth and along the sides of the interarea and facing in the direction
of the open delthyrium are two distinct, fine grooves; one on each side
of the delthyrium. The apex of the cavity is filled with shell material.
Just under this material and level with the floor of the valve are two
small, conical muscle impressions. They are separated by a median ridge

which maintains itself for about 1.5mm. anteriorly from this apical
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shell material. The diductor scars are elliptical in outline, divergent,
and in their posterior half are separated by the median ridge.

The brachial interarea is plane, catacline, and about .5-.6mm.
long. There are two submedian ridges extending and rising from just
anterior to the cardinalia to a high point just anterior to the middle
of the valve. The muscle areas on each side of the double septa are
ellipsoidal in shape (3.2mm. x 5.4mm.) elevated. Each area is rimmed
by shell material. The lateral and anterior margins of the valve in-
terior are raised above the valve floor. This raised rim is about
2.0mm. wide and maintains a constant height all around the valve.

Discussion: The acid etching process has obliteratsd many of
the shell features and therefore a positive identification is impos-
sible.

Distribution and Material: This species has been found at two
localities: D and L. At both localities it is in Unit 1C. At Local-
ity D the species occurs in the basal one foot of Unit 1C; at Locality
L it occurs in Unit 1C in the basal one foot, and 40 feet above the

base. About 30-40 specimens were collected.
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Superfamily Strophomenacea King, 1846

Family Strophomenidae King, 1846
Genus Strophomena Rafinesque in de Blanville, 1825

Strophomena planumbona (Hall), 1825
Plate VI, figs. 2 and 3
Leptaena planumbona Hall, 1847, v. 1, p. 112, P1l. 31B, lLa-e.
Strophomena planumbona (Hall), Foerste, 1912, v. 17, pp. 73-81,
Pls. 4, figs. 3a-b; 8, figs. la-e; 9, figs. 3a-b. Wang, 1949, p. 23,

P1. 6D, figs. 1-7.

Description: The shell is moderate in size (see Discussion for
various dimensions) and subrectangular in outline with the width always
a little greater than the length. The hinge line is straight and just
about the widest part. The cardinal angles vary from being at right
angles to being acute. The lateral margins are straight and the
anterior margin broadly rounded. The beak is small and sharply pointed
a little past the posterior margin of the interarea. The umbo is
slightly swollen. 1In lateral profile the curvature of the pedicle valve
is even, there being no prominent geniculations. The pedicle interarea
is long, plane, and apsacline. The pseudodeltidium is convex and dis-
tinctly above the level of the interarea. The foramen is circular,
apical in position, and almost "pin-point" in size. There is consider-
able shell thickening beneath and along the lateral two-thirds of the
interarea. This supporting shell material is absent immediately adja-
cent to the teeth and dental plates. The teeth are divergent and

supported by thick dental plates which continue anteriorly, thus forming
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the border of the prominent, almost circular muscle‘area. The height
of this border decreases anteriorly so that in some specimens the anter-
ior portion of the field has a very low shell border. In other shells,
the height of the border is maintained completely around the field
except for a small gap at the anterior. The muscle field is bisected
by a thin ridge which extends from the posterior of the delthyrial
cavity to the anterior of the field. This ridge is higher posteriorly
and connected to the under side of the pseudodeltidium. In the center
of the ridge and close to the pseudodeltidium there is a small opening
which must have allowed for the passage of the pedicle. The adductor
scars are long and narrow; one scar on each side of the ridge. The
diductor scars are large, but do not enclose the adductors. The
adjustor scars were not observed. The interior of the valve is covered
by numerous pustules, randomly arranged.

The brachial interarea is short, plane, and anacline. In
lateral profile the valve is convex. The posterior two-thirds is flat,
leading into a moderate geniculation of the anterior one-third. The
cardinal process is bilobed, with each lobe having a concave posterior
face. Adjacent to the process on each side are prominent triangular
sockets. No muscle scars were observed.

Discussion: The following table gives the various dimensions
for the pedicle valves from the Viola Formation. There was only one
brachial found. All measurements are in millimeters.

The writer has found no prior reference to the small opening
located at the posterior of the ridge which bisects the muscle field.

Arber (1940) discusses the foramen in the genus Strophomena and asserts
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Length of Pedicle Width of Pedicle Length of

Length Width Muscle Field Muscle Field Interarea
18.4 26.2 9.0 9.0 4.5

-- 20.3 6.5 7.2 3.6

17.4 22.6 7.2 7.3 3.8

19.0 27.0 7.3 8.0 4.9

17.2 25.0 -- -- -

18.8 25.2 -- 8.1 4.0

17.3 26.0 -- -- 4.5

18.9 27.3 - - -
(p. 166) that in S. planumbona (Hall)". . . the pedicle must have survived

into the neanic phase, but subsequently atrophied, since the foramen is
still small and plugged with shell substance.' The Viola specimens show
the foramen to be open throughout (although they are small and could be
considered reduced in size) and could possibly have allowed for the
passage of a functional pedicle.

Distribution and Material: This species is confined to the
upper 6 feet of Unit 3C at localities A and C. In Unit 3CM it occurs
4LO-60 feet below the top of the formation (Unit I).

Eight to ten pedicle valves and one brachial valve were

collected.
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Strophomena perconcava Wang, 1949
Plate VII, fig. 4

Strophomena perconcava Wang, 1949, p. 26, Pl. 7C, figs. 1-5.

Description: In dorsal view the shell is subcircular to
subelliptical in outline; the curvature from the cardinal extremities
to the anterior margin is of about the same magnitude. The hinge line
is straight and the widest part of the shell. In anterior profile the
curvature is even, with the lateral slopes steep. In lateral profile
the shell is convexi-concave. The pedicle interarea is plane, fairly
wide (maximum width is 4.3mm.), and catacline. The triangular delthy-
rium-is covered by an arched pseudodeltidium.

The brachial valve has a flat posterior portion extending
approximately 8.0mm. before the curvature increases sharply across the
middle of the valve leading smoothly into the steep anterior slope.
The interarea is short, about one-fourth to one-fifth the width of the
pedicle interarea.

In the umbonal region all of the costae are about the same
size; about 12 in a 2mm, distanct at 5mm. from the brachial beak.

Away from the beak, and on the curved portiop'of the valve, the costae
can be differentiated into large and small. Here there are five larger
costae in a distance of 2mm. with larger costae having 2-3 smaller
costae between them.

Discussion: No specimens showing the interiors were found.
The Viola species is more subcircular in outline than the species from
the Maquoketa Formation of Iowa. Also, the Maquoketa species has more

numerous growth lines around the anterior margin.
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Digtribution and Material: There was only one specimen collected

at Locality G; Unit 3CM, The collecting interval from which this specimen

came is 60-75 feet below the top of the formation.

Strophomena cf. S. clermontensis Wang, 1949
Plate VII, fig. 3

Strophomena clermontensis Wang, 1949, P1. 7D, figs. 1-4.

Description: The shell is subquadrate in dorsal outline. The
hinge line is straight. The lateral margins are straight and turn
sharply into the straight anterior margin. In anterior profile the
brachial valve is flat across the middle with steeply sloping sides,
almost normal to the plane of commissure. There is a broad, shallow
brachial sulcus. The posterior of the brachial valve is flat for about
13mm. at which point a sharp, almost 90 degree geniculation occurs and
extends for another 10-12mm. to the anterior margin. The brachial
interarea is short; about one-fourth that of the pedicle interarea,
orthocline.

The pedicle valve is concave. The interarea is plane, long,
and apsacline. The umbonal region is swollen for a distance of 6-7mm.
outward from the beak. The costellae are all about the same size with
8-9 in a space of 2mm, at a distance of 5mm. from the beak.

Discussion: The few specimens from the Viola Formation differ

from S. clermontensis of the Maquoketa Formation in being more quadrate

in dorsal outline. Also, the costellae do not appear to be subequal in

size as they are in S. clermontensis. The strong growth lines reported
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to occur in S. clermontensis are not present on the Viola
specimens.

Distribution and Material: Only 3-4 specimens of this

species were collected at Locality G, Unit 3CM, 60-75 feet below the

top of the formation.

Strophomena sp.
Plate IX, fig. 3

Description: The shell is subquadrate in outline with the
width greater than the length., The hinge line is straight and the
widest part. In dorsal view the cardinal areas are concave. The cur-
vature of the brachial valve is broad and even in both lateral and
anterior profile. In lateral profile the shell is convexi-concave
with the highest point in the middle. The posterior 5-6mm. of the
brachial valve has a slight sulcus. This is accompanied by a fold on
the pedicle valve. There are approximately 30 costae originating at
the beak. In the posterior one-third of the shell there are costae of
two sizes, however, on the anterior and antero-lateral slopes the
costae are all of about the same size. At 5mm. from the beak there
are 14 costae in a 2mm. space. At the anterior margin there are seven
costae in a 2mm. distance.

The pedicle interarea is plane and apsacline, having a maximum
length of 2mm. The delthyrium is covered completely by an arched pseudo-
deltidium. There is a small, circular foramen at the apex.

The brachial interarea is short and orthocline.
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Discussion: No specimens showing the interiors were found.

The dimensions for the only complete specimen are given below:

Width of Hinge Line Length . Thickness
26.0!111!1. 19.21!1111. 4..511]111.

Distribution and Material: The only specimen found is from

Locality D, Unit 1C, 1-2 feet above the base of the formation.

Strophomena neglecta (James), 1881
Plate VI, figs. 4, 5, 6, 7, and 8

Streptorhynchus neglectum James, 1881, v. 5, p. 41.

Strophomena neglecta (James), Foerste, 1912, pp. 90-95, pl. 5,
figs. 1, 2A, B, 3; pl. 7, fig. 5; pl. 9, figs. 1, 10; pl. 11, fig. 10.
Tetraphalarella neglecta (James), Wang, 1949, p. 30, pl. 9G.

Strophomena neglecta (James), Howe, 1965b, p. 652, pl. 82,

figs. 13, 15.

Description: The shell is large (dimensions are given in the
Discussion), subrectangular to subquadrate in outline; hinge line straight
and the widest part of the shell. The cardinal extremities form right
angles; the lateral margins are straight. The anterior margin is
broadly rounded. The surface is ornamented by an alternating sequence
of one large and one small costae. There are about 28 costae in a dis-

tance of 5mm. at a distance of 8mm. from the beak. The pseudodeltidium

extends from the apex to the hinge line. It is flatly convex, barely

rising above the level of the interarea. The foramen is small, circular,
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and apical. On each side of the pseudodeltidium, where it joins the
interarea, there is a narrow groove marking the junction. The inter-
area is long, plane, and apsacline. The lateral twé—thirds of the
interarea is supported by shell material. The area beneath the interarea
and next to the teeth is open, showing the thin nature of the interarea.
The teeth are long and divergent, each'bearing a groove along the dorsal
face. The dental plates slope laterally and join the elevated border
around the muscle field. The prominence and shape of this border is
highly variable. In some specimens there is a gap at the anterior mar-
gin. The floor of the delthyrial cavity is elevated slightly. The
myophragm is low, narrow, and extends to the anterior edge of the muscle
field. At the apéex of the cavity there is a small opening for the pas-
sage of the pedicle. The adductor scars are ellipsoidal in shape,
positioned in the posterior one-third of the field. In most specimens
they are well impressed. The diductor scars are large and enclose the
adductors anteriorly. The whole field is crossed by wide radiating
grooves giving it a flabellate appearance. The area outside the field
is pustulose.

In lateral profile the posterior two-thirds of the brachial
valve is flat. At a distance of about 20mm. anterior to the beak the
valve turns sharply in the ventral direction. This geniculated portion
extends for about 15mm. The interarea is short, plane, and anacline to
almost orthocline. The cardinal process is bilobed with the lobes
diverging so as to become more separated anteriorly. Each lobe is con-

cave. The sockets are long, triangular in shape, and fairly deep. The
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median septum is a low rounded ridge which extends about &-10mm. toward
the anterior. No muscle scars were observed in the brachial valve.
Discussion: The dimensions for some complete and partially

complete pedicle valves are given below.

Length Hinge Line Width Mid-valve Width
28, 3mnm., 41. 3mm., 34..0mm,

-- bty 8mm -
27 1mm. 38.0mm. -
29 .0mm. - -
32..5mm. - -
35.0mm. 44, .Omm. 4610mm.
31.8mm. 40.0mm. 33.9mm,
25.0mm. 38.0mm. --

The genus Tetraphalarella was erected by Wang (1949) and
separated from Strophomena. According to Wang, one of the primary dif-
ferentiating characteristics was the complete enclosure of the adductor

scars by the diductor scars in the genus Tetraphalarella. In discussing

this problem Howe (1965b) states (p. 652):

This criterion is unreliable for generic differentiation
because the ventral muscle pattern varies widely in the same
species; for example, compare the ventral interior of Tetra-
phalarella planodorsata Winchell and Schuchert which are illus-
trated in Foerste (1912, pl. 7, figs. 6 and 8) and in the same
paper compare illustrations of T. neglecta (pl. 7, fig. 5, and
pl. 5, fig. 3b).

However, because Foerste's figured specimens show greatly dissimilar

ventral interiors all referred to the same species is no proof of this
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variation, although it may well be an indication. This could also have
resulted if Foerste had several species referred under the same name,
The specimens from the Viola show much variation in the size, shape, and
prominence of the pedicle muscle area. Also, many of the other charac-
ters vary greatly. Because of this variation thé writer prefers to
refer the species to the genus Strophomena and not Tetraphalarella.

Distribution and Material: This species has been found at
several localities. At localities A and C it occurs in the upper 6 feet
of the formation (Unit 3C). At Locality G it is found 60-75 feet below
the top of the formation (Unit 3CM). Farther to the southwest, at
Locality I, it is fairly common 50-60 feet below the top of the forma-
tion (Unit 30M), |

About ten specimens (mostly pedicle valves) were collected

from the Arbuckle Mountains.

Strophomena n.sp.?
Plate VI, fig. 1
Description: The shell is thin and subquadrate in outline.

The hinge line is straight and the widest part of the shell. The car-
dinal extremities are at about right angles; the lateral margins not
parallel, but slightly converging toward the median. The anterior
margin is evenly rounded and there is no sharp antero-lateral angle.
The umbo is moderately swollen. In lateral profile the pedicle valve
is almost flat with the greatest curvature occurring in the anterior
one-third. The surface is parvicostellate. In the umbonal region two

sizes of costae are present, alternating one with the other. There are
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about 10-11 costae and costellae in a space of 5mm. at a distance of
10mm. from the beak. The difference in the size.of the costae becomes
impreceptible outside of the umbonal region. The pedicle interarea is
plane and apsacline. The pseudodeltidium is convex with the foramen
apical in position. The teeth are long and divergent with a concavity
along the dorsal face. The dental plates are delicate and advancing.
The muscle field is widely cordate in shape. The adductor scars are
small and somewhat elongate. They are positioned in the posterior one-
third of the field. The diductor scars are large and maj not enclose
the adductors. A border is present only in the posterior one-half of
the field.

Discussion: There was only one pedicle valve of this species
found in the Arbuckle Mountains; there were no brachial valves. How-
ever, several identical specimens have been found in northeastern
Oklahoma ("Fernvale" Cape Limestone). This species is characterized
by its thin, delicate shell, and flat lateral profile.

Distribution and Material: The single pedicle valve is from

Locality C, Unit 3C, the upper 6 feet of the formation.

Genus Megamyonia Wang, 1949

Megamyonia n.sp?
Plate VI, figs. 9-11

Deseription: The shell is small (dimensions are given in
Discussion section) and subquadrate in outline. The hinge line is

straight and the widest part. The cardinal extremities are acute with
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the lateral margins straight and inclined toward the median. The
anterior margin is narrowly rounded. There are no sharp changes in
the curvature of the lateral and anterior margins. In lateral profile
the shell is concavo-convex. Along the median line the posterior part
of the valve is flat for a distance of about 10mm. at which point a
sharp geniculation occurs. The surface ornamentation appears to have
been obliterated.

The pedicle interarea is plane and apsacline; much longer than
in the brachial valve. The pseudodeltidium is.cdn§ex and covers the
posterior one-half of the triangular delthyrial opening. The teeth are
divergent, short, and well-rounded. The median portion of the cavity
floor is strongly elevated. The posterior apex of the diductor scars
isolates this elevation from the walls of the cavity. The muscle area
is very large. (See Plate VI, figure 10b.) The adductor scars are
centrally located. They are small, ellipsoidal, and well impressed;
separated by a ridge which rises posteriorly. This ridge ends at the
anterior margin of the adductor scars. The diductor impressions are
large, divergent, and greatly expanded anteriorly. The anterior margin
of these scars is at the position of geniculation of the valve. The
diductor scars do not enclose the adductors. (See Plate VI, figure 10b.)
The adjustor scars were not observed.

The cardinal process is stout and bilobed; the faces of the
lobes extending normal to the plane of commissure. The muscle field is
triangular in shape, widest at the posterior and nearly pointed at the
anterior. The adductor scars are all about the same size. The anterior

pair are ellipsoidal and separated by a flat ridge. The posterior scars
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are located a little behind and to the sides of the anterior scars. The
field extends slightly past the middle of the valve.

Discussion: This species is very similar to M. knighti from
the Maquoketa Formation of Iowa. Wang (1949) erected M. knighti and
characterized it by several features; one of which was a strong median
septum in the pedicle valve. In M. knighti, the median septum is strong
and extends all the way to the anterior margin of the valve. In the
Viola species, the median septum is present only in the posterior of
the valve. (See Plate VI, fig. 1lla.) In addition, the Viola specimens
are larger than M. knighti and have a different dorsal outline; the
Viola species is longer relative to the width.

The general dimensions for this species are given below:

Length Hinge Line Width Mid-Width
12. 3mm. 18.0mm. 13.2mm.
14.6mm, | 16. 3mm. 15.4mm.
12.8mm. 16.2mm. 13.9mm.
11.4mm. 16.2mm. --

Distribution and Material: This species occurs at localities

A and C; Unit 3C, the upper 6 feet. There were only 3-4 specimens col-

lected.
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Genus QOepikina Salmon, 1942

Oepikina sp.
Plate VIII, figs. 9 and 10

Description: The shell is moderate to large for the genus.

The single articulated specimen collected has the following measurements:
length: 22.,9mm., hinge line width: 27.1lmm., mid-width: 25.0mm., thick-
ness: 12.3mm. In dorsal view it is subcircular to subelliptical in
outline. The hinge line is straight and the widest part. The cardinal
extremities are at right angles. The lateral margins are weakly rounded
and lead evenly into the more narrowly rounded anterior margin. In
lateral view the shell is concavo-convex. The thickest part of the
shell is immediately posterior to the middle. The posterior one-third
of the pedicle valve is flat with a very sharp geniculation 12-13mm.
anterior from the beak. The anterior two-thirds of the valve is gently
rounded. The angle of geniculation is about 110 degrees. The surface
is parvicostellate; aporoximately six costellae in a space of 2mm. at a
distance of émm. from the beak.

The pedicle interarea is flat, orthocline, and about three
times as long as in the brachial valve. The delthyrium is triangular,
the posterior one-third covered by an arched pseudodeltidium. The
cavity is moderately deep. There is a prominent foramen at the apex of
the pseudodeltidium. The teeth are short and divergent. The dental
plates are thin and advancing. The margins of the muscle field are
oblique to the direction of dental plate extension. The lateral margins
of the field are straight and are directed inward toward the middle of

the valve.
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The interarea of the brachial valve is short and anacline. The
cardinal process is prominent, bilobed, and extends posteriorly past the
interarea. Each lobe is distinctly seéarate from the other. The sockets
are large, shallow, and triangular in shape. The brachiophores are weak
and poorly developed. They are situated on the ridge which forms the
anterior border of the sockets. A median septum is present, but weak.
Antero-lateral septa are thin and more prominent than the median septum.
The muscle field is subelliptical in shape. The area outside the muscle
field is finely pustulose, almost granular in appearance. Around the
margins of the valve there is a well-developed, beaded ridge with rounded
top. (See Plate VIII, figure 10a.) This ridge, as well as the area just
posterior to it, is crossed by numerous grooves presumably caused by the
strong vascular system. The area along the outside of the ridge is
deflected sharply toward the brachial valve.

Discussion: The Viola species strongly resembles Oepikina
limbrata Wang in size and shape. However, there are several differences
of which the most outstanding is the nature of the ornamentation. 0.
limbrata is unequally costellate with 8-9 costellae between two larger
costae. In the Viola species there is no clear separation into these
two size groups. These two species also differ in lateral profile. The
pedicle valve of 0. limbrata is smooth and even. The curvature of the
pedicle valve of the Viola species is angular.

Distribution and Material: The writer collected one

articulated specimen, two brachial valves, and one partial pedicle
valve. The species was collected from the lower part of Unit 2 at

Locality C, 275-280 feet below the top of the formation.
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Genus Rafinesquina Hall and Clarke, 1892

Rafinesquina sp.
Plate IX, fig. 4

Description: The shell is subelliptical in outline with the
hinge line straight and the widest part. The cardinal margins are at
right angles. The lateral margins are gently curved with the anterior
margin more sharply rounded. In an immature specimen the curvature is
about the same all around. The surface is parvicostellate with 3-6
smaller costellae between two larger ones.' The number of finer costel-
lae depends on how far anterior from the beak the observation is taken.
However, even at the same distance from the beak, but at different
places, it is possible for the number of finer costellae to vary. In
lateral profile the posterior two-thirds of the shell is flat with a
geniculation occurring 17-18mm. from the beak (measured along the med-
ian). The angle of geniculation is about 45-50 degrees. When measured
along the median the treil is 11-12mm. in length.

The pedicle interarea is short, faintly curved, and apsacline.
The beak is small and pointed. The delthyrium is triangular and open.

Discussion: This species was collected from the lower part of
Unit 2, localities € and D. At Locality C, 2-3 silicified specimens
were collected, 280-283 feet below the top of the formation. At Local-
ity D this species is represented mostly by impressions 220-236 feet
below the top of the formation.

Distribution and Material: This species occurs in the lower

part of Unit 2,
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Order Rhynchonellida Kuhn, 1949
Superfamily Rhynchonellacea Gray, K 1848
Family Rhynchotrematidae Schuchert, 1913

Genus Rhynchotrema Hall, 1860

Rhynchotrema increbescens Hall

Plate VII, fig. 10

Rhynchotrema increbescens Hall, 1847, p. 146, pl. 33, figs.

13c, and d.

Description: The outline of the shell is subrectangular to
subtriangular. The widest part occurs at about the middle. In lateral
profile it is unequally biconvex with the brachial valve about twice as
deep as the pedicle valve. The beak is small, suberect, and protrudes
posteriorly about lmm. past the brachial valve. The anterior commissure
is uniplicate. There are 6-7 plications on the flanks, 4 on thé brachial
fold, and 3 in the pedicle sulcus. Most shells bear imbrications along
the anterior and antero-lateral one-half of the shell. The delthyrium
is small, triangular, and open. The sulcus begins about 2-4mm. from the
beak; widens and deepens anteriorly. At the anterior margin it averages
about émm. in width. The tongue is about 5-6mm. in length depending on
the growth direction in this .i)art of the shell. During the ea_rly growth
stages the brachial valve has a very shallow, but distinct sulcus. This
early sulcus is formed by 1-2 depressed plications which later become
the two inner plications of the fold.

Internally, the brahiophores are slender, divergent, and curved

concave toward the pedicle valve. There is a prominent median septum
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extending to about the middle of the valve. The septum is positioned
opposite the external inner trough of the fold; this trough being
bounded on each side by the two fold plications., It is this trough and
normally the adjacent plications which are depressed in the umbonal
region of the valve., No muscle scars were observed. In some shells
the cardinal process is present, and in others it is poorly developed or
absent.

Discussion: Weiss (1955) classifies R. wisconsinensis Fenton

and Fenton as a subspecies of R. increbescens. Weiss claims that R.

wisconsinensis and R. increbescens grade into each other in collections

from a single bed. If this is correct it seems to the writer that a

more reasonable biological solution would be to note the limits of

variation and treat "both" as one variable species, R. increbescens.
The dimensions for this species from the Viola Formation are

given below. The measurements are given in millimeters.

Length Width Thickness
9.4 | 10.7 8.5
10.8 13.0 8.7
11.2 12.5 10.0
11.4 11.8 9.0
11.9 13.0 8.3
11.9 14.3 9.2

12.4 15.4 9.5
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Distribution and Material: This species occurs in Unit 2 at
localities C, D, and L, In Unit 2 at other localities there are frag-
ments of a small rhynchonellid, presumably R. increbescens.

Only 8-10 specimens were collected.

Genus Lepidocyclus Wang, 1949

Type species: Lepidocyclus laddi Wang, 1949, p. 12; Upper

Elgin Member of the Maquoketa formation; along east-west road in south-
west quarter of section 17, Orleans township, Winnishiek County, Iowa.

Diagnosis: Variable in outline, but usually globose. Internally
a deep pedicle cavity, large flabellate muscle field in the pedicle valve,
conspicuous hinge plates. Teeth stout, supported by strong shell thick-
ening. Cardinalia strong. Hinge plates strongly developed. Cardinal
process thin, well developed. Crural processes long, slender, curved
concave ventrally.

Discugsion: Wang (1949) erected the genus Lepidocyclus for
certain shells which had previously been referred to Rhynchotrema.
According to Wang (1949) the chief distinguishing characteristics of
Lepidocyclus which set it apart from Rhynchotrema are the deltidial
plates, long crural processes, the situation of the teeth and muscle
field, the absence of dental plates, and the presence of a well developed
cardinal process. However, according to Howe (1964, p. 96) many of these
distinguishing characteristics exhibit much wider variation than pre-
viously recognized. Several of these are now known to occur in both
genera. For example, rudimentary deltidial plates occur in at least one

species of Rhynchotrema; Lepidocyclus capax, the best known and probably
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the most widely dispersed species of the genus, has a Rhynchotrema-like
pedicle cavity and open delthyrium; the cardinal process in Rhynchotrema
is well developed; and the ventral muscle field is similar in the two
genera. Howe (1964, p. 96) suggested that the definition for each
genus be amended so as to allow for these overlaps. As yet, this has
not been done.

At the present time there are 10 species of Lepidocyclus. Wang
(1949) described seven species from the Maquoketa Formétion of Iowa.
However, it is possible that with larger and better collections some of
these may prove to be only form species. Howe (1966b) described two new
species from the Cape (Fernvale) Limestone of Missouri and northeast
Oklahoma; Lepidocyclus cooperi and L. oblongus. Lepidocyclus capax was
not reported from the Maquoketa of Iowa, but it is common in the Upper
Ordovician rocks of the Ohio Valley. It also occurs in the Fernvale
Formation of Tennessee and in the Viola Formation of Oklahoma.

The plylogenetic relationships among the various species is
difficult to assess at this time. Much more detailed collecting is
needed in some geographic areas before any definitive picture of the

phylogenetic relationships can be attempted.

Lepidocyclus cooperi Howe, 1966
Plate I, figs. 4-8
Lepidocyclus cooperi Howe, 1966b, p. 259, pl. 31, figs. 1-6,
8-10,

Description: This species is of moderate to large size (see
Figures 66 and 67 for dimensions) with the length and width dimensions
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about‘equal. The greatest width occurs anterior to thé middle in.most
shells. The outline of most specimens when -viéwed . from the ventral
is subpentagonal (see Plate 1, figure 4b), but in a few specimens it is
subrectangular. The lateral margins are gently curved and almost parallel,
the anterior margin straight. In dorsal view, the outline is almost cir-
cular in specimens having a thickness greater than 13mm. (See Plate 1,
figures Aa and Lf.) Those specimens less than 13mm. thick have a more
subpentagonal to subquadrate outline., (See Plate I, figs. 8a and 8b.)
In lateral profile the shell is unequally biconvex with the brachial
valve nearly twice as deep as the pedicle valve. (See Plate I, fig. 4d.)
Again, those specimens less than 13mm. thick show a more equally bicon-
vex profile with the brachial valve just a little deeper (see Plate I,
fig. 8a). In most of the specimens the anterior commissure is strongly
uniplicate, but in the more equally biconvex specimens it is more gently
uniplicate.

The fold on the brachial valve is first preceptible at about
5mm. from the beak, whereas the sulcus of the pedicle valve first appears
at 7-8mm. Both expand and increase in prominence toward the anterior.
The majority of individuals have four plications on the fold and three
in the sulcus. However, there are two specimens in the collection, both
of average size, one of which shows five and the other six plications on
the fold. Thereare from seven to nine plications on the flanks. In
profile, the plications together with the intervening troughs form a
smooth sinuous curve., Along the anterior margins of the shell the tops

of the plications become flat or concave. The surface of the shell is
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covered by numerous fine filae; about 16-18 in 10mm. at almost any
position away from the beak.

In lateral profile the pedicle valve is very gently convex with
the intensity of curvature about the same from posterior to anterior.
The beak is prominent and suberect. (See Plate I, fig. 5b.) The hinge
line is short, slightly curved, and one-third to one-half the width of
the valve. The foramen is large, circular, with a mesothyroid or sub-
mesothyroid position. The deltidial plates are faintly concave, each
sloping geptly toward the anterior. The two plates join just anterior
to the foramen forming a distinct groove. (See Plate I, fig. 7a.) The
teeth are very stout appearing as nodes over the extremities of the hinge
line. They are raised above the hinge line and supported by thick shell
material. These shell supports assume divers degrees of "inflation"
causing the teeth not to be positioned the same in all valves. The
difference in the amount of shell material and the configuration taken
by this material results in the posterior of the valve being extremely
variable in appearance.g-The pedicle muscle field is large (see Figure
62 for dimensions), and in most valves easily visible (see Plate I,
fig. 7a). The adductor scars in most valves are positioned in the
center or jusﬁ posterior to the middle of the field. However, a few
specimens have them in the extreme posterior of the field. The diductor
gscars are flabellate and enclose the adductors anteriorly (see Plate I,
fig. 7a). The adjustor impressions are deeply fixed along the postero-
lateral margins of the field., The degree to which these scars are
impressed depends on the amount of "swelling" in the shell material sup-

porting the teeth. Most valves have this "swelling" such that the
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material overhangs the postero-lateral margins of the field. The
anterior and antero-lateral margins of the valves are serrated.

In overall appearance of the brachial valve is "bulbous" or
"subconical" depending on the height of the fold. The beak is small,
incurved, and concealed by the pedicle valve. The cardinalia is robust
with a blade-like cardinal process. (See Plate I, fig. 6éb.) The sockets
are large and deep, separated from the notothyrial cavity by massive hinge
plates. The crural processes are thin, about twice as wide as thick.

They are attached to the inner anterior corner of the hinge plate. The
processes are curved concave ventrally. A median septum extends from
just beneath the cardinalia to a little past the middle of the valve. The
adductor scars are impreceptible in most valves. However, one specimen
showed these scars to be small ellipsoidal pits located well below the
cardinalia, separated by the median septum. (See Plate I, fig. 6d.)

Discussion: This species shows much variation in its outline and
lateral profile. The fold is the most prominent character, and depending
on its height, can alter drastically the overall appearance of an indi-
vidual shell. Figures 63 and 65 show the variation in the fold height.

In many cases the longer, and therefore older shells (the writer is
assuming that the shell length is some indication of age) have the higher
folds. A large specimen showing a high fold is shown in figure 4d of
Plate I. Here, the fold height increases as the shell length increases.
In contrast to this, and to illustrate the other extreme in shell growth,
figure 5b of Plate I shows a shell in which the fold height remains the
same throughout growth. The variability in the height of the fold and

therefore the shape of the shell is related to a change in the growth
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vectors; a problem which has been discussed by Rudwick (1959). All of
the specimens examined, including both those with low and high folds,
have the fold beginning at about the same distance from the beak.
Lepidocyclus Qgggg;i occurs in the same stratigraphic horizon
as Lepidocyclus capax at all localities where brachiopods were collected.
L. cooperi is differentiated from L. capax by having well-developed del-
tidial plates and a shallow almost flat pedicle valve. However, some of
the specimens of L. cooperi show a slightly curved pedicle valve. L.
capax is best characterized by having no deltidial plates. (Compare
figure 3g of Plate I with figure 7b of Plate I.)
Howe (1965c) discussed the presence or absence of deltidial
plates in the genus Lepidocyclus. He stated (1965c, p. 1128):
The Rhynchotrema-like open delthyrium and large pedicle cavity
of Lepidocyclus? capax differs so markedly from the long tubular
pedicle cavity and concave deltidial plates found in other species

of Lepidocyclus, the generic assignment of this species is in
doubt,

Nikoforova (1961, reported in Treatise, 1965) proposed that

the name Lepidocycloides be used for those forms similar to Lepidocyclus,

but lacking deltidial plates and lacking a cardinal process. All of the
specimens from the Viola formation which were studied by the writer have
well developed cardinal processes.

Wang (1949) in erecting the genus Lepidocyclus, stated that the
long slender crural processes are curved dorsally. This is probably a
mistake in orientation because the few specimens of brachial interiors
figured by Wang (particularly L. laddi Wang) show crural processes

which are concave ventrally.
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Figure 61

Lepidoeyclus cooperi. The regression line and 95

percent confidence interval for the articulated specimens
from localities A and C. All the specimens are from the
upver 6 feet of Unit 3C. All measurements are in milli-
meters.

Mean thickness: 11.4, mean length: 16.0, initial

growth index (a): 11.1, growth ratio (b): 0.4.

Figure 62

Lepidocyclus cooperi. The regression line and 95

percent confidence interval (length of pedicle valve-
width of pedicle muscle field). The specimens are from
the upper 6 feet of Unit-3C at localities A and C. All
. measurements are in millimeters.

initial growth index (a): 3.4, growth ratio (b): 0.3.
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Figure 63
Lepidocyclus cooperi. The regression line and 95
percent confidence interval (length of shell-height of
fold) for the specimens from the upper 6 feet of Unit
3C at Locality A. All measurements are in millimeters,

Mean length: 15.9, mean height of fold 3.2, .

initial growth index (a): -6.3, growth ratio (b): 0.6.

Figure 64
Lepidocyclus cooperi. The regression line and 95
percent confidence interval (width of shell-width of
fold). All the specimens are from the upper 6 feet of
Unit 3C at Locality A. All measurements are in millimeters.
Mean width of shell: 18.0, mean width of fold: 9.0,

initial growth index (a): 2.5, growth ratio (b): 0.4.

Figure 65

Lepidocyclus cooperi. The regression line and 95
percent confidence interval (heiéht of fold-width of fold)
for specimens from the upver 6 feet of Unit 3C at Local-
ity A. All measurements are in millimeters.

Mean fold height: 3.2, mean fold width: 9.1, initial

growth index (a): 7.0, growth ratio (b): 0.7,
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Figure 66

Lepidocyclus cooperi. The regression lines and 95
percent confidence intervals (length—width) for the articu-
lated specimens (triangles), and for the brachial valves
(dots). All of the specimens are from the upper 6 feet of
Unit 3C at Locality A. All measurements are in millimeters.
It should be noted that because the pedicle beak projects
behind the brachial valve the length measurement taken from
an articulated specimen is in effect the same as the length
of the pedicle valve.

Brachial valves. Mean length: 16.0, mean width: 18.0,

initial growth index (a): -2.3, growth ratio (b): 1.3.

Articulated specimens. Mean length: 18.7, mean width:

initial growth index (a): 2.2, growth ratio (b): 0.9.

Figure 67

Lepidocyclus cooperi. The regression line and 95
percent confidence interval (length—thickness) for articu-
lated specimens from the upper 6 feet of Unit 3C at
Locality A. All measurements are in millimeters.

Mean length: 17.2, mean thickness 13.1, initial

growth index (a): -12.3, growth ratio (b): 1.4.
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Distribution: This is probably the most characteristic species
in the upper part of the Viola Formation. It occurs in the upper 6 feet
of Unit 3C at localities A, B, C, D, and L. It occurs in such great
numbers, and is so robust that it usually is the first species noted on
the outcrop. It also occurs in Unit 3CM at localities I and R, 40-60

feet below the top of the formation. Over 200 specimens were collected,

Lepidocyclus capax (Conrad)
Plate I, figs. 1-3, 9

Atrypa capax Conrad, 1842, p. 264, pl. 14, fig. 21 (fide H. J.
Howe, 1966, p. 263, pl. 31, figs. 15-20.

Rhynchonella capax (Conrad), Meek, 1873, p. 123, pl. 11,
fig. 2a-f.

Rhynchotrema capax (Conrad), Hall and Clarke, 1894, p. 825,
pl. 42, figs. 11, 12, and 16, Winchell and Schuchert, 1895, p. 462,
pl. 34, figs. 30-33.

Lepidocyclus capax (Conrad), Howe, 1966b, p. 263, pl. 31,

figs . 15-200

Description: The shell is large. (See Figures 68 and 69 for
dimensions.) The dorsal outline is circular to subtriangular to sub-
rectantular. (Compare figures la, 2a, 3a, and 9a of Plate I.) The
postero-lateral margins diverge from the beak and are straight or
weakly rounded. The lateral margins are rounded and the anterior mar-
gin is broadly rounded to straight. In lateral profile the shell is

subequally biconvex with the brachial valve a little deeper. This
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difference is due to the brachial fold. The curvature of both valves is
of about the same . intensity throughout. The anterior commissure is
uniplicate. In anterior profile the lateral slopes are steep and in
some specimens normal to the plane of commissure, thereby helping to
give the shell a globular appearance. The surface is covered by fine
zigzag filae which in the anterior part of the shell become prominent -
and seem more imbricated.

The thickest part of the pedicle valve is in the middle or just
posterior to the middle. The curvature from here to the beak is much
sharper than from the high point to the anterior. The intensity of the
anterior slope increases although it never becomes as acute as the pos-
terior. The sulcus begins about émm. from the beak; deepens and widens
anteriorly. The width at the anterior margin is about one-half the
width of the shell. The majority of specimens have three plications in
the sulcus. However, two individuals show only two plications in the
sulcus with a faint third plication high on the lateral plication bound-
ing the sulcus. Both of these specimens are average in size (20-21
millimeters in length). The beak is incurved and pressed against the
brachial valve. The foramen is apical in position. The hinge line is
short and about one-third the width of the valve. The delthyrial cavity
is wide and deep, but still elevated above the level of the muscle area.
The palintrope is small and inclined toward the cavity. It joins and
is continuous with the cavity walls. The teeth are large rounded knobs,
positioned a short distance from the ends of the hinge line. Crural
fossettes are present to varying degrees. The dental plates are rudi-

mentary; receding whenever developed to their fullest., The muscle field
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is subcircular in outline, extending to about the middle of the valve.
The adductor scars are ellipsoidal in outline, well impressed, and
positioned in the center of the field just posterior to the middle. They
are about twice as long as wide and extend anteriorly to the middle of
the field. The diductors enclose the adductors anteriorly. The adjustor
scars are embedded so as to cause some "overhang" along the outer pos-
terior margins of the field. (See Plate I, fig. 1h.)

The brachial beak is small and incurved; hidden by the pedicle
valve., The fold expands and rises slightly toward the anterior. In the
umbonal region there is a faint depression which at about 3mm. from the
beak becomes elevated anteriorly and becomes the early part of the fold.
The sockets are large, deep, and almost circular in outline. They are
bounded on the inside by stout hinge plates which bear the crural pro-
cesses. The cardinal process is a thin blade; thicker anteriorly. The
crural processes are curved ventrally. A thick median septum is below
the cardinalia, but thins to a sharp ridge with 4-5mm. The ridge main-
tains itself as much until about the middle of the valve. The adductor
scars are ellipsoidal in outline; separated by the median septum. They
are located immediately below and anterior to the cardinalia. (See
Plate I, fig. 1d.)

Discussion: This species shows much variation in its lateral
profile and dorsal outline. This variation is indicated somewhat by the
length-width and length-thickness scatter diagrams; Figures 68 and 69.
Figures la, 2a, and 3a of Plate I show the variation in the dorsal out-
line. Figures le, 2b, 3d, and 9b of Plate I show the variation in

lateral profile.
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Figure 68

Lepiaoczclus capax. The regression line and 95
percent confidence interval for articulated specimens
from localities A and C. All specimens are from the
upper 6 feet of Unit 3C. All measurements are in
millimeters.

Mean length: 22.0mm., mean thickness: 18.3mm.,

initial growth index (a): -29.4, growth ratio (b): 2.2

Figure 69

Lepidocyclus capax. The regression line and 95

percent confidence interval for the articulated speci-
mens from localities A and C. All specimens are from
the upper 6 feet of Unit 3C. All measurements are in
millimeters.

Mean length: 22.0mm., mean width: 22.7mm., initial

growth index (a): -3.0, growth ratio (b): 1.2.
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Distribution and Material: This species occurs in the upper

6 feet of Unit 3C at localities A, B, C, D, and L. It is also found in
Unit 3CM at localities I and R, 40-60 feet below the top of the forma-
tion. Like L. cooperi, shells of this species are conspicuous on the

outecrop.

Lepidocyclus oblongus Howe, 1966
Plate VII, figs. 5, 6, and 7
Rhynchonella capax Keyes, 1894, pl. 41, fig. 12b (not 12a)
(fide, Howe, 1966b, p. 261.).

Lepidocyclus oblongus Howe, 1966, p. 261, pl. 31, figs. 11-14.

Description: The shells are of moderate size for the genus (see
Discussion for dimensions). The length is about one-fourth greater than
the width. Thegreatest width is anterior to the middle. In lateral
profile the shell is equally biconvex forming an almost circular shell.
In some specimens the strong curvature of the posterior and middle por-
tions increases in magnitude and becomes less curved in the anterior part
of the valve. (See Plate VII, fig. 7e.) From the highest points on each
valve the slopes to the anterior margins are almost straight, there being
little curvature. Therefore, when viewed laterally there is a slight
anterior projection to the profile in the region of valve junction. (See
Plate VII, fig. 7e.) The anterior commissure is uniplicate. The pedicle
beak is small, incurved, and pressed against the brachial valve. The
foramen is small.

The brachial fold bears four plications and begins 2mm. anterior

of the pedicle beak. It increases in height and width toward the anterior.
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At a distance of 6-7mm. from the pedicle beak the two inner fold
plications are raised slightly higher than the lateral plications. This
difference in height between the lateral and inner plications increases
toward the anterior margin so that at the margin the inner plications are
well above the lateral fold plications. This is what Howe is referring
to when he states (1966b, p. 263) that the species has "weak lateral pli-
cations on the fold and sulcus."

The pedicle sulcus is first present 5-6mm. anterior of the
pedicle beak. It expands and deepens anteriorly. There are 7-8 plica-
tions on the flanks of the valve.

The interiors of the Viola specimens are known from serial
sections only. (See Figure 70.) The cardinalia is strong with a well
developed single thin ridge as a cardinal process. Below the cardinalia
there is a stout median septum which does not extend very far anteriorly.

Discussion: This species has been found in the Viola Formation
at only two localities; B and C. At both localities it is confined to
the upper 2-3 feet of Unit 2 and the lower 15-20 feet of Unit 3C. It is
the only species studied by the writer which can be carefully collected
bed-by-bed across the "transitional" boundary between Unit 2 and Unit 3C.
Plate VII, figures 5, 6, and 7 show specimens collected across this boun-
cary at Locality B. Figures 5a-e are of a specimen from the upver 2-3
feet of Unit 2. Figures ba-e are of a specimen from the lower one foot
of Unit 3C. The figures given as 7a-e are of a specimen which is most
like L. oblongus. It occurs 15 feet above the base of Unit 3C. These

three specimens have the following dimensions.
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Figure 70

Serial sections of Lepidocyelus oblongus Howe.
Specimen is from the lower 1 foot of Unit 3C at
Locality B. 1.--2.9mm. from the beak; 2.--3.1lmm.
from the beak; 3.--3.5mm., from the beak; 4.--4.4mm.
from the beak; 5.--5.lmm. from the beak; 6.--6.lmm.

from the beak.
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Specimen Length Width Thickness
0U 5872 15.5mn. 15.2mm. 17 .0mm.
0U 5873 16.8mm. 15.2mm. 19.6mm.
0U 5874 18, 6mm. 16.2mm. 17.8mm.

Lepidocyclus oblongus is easily distinguishable from L. gooperi
and L. capax by being longer relative to its width. It also differs from
L. cooperi by having the pedicle beak pressed close to the posterior of
the brachial valve.

Distribution and Material: This species has only been found in

the upper 2-3 feet of Unit 2 at Locality B, and in the lower 15-20 feet

of Unit 3C at localities B and C. About 10 specimens were collected and

studied.
Lepidocyclus manniensis ? (Foerste), 1909
Plate VII, fog. &
Rhynchotrema manniensis Foerste, 1909, p. 315, pl. 7, fig. 4.
Lepidocyclus manniensis (Foerste), Wang, 1949, p. 14, pl. 5D,
figs. 1-12.

Description: The shell is moderate in size (see Discussion for
dimensions), globous in shape with the width a little greater than the
length. In dorsal view the shell is subtriangular with the greatest
width just anterior to the middle. In lateral profile the shell is bi-
convex with the brachial valve slightly deeper. The curvature of the

valves is such that the anterior portion is straight. The pedicle beak
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is erect and incurved; pressed against the posterior of the brachial
valve. The shell is circular to ellipsoidal in anterior view. The
anterior commissure is uniplicate.

The pedicle foramen is small. The pedicle umbo is slightly
swollen with the sulcus first visible at 5-6mm. anterior from the beak.
It deepens and widens anteriorly; the anterior width being 8mm.

The brachial umbo is flat. The fold remains low throughout the
growth of the shell, although it is well defined in any specimen. The
fold has four plications at all stages of growth; all developed to about
the same height. There are 6-7 plications on the flanks of the valve.
There are fine zigzag filee ornamenting each valve. In the region pos-
terior to the middle and well away from the lateral margins there occur
about four filae in a distance of 2mm. The number of filae increases
toward the lateral margins where there are a maximum of 9-10 in a dis-
tance of 2mm. This is due to the differential growth rate in the
different regions of the shell.

No interiors were found. Serial sections show that a well
developed cardinal process is present as a single plate. It is most
prominent in the posterior of the cardinalia, but slopes downward and
rapidly disapoears toward the anterior. A prominent median septum is
just below the cardinalia. The muscle scars are deeply impressed, at
least in the posterior portion of the pedicle valve. The adjustor
scars in the posterior portion of the field are elevated above the
others.

Discussion: There are four specimens which are questionably

referred to this species. They occur in the same stratigraphic horizon
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and same locality as L. oblongus. It differs from L. oblongus in being
shorter in relation to its width (compare fig. 8, pl. VII to fig. 7,
pl. VII). In addition, the fold is not as high and the lateral fold
plications are as well developed as the two inner fold plications. L.
manniensis is reported to be characterized by flattened or concave costae
around the anterior margin. This feature is not seen in the Viola speci-
mens.

Wang (1949) differentiated L. manniensis from L. capax by
general form and long ventral tongue in the former. Many of the speci-
mens in the U. S. National Museum collections examined by the writer show
a normal tongue length almost identical to L. capax.

Figures 71 and 72 show the dimensions of L. manniensis? from the
Viola Formation and from other rock units in other geographic regions,

Distribution and Material: This species is represented by only
four specimens; all confined to the lower 15-20 feet of Unit 3C at Local-

ity B.

?Lepidocyclus perlamellosus (Whitfield), 1877

Plate VII, figs. 9, 11
Rhynchonells perlamellosa Whitfield, 1877, p. 73, 1832, p. 265,
pl. 12, figs. 23-25.
Lepidocyclus perlamellosus (Whitfield), Wang, 1949, p. 14,
pl. 64, figs. 1-5.

Discussion: There is no formal description given because most

of the specimens questionably referred to this species were few in number,
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Figure 71

Lepidocyclus manniensis? from the Viola formation;
Unit 3C, the lower 15-20 feet. This scatter diagram
compares the length-width dimensions of the Viola specimens
to those from the Rictmond Formation in Illinois, and the
Mannie Shale in Tennessee. All measurements are in

millimeters.

Figure 72

Lepidocyclus manniengis? from the Viola Formation;
Unit 3C, the lower 15-20 feet. The symbols in this figure
are the same as those in Figure 71 above. This diagram
shows that the specimens from the Viola compare favorably
in width-thickness dimensions to specimens of L. manniensis

from other areas. All measurements are in millimeters.
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all of which were crushed or damaged in some way. All of the specimens
were from "crack-out" material. There were no interiors found. Most
exteriors were partially destroyed. There were no specimens having the
beak region preserved well enough to allow serial sections to be made.
Because of the poor preservation and lack of interiors the identification
of this species is in doubt.

There are several collections in the U, S. National Museum
referred to Lepidocyclus perlamellosus (Whitfield). All of these collec-
tions are reported to be from the upper Trenton of New York near Ellisburg.
A1l of the specimens are articulated with the majority having the external
shell layers worn away. There is a marked variability in dorsal outline
and lateral profile. This is indicated somewhat by the measurements given

below.

Length (mm. Width (mm.) - Thickness (mm.)
12.8 14.7 7.6
11.7 14.5 7.1
13.7 16.1 8.2
15.5 19.4 9.9
15.5 18.9 11.9
18.0 22.3 13.1
15.4 19.5 10.3
14.5 17.8 10.6
15.7 18.0 11.9

16.0 20.0 10.9
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Length fmm.) Width (mm.) Thickness (mm.)

14.5 18.2 12.0
15.5 16.8 11.3
15.1 15.5 10.3
15.0 16.6 11.6

In dorsal outline the shells range from being subpentagonal to
elliptical., The thickest specimens seem to be those which have the more
subpentagonal outline.

The stratigraphic occurrence of ?L. perlamellosus in the
Arbuckle Mountains (Locality G) in the same rocks with Plaesiomys bel-’
listriatus, Strophomena perconcava, S. clermontensis, and S. neglecta
indicates a Cincinnatian age and not Trentonian,

Distribution and Material: This species occurs in the upper
ten feet on Unit 2 at localities B, C, and L. It also is fairly abun-
dant (10-15 specimens) at Locality G, 60-75 feet below the top of the

formation; Unit 3CM. About 20 specimens were collected.
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VIOLA BRACHIOPODS
Plates 1-9

The species presented in the following plates are not grouped
zoologically. The plates are presented in a stratigraphic manner.
Plates I-VI show those species which occur in the upper part of the
Viola Formation (Units 3C and 3CM). Plate VII shows those species
which occur in the lower part of Unit 3C and the upper part of Unit 2.
Plate VIII shows those species which occur in the lower part of Unit 2.

Plate IX shows the species from Unit 1C.
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A
Plate I

Lepidocyclus capax (Conrad). Specimen OU 5810; locality 4, Unit 3C,
upper 6 feet. a. dorsal view, b. ventral view, c. interior of
brachial valve, d. interior of brachial valve showing adductor
scars beneath the cardinalia, e. lateral view, f. anterior view,
g. posterior view, h. interior of pedicle valve.

Lepidocyclus capax (Conrad). Specimen OU 5802; locality 4, Unit 3C,
upper 6 feet. a. dorsal view, b, lateral view showing the low
convexity of the brachial valve.

Lepidocyclus capax (Conrad). Specimen OU 5803; locality A, Unit 3C,
upper 6 feet. a. dorsal view showing the subquadrate outline, b.
ventral view, c. anterior view, d. lateral view showing the low
convexity of the valves, e. interior of brachial valve, f. interior
of pedicle valve, g. (X3) posterior of pedicle valve.

Lepidocyclus cooperi Howe. Specimen OU 5804; locality A, Unit 3C,
upper 6 feet. a. dorsal view, b. ventral view, c. anterior view,
d. lateral view, e. posterior view, f. dorsal view with the
specimen tilted so as to show the deltidial plates.

Lepidocyclus cooperi Howe. Specimen OU 5805; locality A, Unit 3C,
upper 6 feet. a. anterior view, b. lateral view showing the low
convexity of the brachial valve, particularly the low prominence
of the fold throughout growth.

Lepidocyclus cooperi Howe. Specimen OU 5806; locality A, Unit 3C,
upver 6 feet. a. interior of brachial valve, b. interior of
brachial valve tilted so as to show the adductor scars positioned
well away from the base of the cardinalia; compare this figure with
that of 1d.

Lepidocyclus cooperi Howe. Specimen OU 5807; locality C, Unit 3c,
upper 6 feet. a. interior of pedicle valve showing the large
flabellate muscle area; compare this figure with that of 3f, b.
(X3) interior of pedicle valve.

Lepidocyelus cooperi Howe. Specimen OU 5808: locality C, Unit 3C,
upper 6 feet. a. lateral view showing the low convexity of the
valves, b. dorsal view showing the subquadrate outline; compare
this with figure 4a.

Lepidocyclus capax (Conrad). Specimen OU 5809; locality 4, Unit 3C,
upper 6 feet. a. dorsal view showing the subquadrate outline, b.
lateral view showing the low convexity of the valves; compare the
outline of this specimen with that of 2a.
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11.
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Plate II

Austinella n.sp. Specimen OU 5801; locality A, Unit 3C, upper 6 feet,
a. dorsal view of a brachial valve showing the fine nature of the
costae and costellae, b, anterior view of brachial va]ve, c. lateral
view of the brachial valve,

Austinella n.sp. Specimen OU 5811; locality A, Unit 3C, upper 6 feet.
a. dorsal exterior showing the nature of the costae, b, interior of a
brachial valve (X1), c. interior of a brachial valve (X2).

Austinella n.sp. Specimen OU 5812; locality A, Unit 3C, upper 6 feet.

a. dorsal exterior showing the coarser nature of the costae and costellae.

Austinella n.sp. Specimen OU 5813; locality A, Unit 3C, upper 6 feet.
a. dorsal exterior showing the coarsest costae found in any specimen.
Note the variation in the costae size shown by specimens 1-4.

Austinella n.sp. Specimen OU 5814; locality A, Unit 3C, upper 6 feet.
a. interior of a pedicle valve, b. exterior of a pedicle valve, c.
anterior view of a pedicle valve, d. lateral view of a pedicle valve.

Austinella n.sp. Specimen OU 5815; locality A, Unit 3C, upper 6 feet.
a. interior of a pedicle valve showing the muscle area with a concave
anterior margin, b. pedicle muscle area (X3).

Austinells n.sp. Specimen OU 5816; locality A., Unit 3C, upper 6 feet.
a. interior of a pedicle valve.

Austinella n.sp. Specimen OU 5817; locality A, Unit 3C, upper 6 feet.
a. interior of a pedicle valve, b. pedicle muscle area (X2). Note the
size and shape variation in the muscle areas shown by figures 5-8.

Austinella n.sp. Specimen OU 5818; locality A, Unit 3C, upper 6 feet.
a. interior of a brachial valve (compare this figure with that of 2b,
Plate II), b. cardinalia (X3).

Glyptorthis n.sp. Specimen OU 5819; locality C, Unit 3C, upver 6 feet.
a. ventral view, b. interior of a pedicle valve, c. anterior view of a
pedicle valve, d. lateral view of a pedicle valve.

Glyptorthis n.sp., Specimen OU 5820; locality C, Unit 3C, upper 6 feet.
a. dorsal exterior, b. interior of a brachial valve, c. anterior view
of a brachial valve, d. cardinalia showing a faint cleft in the car-
dinal process (X4).
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Plate III

Platystrophia n.sp. B. Specimen OU 5821; locality C, Unit 3C, upper 6
feet. a. ventral view, b. interior of a pedicle valve, c. posterior
view of a pedicle valve showing the interarea and the teeth, d. an-
terior view of a pedicle valve, e. lateral view of a pedicle valve.

Platystrophia n.sp. B. Specimen OU 5822; locality I, Unit 3CM, 40
feet from top. a. dorsal view, b. lateral view of a brachial valve.

Platystrophia n.sp., B. Specimen OU 5823; locality I, Unit 3CM, 40
feet from top. a. interior of a brachial valve looking normal to the
plane of commissure, b. interior of a brachial valve tilted so as to
show the posterior adductor scars, c. interior of a brachial valve
tilted (X3), d. interior of a brachial valve (X3) looking normal to
the plane of commissure.

Platystrophia n.sp. A. Unit 3C, upper 6 feet. Specimen OU 5824;
locality 4, a. ventral view, b. interior of a pedicle valve, c.
lateral view of a pedicle valve.

Platystrophia n.sp. A, Specimen OU 5825; locality C, Unit 3C, upper
6 feet. a. dorsal view, b. interior of a brachial valve, c. lateral
view.

Plaesiomys bellistriatus Wang. Specimen OU 5826; locality I, Unit
3CM, 40 feet from top. a. ventral view, b. interior of a pedicle
valve, ¢. anterior view, d. lateral view, e. muscle area of the
pedicle valve (X2).

Plaesiomys bellistriatus Wang. Specimen OU 5827; locality I, Unit
3CM, 40 feet from top. a. dorsal view, b. interior of a brachial
valve, c. lateral view, d. posterior view, e. the cardinalia (X2),
f. a specimen tilted so as to show the crenulated myophore (X2).
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Plate IV--(Continued)

Paucicrura n.sp. Specimen OU 5839; locality A, Unit 3C, upver 6
feet. a. interior of a pedicle valve (X2).

Paucicrura n.sp. Specimen OU 5840; locality A, Unit 3C, upper 6
feet. a. interior of a pedicle valve (X2).

Paucicrura n.sp. Specimen OU 5841; locality A, Unit 3C, upper 6
feet. a. interior of a brachial valve (X2).

Diceromyonia cf. D. tersa (Sardeson). Specimen OU 5842; locality
A, Unit 3C, upper 6 feet. a. ventral view, b. dorsal view, c.
anterior view.

Diceromyonia cf. D. tersa (Sardeson). Specimen OU 5843; locality
C, Unit 3C, upper 6 feet. a. interior of a pedicle valve,

Diceromyonia cf. D. tersa (Sardeson). Specimen OU 5844; locality
C, Unit 3C, upper 6 feet, a. interior of a brachial valve, b.
posterior view of the cardinalia (X6), c. interior of a brachial
valve (X2).
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Plate IV

Thaerodonta magna Howe. Specimen OU 5828; locality A, Unit 3C,
upper 6 feet. a. ventral view, b. dorsal view, c. lateral view.

Thaerodonta magna Howe. Specimen OU 5829; locality A, Unit 3C,
upper 6 feet. a. interior of a pedicle valve, b. interior of a
pedicle valve showing the muscle scars (X4).

Thaerodonta magna Howe. Specimen OU 5830; locality C, Unit 3C,
upper 6 feet. a. interior of a brachial valve, b. cardinalia (X2),
c. posterior view of the cardinalia and sockets (X4).

Thaerodonta magna Howe. Specimen OU 5831; locality A, Unit 3C,
upper 6 feet. a. exterior view showing the ornementation, b.
exterior ornamentation (X2), exterior ornamentation (X4).

Thaerodonta magna Howe. Specimen OU 5832; locality C, Unit 3C,
upper 6 feet. a. interior of a pedicle valve showing the numerous
sockets along the hinge (X2).

Thaerodonta magna Howe. Specimen OU 5833; locality A, Unit 3C,
upver 6 feet. a. pedicle interior showing the deep muscle impres-
sions (X3).

Thaerodonta magna Howe. Specimen OU 5834; locality I, Unit 3CM,

40 feet from top. a. ventral exterior (compare the outline of this
specimen to that illustrated as figure 8a, Plate IV, b. posterior
view showing the flatness of an articulated specimen (compare this
figure to that of 8b, Plate IV).

Thaerodonta magna Howe. Specimen OU 5835; locality I, Unit 3C,

40 feet from top. a. ventral view illustrating the variation in the
outline, b, posterior view illustrating the maximum thickness of an
articulated specimen.

Thaerodonta mucronata scabra? Howe. Specimen OU 5836; locality I,
Unit 3CM, 40 feet from top. a. ventral view showing the lamellose
nature of the exterior.

Thaerodonta mucronata scabra? Howe. Specimen OU 5837; locality I,
Unit 3CM, 40 feet from top. a. specimen showing a lamellose exterior.

Paucicrura n.sp. Specimen OU 5838; locality A, Unit 3C, upper 6 feet.
a. dorsal view, b, ventral view, c. posterior view, d. anterior view,
(figures a, b, c, and d are all at X2).
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Plate V

Plaesiomys proavita (Winchell and Schuchert). Specimen OU 5845;
locality 4, Unit 3C, upper 6 feet. a. ventral view, b. posterior
view of a pedicle valve, c. interior of a pedicle valve, d.
lateral view.

Plaesiomys proavita (Winchell and Schuchert). Specimen OU 5845;
locality C, Unit 3C, upper 6 feet. a. dorsal view, b. lateral view
of a brachial valve, c. posterior view of a brachial valve, d. in-
terior of a brachial valve, e. cardinalia showing the grooves along
the margins of the notothyrial platform (X4).

Plaesiomys proavita (Winchell and Schuchert). Specimen OU 5847;
locality A, Unit 3C, upper 6 feet. a. dorsal view, b. ventral view,
c. lateral view, d. posterior view, e. anterior view.

Plaesiomys proavita (Winchell and Schuchert). Specimen OU 5848;
locality C, Unit 3C, upper 6 feet. a. interior of a pedicle valve,
b. pedicle muscle area showing the small adductor impressions (X4).

Plaesiomys proavita (Winchell and Schuchert). Specimen OU 5849;
locality A, Unit 3C, upper 6 feet., a. interior of a brachial valve,
b. cardinalia showing the weak groove offsetting the brachiophores
from the notothyrial platform (X3).

Plaesiomys subgquadrata (Hall). Specimen OU 5850; locality I, Unit
3CM, 40 feet from top. a. ventral view, b. interior of a pedicle

valve, c. lateral view of a pedicle valve, d. posterior view of a

pedicle valve.

Plaesiomys subquadrata (Hall). Specimen OU 5851; locality I, Unit
3CM; 40 feet from top. a. interior of a brachial valve.

Plaesiomys subquadrata (Hall). Specimen OU 5852; locality I, Unit
3CM, 40 feet from top. a. interior of a pedicle valve showing the
pallial markings. "~

Hesperorthis n.sp. A. Specimen OU 5853; locality A, Unit 3C, upper
6 feet, a. ventral view, b, lateral view of a pedicle valve, c.
interior view of a pedicle valve.

Hesperorthis n.sp. A, Specimen OU 5854; locality C, Unit 3C, upper

6 feet. a. dorsal view, b. lateral view of a brachial valve, c.
interior of a brachial valve, d. posterior view showing the cardinal
process, e. interior of a brachial valve showing the brachiophores,
cardinal process, and posterior and anterior lductor muscle scars (X3).

Hesperorthis n.sp. A. Specimen OU 5855; locality A, Unit 3C, upper
6 feet. a. interior of a pedicle valve showing the muscle area
positioned well under the interarea (X3).
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Plate VI

Strophomena n.sp.?. Specimen OU 5856; locality C, Unit 3C, upper
6 feet. a. interior of a pedicle valve, b. ventral exterior, c.
lateral view of a pedicle valve, d. view of the interarea and
pseudodeltidium (X2), e. costation (X6).

Strophomena planumbona (Hall). Specimen OU 5837; locality 4, Unit
3C, upper 6 feet. a. interior of a pedicle valve, b. view showing
the pedicle opening at the apex of the delthyrial cavity, c. view
normal to the interarea showing the delthyrial covering and the
interarea, d. same as (c), (X3).

Strophomena planumbona (Hall). Specimen OU 5858; locality A, Unit

3C, upper 6 feet, a. interior of a brachial valve, b. dorsal exter-
ior, c. anterior view of the cardinal process, d. cardinal process (X2).

Strophomena neglecta (James). Specimen OU 5859; locality I, Unit 3CM,

10.

11.

12,

40 feet from top, a. interior of a pedicle valve, b. view normal
to the interarea showing the pseudodeltidium and interarea.

Strophomena neglecta (James). Specimen OU 5860; locality I, Unit
3CM, 40 feet from top, a. interior of a pedicle valve.

Strophomena neglecta (James). Specimen OU 5861; locality I, Unit
3CM, 40 feet from top, a. interior of a pedicle valve, b. ventral
exterior, c. ornamentation (X2).

Strophomena neglecta (James). Specimen OU 5862; locality I, Unit
3CM, 40 feet from top, a. interior of a brachial valve, b. car-
dinalia (X2), c. posterior view of the cardinal process.

Strophomena neglecta (James). Specimen OU 5863; locality C, Unit
3C, upper 6 feet, a. interior showing the pustulose structure of
shell (X4), b. ornamentation.

Megamyonia n.sp.?. Specimen OU 5864; locality A, Unit 3C, upver 6
feet, a. ventral view of an articulated specimen.

Megamyonia n.sp.?. Specimen OU 5865; locality C, Unit 3C, upper 6
feet, a. interior of the pedicle valve, b. interior of the pedicle
valve (X2).

Megamyonia n.sp.?. Specimen OU 5866; locality A, Unit 3C, upver 6
feet, a. interior of the pedicle valve showing the impressions of
the adductor muscles, also the deeper impressions of the diductor
scars as compared to those illustrated in figure 10a of Plate VI,

Rafinesquina sp. Specimen OU 5867; locality A, unit 3C, upper 6
feet, a. ventral view, b. interior of the pedicle valve.
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Plate VII

Plaesiomys cf. P. subguadrata (Hall). Specimen OU 5868; locality C,
Unit 2, 34 feet below the top of the unit, a. ventral view, b. in-
terior of a pedicle valve, c. posterior view of a pedicle valve.

Plaesiomys cf. P. subquadrata (Hall). Specimen OU 5869; locality C,
Unit 2, 34 feet below the top of the unit, a. view normal to the
line of commissure showing the bilobed cardinal process (x2), b.
brachial valve tilted, again showing the bilobed nature of the
process (X2).

Strophomena cf. S. clermontensis Wang. Specimen OU 5870; locality
G, Unit 2, 45 feet below the top of the unit, a. dorsal view, b.
lateral view, c. ventral view.

Strophomena perconcava Wang. Specimen OU 5871; locality G, Unit 2,
45 feet below the top of the unit, a. dorsal view, b. lateral view,
c. posterior view.

Lepidocyclus oblongus Howe. Specimen OU 5872; locality B, Unit 2,
10 feet from top of unit, a. ventral view, b. dorsal view, c.
posterior view, d. anterior view, e. lateral view.

Lepidocyclus oblongus Howe. Svecimen OU 5873; locality B, Unit 2,
upper 1 foot of unit, a. ventral view, b. dorsal view, c¢. pos-
terior view, d. anterior view, e. lateral view.

Lepidocyclus oblongus Howe. Specimen OU 5874; locality B, Unit 3C,
lower 1 foot of unit, a. dorsal view, b. ventral view, c. poster-
ior view, d. anterior view, e. lateral view. '

Lepidocyclus manniensis? (Foerste). Specimen OU 5875; locality B,
Unit 3C, 10 feet from base of unit, a. ventral view, b. dorsal
view, c. posterior view, d. anterior view, e. lateral view.

?Lepidocyclus perlamellosus (Whitfield). Specimen OU 5876; local-
ity G, Unit 2, 45 feet below the top of the unit, a. dorsal view,
b. ventral view, c¢. lateral view, d. anterior view.

Rhynchotrema increbescens Hall. Specimen OU 5877; locality D, Unit
2, 18 feet above the base of the unit, a. dorsal view, b. ventral
view, c. lateral view, d. posterior view, e. anterior view.

?Lepidocyclus perlamellosus (Whitfield). Specimen OU 5878; locality
B, Unit 2, upver 2 feet, a. dorsal view, b. ventral view, c.
lateral view, d. posterior view, e. interior of a pedicle valve.

Strophomena sp. Specimen OU 5879; locality B, Unit 2, upver 2 feet,
a. posterior view, b. dorsal view.
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Plate VIII--(Continued)

Sowerbyella n.sp.?. Specimen OU 5893; locality C, Unit 2,
15 feet above base of unit, a. dorsal view (X2), b. lateral
view (X2), c. lateral view (X1).

Sowerbyella n.sp.?. Specimen OU 5894; locality C, Unit 2,

15 feet above base of unit, a. interior of a brachial valve (X2),
b. posterior view of the cardinalia (X2), c. interior of a brachial
valve (X1).

Sowerbyella n.sp.?. Specimen OU 5895; locality C, Unit 2, 15
feet above base of unit, a. interior of a pedicle valve (X2),
b. interior of a pedicle valve (X1).

Dinorthis pectinella (Fmmons). Specimen OU 5896; locality D, Unit
1C, 10 feet from top of unit, a. dorsal view, b. interior of a

brachial valve, c. lateral view of a brachial valve, d. posterior
view of a brachial valve, e. interior showing the cardinalia (X2).
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Plate VIII

Platystrophia n.sp. C. Specimen OU 5880; locality C, Unit 2,
10 feet above base of unit, a. dorsal view, b. ventral view,
c. posterior view, d. anterior view, e. lateral view.

Platystrophia n.sp. C. Specimen OU 5881; locality C, Unit 2, 10
feet above base of unit, a. interior of a pedicle valve.

Platystrophia n.sp. C. Specimen OU 5882; locality C, Unit 2, 10
feet above base of unit, a. interior of a brachial valve, b.
interior of a brachial valve tilted so as to show the posterior
adductor scars.

Platystrophia n.sp. C. Specimen OU 5883; locality C, Unit 2, 10
feet above base of unit, a. a posible variant that does not have
the alation of the cardinal extremities.

Leptellina sp. Specimen OU 5884; locality C, Unit 2, 15 feet above
base of unit, a. interior of a brachial valve, b. dorsal view,

¢. lateral view of a brachial valve, d. posterior view of a brachial
valve.

Dinorthis transversa Willard, Specimen OU 5885; locality D, Unit 2,
25 feet above base of unit, a. dorsal view, b. ventral view, c.
lateral view, d. anterior view.

Dinorthis transversa Willard, Specimen OU 5886; locality G, Unit 2,
10 feet above base of unit, a. interior of a brachial valve.

Dinorthis transversa Willard. Specimen OU 5887; locality C, Unit
2, 10 feet above base of unit, a. interior of a pedicle valve.

Oepikina sp. Specimen OU 5888; locality C, Unit 2, 10 feet above
base of unit, a. ventral view, b. lateral view, c. dorsal view.

Qepikina sp. Specimen OU 5889; locality C, Unit 2, 10 feet above
base of unit, a. interior of a brachial valve.

Paucicrura cf, P, rogata (Sardeson). Specimen OU 5890; locality C,
Unit 2, 15 feet above base of unit, a. dorsal view, b. ventral
view, c¢. posterior view, d. anterior view, e. lateral view.

Paucicrurs cf, P, rogata (Sardeson) . Specimen OU 5890; locality C,
Unit 2, 15 feet above base of unit, a. interior of a brachial
unit,

Paucicrura cf. P. rogata (Sardeson). Specimen OU 5892; locality C,
Unit 2, 15 feet above base of unit, a. interior of a pedicle valve.
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Plate IX

Doleroides n.sp. Specimen OU 5910; locality D, Unit-1C, basal

1 foot of unit, a. dorsal view, b. interior of a brachial valve,
c. lateral view of a brachial valve, d. interior of a brachial
valve (X2).

Doleroides n.sp. Specimen OU 5911; locality D, Unit 10, basal 1
foot of unit, a. ventral view, b. interior of a pedicle valve,
c. interior of a pedicle valve (X2).

Strophomena sp. Specimen OU 5913; locality D, Unit 1C, basal 1
foot of unit, a. dorsal view.

Rafinesquina sp. Specimen OU 5914; locality G,

Onniella sp. Specimen OU 5900; locality L; Unit 1C, 40 feet above
base of unit, a. dorsal view, b, ventral view, c. dorsal view
(XZ).

Onniella sp. Specimen OU 5909; locality L, Unit 1C, 40 feet above
base of unit, a. interior of a pedicle valve, b. interior of a
pedicle valve (X2).

Onniella sp. Specimen OU 5910; locality L, Unit 1C, 40 feet above
base of unit, a. interior of a brachial valve, b. interior of a
brachial valve (X2).

Sowerbyella sp. Specimen OU 5897; locality L, Unit 1C, basal 1
foot, a. ventral view, b. dorsal view (X2).

Sowerbyella sp. Specimen OU 5899; locality L, Unit 1C, basal 1
foot, a. interior of a pedicle valve, b. interior of a pedicle
valve (X2).

Sowerbyella sp. Specimen OU 5898; locality L, Unit 1C, basal 1
foot, a. brachial interior, b. brachial interior (X2).

Hegperorthis sp. B. Specimen OU 5912; locality L, Unit 1C, 40
feet above base, a. dorsal view, b. dorsal view (X), ec.
brachial interior (X2).

Onniella sp. Specimen OU 5896; locality D, Unit 1C, basal 1 foot
of unit, a. dorsal view, b. interior of a brachial valve (X1),
c. brachial interior (X2), d. lateral view of a brachial valve,
e. cardinalia, specimen tilted so as to show the myophore (X4),
f. cardinalia, view is normal to the plane of commissure (X4).
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~ APPENDIX I

Stratigraphic Sections

Introduction: Eighteen stratigraphic sections were measured by
the writer and G. Glaser. These sections were described by Glaser (1965).
The following descriptions are taken from Glaser (1965), but include only
those sections from which brachiopods were collected. The stratigraphic
positions of the brachiopods are given after the description of the unit

in which they are found.

Section A: MNE 1/4 sec. 36, T. 3 N., R. 5 E., Pontotoc County; in
Ideal Portland Cement Quarry 5.9 miles southwest of the
southwest corner of Ada along State Highway 12 as measured
from the junction between that highway and State Highway 19.
The bottom 100 feet of the exposed section was measured on the
west quarry face from the lower and upper levels; the top 40
feet was measured on the east quarry face. All measurements
were made along an east-west line where the ramp from the
upper to lower level reaches the quarry floor; this line is
essentially coincident with the northern boundary of section
36. This locality is on the Lawrence uplift. The strata strike
N 120 E. and dip 4° SE, as measured by three point problem in
the east quarry face. Section measured by L. Alberstadt and
G. Glaser, October 1964.

Feet
Unit 3C
Coarse skeletal calcarenite, light gray, slightly
wavy-bedded, massive, containing silicified brachio-
pods; contact with overlying Sylvan Shale covered. 88

The following species occur in the upper 6 feet
of the unit. Lepidocyclus capax, L. gooperi,
Austinells n.sp., Glyptorthis n.sp., Plaesiomys
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Section A: Unit 3C--(Continued) Feet

proavita, Platystrophia n.sp. A, Platystrophia n.sp. B,
Thaerodonta magna, Paucicrura n.sp., Diceromyonia cf. D

tersa, Hesperorthis n.sp., A, Strophomena neglecta,

Strophomena n.sp.?, Strophomena planumbona, Megamyonia
n.sp.?, Rafinesquina sp.

Unit 2
Calcarenitic mudstone, olive-gray, wavy-bedded;
slightly sandy with irregular chert nodules and minor
dolomite in lowest 36 feet. Base covered. 52

Total 140

Section B: SW 1/4 W 1/4 sec. 6, T. 2 N., R, 6 E., Pontotoc
County; measured along northeastward-flowing tributary
to South Fork Creek. To reach this section go approxi-
mately 6.2 miles southwest from Ada on State Highway 12
and turn eastward on the unpaved road leading to Lawrence
and proceed 1.7 miles (0.9 miles beyond Lawrence) by
winding road. From this point the exposure is reached by
walking approximately 0.6 miles due south across an open
field to the creek. Measurements of the upper part of the
Viola Formation in and along the creek bed. This locality
is on the Lawrence uplift approximately 1 mile north of the
Franks graben. The strata strike N. 40° W. and dip 7° ME,
Section measured by L. Alberstadt and G. Glaser, October
1964,

Feet
Unit 3C
Coarse skeletal calcarenite, olive-gray to
pinkish-gray, wavy-bedded, sandy in lower
12 feet; contact with overlying Sylvan Shale
covered. 49

The following species occur in the lower
20 feet of the unit. Lepidocyclus oblongus, L.
manniensis?.

Unit 2
Calcarenitic mudstone, dark gray, wavy-bedded,
snady; near top, gradational with fine muddy
calcarenites which are transitional to Unit 3C;
honeycomb network of solution holes 1/4 to
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Section B: Unit 2--(Continued) Feet
1/2-inch in diameter toward top; base poorly
exposed and not measured. 15
The following species occur in the upper
10 feet of the unit. Lepidocyclus oblongus,?
L. perlamellosus, Strophomena sp., Plaesiomys
¢f. P. subquadratus.
Total 64

Section C: ME 1/4 MW 1/4 sec. 2, T. 1 N., R. 6 E,, Pontotoc County;
measured along northeastern flowing tributary to Sheep Creek.
To reach this section, go 1.5 miles south of Fittstown on State
Highway 99 and turn westward on the unpaved county line road
for about 0.6 miles to where a gate on the south side of the
road bounds an open pasture. From this point, the creek is
reached by walking due south approximately 0.2 miles. This
section is faulted at the base farther upstream to the west and
at the top near the point of entrance. Measurements of the
lower 231 feet were made in and along the creek bed; the remain-
ing 84 feet were measured over a low rounded hill in an offset
section approximately 200 yards south of the stream where it
assumes a more easterly course. This locality is on the north
limb of the Hunton anticline just south of the Franks graben.
The strata strike N. 10° W. and dip 18° NE. Section measured
by L. Alberstadt and G. Glaser, October 1964.
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Unit 3C
Coarse skeletal calcarenite, light gray, slightly
wavy-bedded, containing silicified brachiopods near
the top in friable weathered portion; sandy near
base; contact with overlying Sylvan Shale faulted
out. 84

The following species occur in the upper 6 feet
of the unit. Lepidocyclus capax, L. cooperi, Aug-
tinella n.sp., Glyptorthis n.sp., Plaesiomys proavita,
Platystrophis n.sp. A, Platystrophia n.sp. B, Thaero-
donta magna, Paucicrura n.sp., Diceromyonia cf. D. tersa,
Hesperorthis n.sp. A, Strophomena neglecta, Strophomena
n.sp.?, Strophomena planumbona, Megamyonia n.sp?.
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Section C:--(Continued)

Unit 2
Calcarenitic mudstone, light gray, wavy-bedded,
slightly sandy; honeycomb network of solution
holes in top 17 feet; near top, gradational
with fine muddy calcarenites which are trans-
itional to Unit 3C.

The following species occur in the upper 35
feet of the unit. Plaesiomys cf. P. subguadratus,

Lepidocyclus perlamellosus.

Conglomeratic intraclast calcarenite, pinkish-
gray, slightly wavy-bedded, containing echino-
derms, trilobites, and bryozoans.

Calcarenitic mudstone, yellowish-gray, wavy-
bedded, burrowed, cherty, containing small
gastropods.

Covered

Calcarenitic mudstone, light gray, wavy-bedded,
burrowed, dolomitic, cherty, with abundant
brachiopods covering certain bedding planes.

The following species occur in the lower 15
feet of this unit. Platystrophia n.sp. C, Leptel-
lina sp., Paucicrura cf. P. rogata, Sowerbyella n.sp.?,
Dinorthis cf. D. transversa, Oepikina sp., Rafines-

quina sp.

Total

Unit 1C
Coarse skeletal calcarenite, yellowish-gray,
slightly wavy-bedded, noncherty, containing
abundant bryozoans and echinoderms, and a few
large gastropods; slightly cross-bedded and
burrowed in basal few feet; basal beds in fault
contact with Ordovician McLish (?) Formation.

Total
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23

27

122

26

199

14

297
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Section D: M 1/4 SW 1/4 sec. 12 and NE 1/4 SE 1/4 sec. 11, T. 1 N.,
R. 6 E., Pontotoc County; measured basal 212 feet up to high
angle fault near northern limit of exposure along west side of
State Highway 99, 3.3 miles south of Fittstown; the base of the
section is in the northern half of the SW 1/4 of section 12,

The remaining 190 feet of offset section were measured just east
of Sheep Creek in section 1l along a north-south line approxi-
mately coincident with the east boundary of section 11 (west
boundary of section 12). To reach this offset section, proceed
2.7 miles south of Fittstown; then walk due west across the
grassy field approximately 0.3 miles. The rocks in this clear-
ing represent the upper unit; the beginning of the offset is
approximately 200 yards due south of this clearing. This
locality is on the north limb of the Hunton anticline just south
of the Franks graben. The strata strike N. 57° W. and dip 19°
NE. Section measured by L. Alberstadt and G. Glaser, October
196/ and January 1965.

Unit 3C
Coarse skeletal calcarenite, light gray, slightly
wavy-bedded, friable when weathered, containing
silicified brachiopods; contact with Sylvan Shale
covered or faulted. 66

The following species were seen on whe out-
crop, but were not collected: Lepidocyclus cooperi,
Austinella n.sp., Plaesiomys proavita, and Thaero-
donta magna.

Unit 2

Calcarenitic mudstone, light gray, wavy-bedded,

burrowed, dolomitic, irregular chert nodules common

in lower half; honeycomb network of solution holes

in top 32 feet; dolomite-shaly material appears as

"pasty" infilling (? plastic clay of Wengard, 1948)

between nodular limestone; certain bedding planes

covered with brachiopod shells at about 100 feet

above base of unit; heavy iron stain from oxidizing

pyrite along bedding surface 6 feet above unit base. 174

The following species was collected from 25
feet above the base of the unit: Dinorthis trans-
versa. The following species occur in the lower 40
feet of the unit: Platystrophia n.sp. C, Sowerbyella
n.sp.?, Rhynchotrema increbescens, Paucicrura cf. P.
rogata, Rafinesquina sp.
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Section D:--(Continued) Feet

Unit 1C
Coarse skeletal calcarenite, pinkish-gray, slightly
wavy-bedded, noncherty, containing abundant
bryozoans. 45

The following species occurs in the upper 10-
15 feet of the unit: Dinorthis pectinella.

Coarse skeletal calcisiltite and fine skeletal

calcarenite, pinkish-gray, slightly wavy-bedded,

chert in layers and discrete nodules; skeletal

debris mostly hash with ostracodes locally

abundant., 85

Fine to medium calcarenite, pinkish-gray,

slightly wavy-bedded; chert in layers; ostracodes,

echioderms, and small brachiopods dominate the

fauna. 5

Coarse skeletal calcisiltite, pinkish-gray,
slightly wavy-bedded, chert in layers and as
nodules; skeletal hash. . 25

Faintly laminated mudstone, gray, slightly

siliceous, planan-bedded, with burrowed highly

irregular bedding surface near middle suggestive

of small unconformity; cherty, graptolites.

This represents a temporary incursion of Unit 1L

rocks into this area. 2

Coarse skeletal calcarenite, brown, slightly wavy-
bedded, cherty, abundant skeletal phosphatization,
irregular contact with olive green clay-like
material suggestive of unconformable bresk; grapto-
lites abundant along bedding surface; echinoderms
dominate the calcarenite.

The following species occur in the basal 1
foot of the unit: Doleroideg n.sp., Onniella sp.,

Sowerbyella sp.

Total 162

Total 402
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Section G: M 1/4 NE 1// sec. 4, T. 2 S,, R. 3 E., Murray County;
measured in and along the northward-flowing tributary to Little
Buckhorn Creek on Buckhorn Ranch. The base of the measured
section is 400 yards south of the north boundary and 780 yards
west of the east boundary to section 4. To reach this section,
go south from Sulphur on U. S. Highway 177 (formerly State
Highway 18) 7.4 miles from the junction with State Highway 7
at the north entrance to Platt National Park; then turn west-
ward on the unpaved road leading to Buckhorn Ranch and proceed
2.2 miles to the ranch headquarters. From this point, turn
northwestward along a winding road and go about 0.6 miles to a
man-made lake. From this point proceed northeastward by foot
approximately 0.4 miles along the creek to the first beds meas-
ured in this section. This locality is on the north limb of
the Tishomingo anticline. The strata range in strike from
N. 33° to N. 72° W. and increase in dip from 9° to 40° MNE.
toward the top of the section. Section measured by L. Alber-
stadt and G. Glaser, October 196/.
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Unit 3C
Coarse skeletal calcarenite, pinkish-gray to gray,
wavy-bedded, nodular, slightly dolomitic, contain-
ing abundant echinoderms and trilobites; topmost bed
is fine skeletal calcarenite which looks like cal-
carenitic mudstone in hand specimen; exact contact
with overlying Sylvan Shale covered although typical
Sylvan occurs in stream cut approximately 100 yards
farther downstream. 19

The following species were seen on the outcrop
but were not. collected: Lepidocyclus cooperi, L.
capax, Paucicrura n.sp., Thaerodonta magna, Strophomena
planumbona, Austinella n.sp. All were on a bedding plane
13 feet below the top of the unit.

Unit 2
Calcarenitic mudstone, yellowish-gray, wavy-bedded,
nodular; chert in layers and as nodules. 105

The following species occur in an interval 41-56
feet below the top of the unit: Plaesiomys bellistri-

atus, Strophomena cf. S. perconcava, Strophomena
clermontensis, and ?Lepidocyclus perlamellosus.

Calcarenitic mudstone, yellowish-grah, wavy-bedded,
noncherty. 96
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Section G: Unit 2--(Continued) Feet,

Calcarenitic mudstone, yellowish-gray, wavy-bedded,

burrowed, containing abundant brachiopods and

pinkish-red trilobite hash in some beds; chert as

nodules; near the top and bottom occur thin layers

with high skeletal content and less than 50 percent

mud which are medium muddy calcarenites. 99

Calcarenitic mudstone, yellowish~-gray, wavy-bedded,

sandy, noncherty except a few nodules in the lower

25 feet; extensively burrowed, dolomitic; inter-

bedded with 1/2 to l-inch thick limestones with

shaly structure; contains abundant brachiopods in

some beds; probably close to base of unit although

it is not exposed. 101

Total 401

Unit 1L
Upper part partially exposed (about 10 feet)
approximately 400 yards upstream, but not
measured, It is the typical laminated mudstone. -—-

Total

Section I: E 1/2 SW 1/4 sec. 22, T. 2 S., R. 1 W., Carter County;
measured 0.3 miles northwest of the dam on Mountain Lake. To
reach this locality, go 12.5 miles south of Davis on U, S, 77
and turn westward onto State Highway 53 and go 8 miles to
Woodford; then turn northward and proceed about 3 miles to
Mountain Lake. The section may be reached by ascending the
steps on the west side of the dam and walking 0.3 miles to the
base of the section in the NE 1/4 of the SW 1/4 of the section.
This locality is on the south limb of the Arbuckle anticline.
The strata strike N. 50° W. and dip 27° SW. Section measured
by L. Alberstadt and G. Glaser, October 1964.
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Unit 3CM
Calcarenitic mudstone, tan, wavy-bedded, burrowed,
dolomitic, containing echinoderms and trilobites;
noduler chert near base; contact with overlying
Sylvan Shale covered, 37
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Section I: Unit 3CM--(Continued) Feet

Coarse skeletal calcarenite, dark tan, slightly
wavy-bedded, dolomitic, containing echinoderms,
trilobites, and a few large cephalopods. 7

The following species were collected from
the lower 7 feet of this unit: Lepidocyclus
cooperi, L. capax, Austinella n.sp., Thaerodonta

magna, Platystrophia n.sp. A, Platystrophia n.sp.
B, Hesperorthis n.sp. A, Glyptorthis n.sp.,

Paucicrura n.sp. Megamyonia n.sp.?, Diceromyonia
cf. D. tersa, Plaesiomys proavita, P. subguadratus,

P. bellistriatus.

Total Ly
Unit 2
Calcarenitic mudstone, dark tan, wavy-bedded,
burrowed, slightly dolomitic. 150
Covered. 23
Calcarenitic mudstone, dark tan, wavy-bedded,
burrowed; nodular chert. 75
Calcarenitic mudstone, tan, wavy-bedded,
burrowed, sandy, noncherty. 148
Calcarenitic mudstone, dark tan, wavy-bedded,
burrowed, sandy; nodular chert. 77
Total 473

Unit 1L
Siliceous laminated mudstone, brownish-gray,
planar-bedded, containing graptolites, chert in
layers; interbedded with 1/2 to l-inch layers
of limestone with shaly structure; basal 50 feet
is bituminous and has asphaltic odor when broken
open; excellent exposure of sharp contact with
underlying Corbin Ranch Formation. 200

Total 717
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Section L: S 1/2 secs. 19 and 20, T. 1 S., R. 8 E., Coal County;
measured in and along Mosley Creek. To reach this locality,
go 2 miles south of Connerville on State Highway 99 and turn
eastward on an unpaved road leading to the Dolese Brothers
Bromide Quarry for 8 miles; then go 0.5 miles east of Bromide
and turn northward for approximately 3 miles following the
winding road past the Bromide school. The rocks at this point
represent the upper unit. To reach the base of the formation,
walk westward along Mosley Creek for about 1.5 miles., This
locality is on the western margin of the Clarita anticlina.
The strata strike N. 11° E. and dip 3° 38' SE as determined by
three-point problem on the outerop. Section measured by
L. Alberstadt and G. Glaser, February and March 1965.

Unit 3C
Coarse skeletal calcarenite, gray, slightly wavy-
bedded, containing silicified brachiopods; topmost
bed almost completely dolomitized in places; con-
tact with overlying Sylvan Shale covered. 64

The following species were seen on the outcrop
in the upper 6 feet of the unit: Lepidoecyclus
cooperi, Austinella n.sp., Thaerodonta magna.

Unit 2
Calcarenitic mudstone, tan to gray, wavy-bedded,
burrowed, containing gastropods, brachiopods,
trilobites, and a few large cephalopods; nodular
chert common; near top, gradational with fine
muddy calcarenites which are transitional to
Unit 3C. 121

The following species were collected from
the upper 20 feet of the unit: ?Lepidocyclus
perlamellosus, Rhynchotrema increbescens.

Unit 1C
Dolomite, pinkish-gray, wavy-bedded, original
texture and fabric almost wholly obliterated
although what remains suggests original rock
throughout this sequence probably was coarse
calcarenites interbedded with a few calcarenitic
mudstones; nodular chert in some beds; fauns
consists of ostracodes, brachiopods, and trilo-
bites. This represents the only occurrence of
practically pure dolomite in any appreciable
thickness in the Viola Formation throughout the
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Section L: Unit 1Ce7(Continu§d)

area studied in the Arbuckle Mountains. Other

replacement occurrences generally are patchy,

less than 15 percent of the rock, and usually

are confined to the mud fraction. 101

Calcarenitic mudstone, dark brown, wavy-bedded,
containing trilobites; exposed in stream. 7

Coarse skeletal calcisiltite, light gray,
wavy-bedded, containing fossil hash and some
nodular chert. 10

Siliceous laminated mudstone, dark gray,

planan-bedded; interbedded with layers of

coarse skeletal calcisiltite 1- to 2-millimeters

thick., This represents a temporary incursion of

Unit 1L into this area. 10

Coarse skeletal calcisiltite and fine skeletal

calcarenite, pinkish~gray, slightly wavy-

bedded, cherty, containing sbundant bryozoans

in some beds, but mostly fine fossil hash;

exposure of contact with underlying Corbin Ranch

Formation sharp although that formation appears

to be thinner at this locality indicating pos-

sible greater amount of truncation here than seen

at other sections. 40

The following species were collected from
the lower 1 foot of the unit: Doleroides n.sp.,
Sowerbyella sp., Onniella sp. The following
species were collected from 40 feet above the base
of the unit: Onniella sp., Hesperorthis sp. B.

Total 168

Total 353




APPENDIX II

TABULATION OF DATA

All measurements are given in millimeters. The writer did not

measure all of the specimens collected from the Arbuckle Mountains.

The data given below for each species is a representative sample for

that species.

This means that whenever possible, the writer assembled

a growth series from the available shells.

Hesperorthis n.sp. 4

Locality A, Unit 3C, upper 6 feet; pedicle valve

Length

9.5
10.9
13.0
13.0
12.7
14.7
14.3
14.3
14.2

Number of Length of
Width Thickness Marginal Costae Interarea
11.5 3.9 37 3.1
14.2 4.6 40 3.0
14.9 4.8 38 4.3
13.8 4.8 -- bl
16.0 5.3 39 4.9
15.8 5.7 41 4.6
18.0 6.0 39 5.7
17.4 5.8 40 4.8
17.3 5.4 40 . 5.1

275
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Mumber of Length of
Length Width Thickness Marginal Costae Interarea
15.2 18.2 5.9 41 4.9
15.0 16.9 5.5 41 4.8
15.6 17.7 6.4 41 5.2
15.6 17.6 5.7 -- -
15.7 17.5 5.5 40 5.0
17.0 18.8 6.5 42 5.1
16.8 18.7 6.9 33 5.4
17.2 19.0 7.0 39 5.4
16.0 19.9 6.2 42 5.2
16.1 20,1 —— -- ——-
17.5 20.5 6.8 42 5.7
16.5 20.4 6.9 40 4.8
17.2 20.4 5.2 39 5.6
17.0 20.5 5.6 39 5.8
18.3 22.3 5.7 41 6.2
19.9 23.0 7.3 40 5.9
18.8 21.9 6.8 39 5.8
19.7 - 745 36 5.9
21.4 22.6 8.1 40 6.3
20.7 22.0 7.7 40 6.3
20.6 24.0 8.0 - -

23.9 27.1 8.1 42 7.0
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Locality C, Unit 3C, upper 6 feet; pedicle valve

Number of Length of

Length Width Thickness Marginal Costae Interaresa
19.2 22.9 8.1 - _—
20.5 22.8 8.1 - —
17.7 19.8 6.9 - —
11.5 14.2 4.9 - —
12.2 14.6 4.9 -- —
13.0 14.5 4.8 - _—
12.6 14.9 4.6 - —
13.0 15.6 5.2 - —
14.1 15.8 5.5 -- —
15.9 18.5 5.6 - _—
15.8 17.6 6.0 - —

- 19.3 6.9 - _—
17.0 19.4 6.2 - ——
17.0 21.6 6.4 - —
19.2 23.6 6.9 -- _—

Locality A, Unit 3C, upper 6 feet; brachial valve

Length of Length of
Length Width Interarea Brachiophore
11.9 17.9 2.7 1.4
14.8 20.9 2.5 1.4
1206 18.6 2!3 _—

13.2 - 3.0 -—
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Length of Length of

Length Width Interarea Brachiophore
12.6 21.2 3.2 1.4
13.0 19.2 — —
14.1 21.2 3.4 2.7
14.4 23.3 3.1 ———
16.6 24.0 3.5 _—
15.1 -- 3.2 -—
11.0 17.4 2.9 —
10.5 19.6 2.0 1.5
11.4 20.6 2.7 1.8
13.1 19.5 3.1 3.0
11.7 20.1 3.0 _—
12.9 19.8 1.7 3.1
15.3 20.6 3.4 3.1
17.4 27.2 3.7 1.8

Glyptorthis n.sp.

Locality A, Unit 3C, upper 6 feet; pedicle valve

Distance No. Costae
Length of Muscle Scar in 3mm. at
Length Width Thickness Interarea Extends Past 5mm. from
Interarea Beak
7.7 903 2.8 103 _— 13
701& 900 203 200 - 7
808 1000 209 108 - 8

804 10.0 303 2.2 .o = 8
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Distance No. Costae

Length of Muscle Scar in 3mm. at

Length Width Thickness Interarea Extends Past 5mm. from
Interarea Beak
9.6 11.0 4.3 2.5 1.7 8
9.3 11.0 3.5 2.7 1.6 9
10.0 11.5 3.5 2.9 -—- 7
10.3 12.4 4.3 2.8 1.7 8
10.5 12.2 3.8 2.7 -—= 9
10.8 12,5 4.3 2.7 -— 8
11.7 13.7 4.1 3.1 1.8 9
11.5 12.9 4.1 3.1 1.8 7
12.5 14.9 5.0 3.3 1.0 8
12.5 14.6 4.2 3.4 -—- 8
13.7 14.2 —— 4.1 —— -
13.6 16.2 5.8 3.5 2.3 9
15.9 17.5 6.2 4.6 3.2 7
15.5 17.2 5.6 3.9 ——— 8
16.1 19.0 5.9 4.0 3.1 —
20.0 22.8 6.7 5.4 3.6 6
16.6 17.6 6.3 4.5 2.7 7
17.8 19.1 7.4 5.3 4.0 8
18.7 18.6 6.5 5.5 4.5 8
18.5 20.7 5.8 5.7 3.7 7
22.9 23.0 7.1 -— - -
21.8 23.7 6.9 5.4 - 6
22.9 24.9 7.3 5.9 5.4 8



280

Locality C, Unit 3C, upper 6 feet; pedicle valve

Distance
Length of Muscle Scar

Length Width Thickness Interarea Extends Past

_Interarea _
20.0 22.0 5.7 5.2 _—
20.4 2.3 6.5 6.8 ) 3.9
17.4 18.9 5.5 4.8 -
15.3 16.8 5.2 L5 —_—

8.8 10.7 3.2 3.4 -—

9.6 11.3 3.4 -— —

9.3 11.3 3.8 3.3 -—
14.5 16.6 4.6 _— ——
10.4 12.4 3.6 — _—
11.9 13.2 bid 3.8 2.2
16.2 16.1 4.5 — —
16.7 18.4 4.8 — —

8.7 11.0 2.8 — —

8.8 11.0 3.3 — —
11.2 13.0 3.6 - ———
16.6 19.7 5.3 4.1 2.3

9.7 12.3 3.3 -— ———

8.5 10.6 3.0 ——— —
13.8 - 4.6 _— —

17.6 19.1 5.8 5.0 3.2
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Locality A, Unit 3C, upper 6 feet; brachial valve

In measuring the width of the sulcus the writer considered the
margins of the sulcus to be the highest points above the lowest median
portion. Because this limit cannot always be defined accurately, the
measurements are given only to the nearest whole number.

Width of Sulcus

Length Width Thickness at Anterior Margin
5.6 8.0 2.4 ——-
7.9 10.4 2.9 5
7.7 11.4 2.7 5
8.9 11.4 3.3 5
8.8 11.3 3.0 5
9.2 12.2 3.5 —
8.4 11.9 3.5 5
8.7 11.9 - ——
9.9 13.3 3.8 5

10.4 14.1 3.8 6
11.0 14.5 4.1 6
12.5 15.2 5.1 7
12.9 15.0 4.3 7
11.6 15.6 4.3 5
13.8 17.6 5.6 7
12.7 16.8 5.2 7
13.1 16.2 5.1 —
-- 18.0 5.1 ——

12.1 16.5 4.2 7
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Width of Sulcus

Length Width Thickness at Anterior Margin
15.0 17.0 5.9 7
16.6 - 5.9 8
15.7 19.6 6.3 7
16.2 20.0 6.2 7
15.8 20.0 6.2 7
15.7 20.8 6.4 8
19.0 23.7 8.0 10

Locality C, Unit 3C, upper 6 feet; brachial valve

Width of Sulcus

Length Width Thickness at Anterior Margin
7.8 10.5 2.6 _—
12.0 16.4 b —-—
11.0 15.5 3.7 -
12.9 17.3 4.5 -=-
10.0 14.7 3.9 _—
15.2 19.4 6.2 —
15.4 19.5 6.1 -
8.7 - 3.0 -—-
9.5 13.3 3.4 -
14.7 19.7 6.0 —
13.1 16.7 4.7 -—-
10.7 14.8 A —
11.7 15.5 4.9 —-—
9.4 - - —_—
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Width of Sulcus

Length Width Thickness at Anterior Margin
-- 19.6 5.3 -—
9.4 -= 3.4 -—=
9.7 -- 3.3 ---
6.3 9.1 .3 —

Plaesiomys proavita

Locality A, Unit 3C, upper 6 feet; pedicle valve

Because the pedicle valve is nearly flat the writer did not
take any thickness measurements. The one thickness measurement that

is reported below is for an articulated specimen.

Length Width Thickness
9.1 11.0 ——
9.8 12.6 ——

11.0 13.4 --=
11.0 - _—

- 18.0 -—
12.9 - _—
14.6 18.7 -—
15.0 18.6 —
14.6 18.9 -—

15.8 18.5 —
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Length Width Thickness
14.6 19.5 -
15.0 18.0 _—
17.3 -- _—
16.0 21.8 _—
15.0 19.1 6.1
15.3 20.5 _—
16.7 20.7 _—
15.7 21.8 _—

Locality A, Unit 3C, upper 6 feet; brachial valve

_ No. Costae in No. Costae

Length Width Thickness 5mm, at 10mm. Around

from Beak Margin
9.7 11.9 -— - 41
10.9 13.9 2.4 - 37
11.4 14.8 2.5 6 41
13.3 15.6 -— 5 36
13.5 17.1 3.5 5 34
13.2 18.1 3.5 6 b
14.4 18.7 3.7 6 L7
15.8 18.5 3.1 6 bl
15.0 17.8 A 6 42
15.0 18.7 4.2 6 54
15.9 19.7 4.1 5 . 40

15.4 18.5 4.7 6 bh
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Length Width Thickness No. Costae in No. Costae

5mm. at 10mm. Around

—-— from Beak Margin
15.9 20.2 3.7 6 41
15.8 20.2 4.0 5 42
17.0 19.6 6.0 5 45
17.3 19.5 4.7 6 47
16.0 19.7 bid 5 37
17.5 21.6 5.2 6 50
15.4 19.0 L.6 6 40
15.8 20.4 3.5 8 59
17.7 20.2 5.3 6 -
16.8 21.3 4.6 6 53
17.1 21.6 4.8 5 42
16.8 21.1 4.9 5 43
16.5 20.5 5.0 6 46
18.4 21.5 | 5.7 6 39
18.5 23.8 4.8 6 57

Locality C, Unit 3C, upper 6 feet: brachial valve

No. Costae in No. Costae
Length Width Thickness 5mm. at 10mm. Around
from Beak Margin
9.6 11.9 2.1 - -
14.0 - 3.2 - -
11.3 12.7 2.2 - -

12.1 15.8 3.0 - -
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No. Costae in No. Costae

Length Width Thickness 5mm. at 10mm. Around

from Beak , Margin
13.8 17.0 3.4 6 42
15.6 18.8 3.8 5 42
14.3 18.4 3.4 6 Uy
14.6 18.0 3.5 5 40
14.0 17.7 3.4 5 --
16.5 19.8 4.6 5 41
16.4 20.9 4.9 6 50
16.0 20.6 4.1 5 42
16.0 20.4 4.9 6 50
17.4 21.7 5.0 6 48
19.1 24,.6 4.9 6 56
22.0 27.2 5.8 - 54
14.4 17.0 4.3 6 bt
15.3 19.4 4.3 6 48
14.6 18.4 3.9 5 50
14.5 18.2 3.8 7 VA

Plaesiomys subquadratus

Locality I, Unit 3CM, the lower 7 feet of the unit; pedicle valve

: ’ : ' No. Costae in
Length Width Thickness 10mm. at 1Omm.
from Beak

-- -- -- 15
22.7 29.3 - 13
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Locality I, Unit 3CM, the lower 7 feet of the unit; brachial valve

No. Costae in

Length Width Thickness  10mm. at 1Omm.
from Beak
2.8 31.8 8.7 16

Austinella n.sp.

Locality A, Unit 3C, upper 6 feet, pedicle valve

The length of the pedicle muscle filed is the distance from the

beak of the valve to the anterior margin of the field.

Length of No. Costae
Length Width Thickness Muscle Field Around Margin
10.6 12.7 3.3 4.1 -
13.0 17.0 4.1 —— -
-- 21.0 5.0 7.2 --
15.3 18.5 4.5 5.4 55
15.7 18.6 4.9 - 5.4 -
17.3 18.8 4.6 6.3 59
17.3 20.2 5.4 -— -
17.9 20.3 5.2 6.7 65
- 21.6 5.0 7.2 -
18.9 21.6 5.5 7.2 53
-- 23.2 5.4 7.0 70
- 23.0 5.4 -— -
-= -- 5.7 7.6 --

- 24.0 5.5 8.5 --
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Length of No. Costae

Length Width Thickness Muscle Field Around Margin
23.0 27.2 6.6 9.2 70
22.8 26.0 6.9 9.5 --
23.4 26.0 6.8 9.6 73
23.4 27.4 7.2 9.8 --
- 244 -— 10.0 -=
26.9 30.3 --= 10.0 73
-- 29.2 8.5 9.6 -
30.0 32.0 7.0 12.2 -—
28.9 -- 8.8 110.2 -
29.9 33.3 8.0 11.0 86
32.5 37.0 8.6 12.7 -

Locality A, Unit 3C, upper 6 feet; brachial valve

Length of No. Costae
Length Width Thickness Interarea Around Margin
8.5 10.0 1.9 ——- --
9.0 10.9 2.0 1.2 -
7.9 10.4 1.6 1.0 --
9.2 13.0 2.1 1.3 --
9.0 12.9 1.7 1.2 --
11.6 15.0 2.8 1.8 -
11.5 17.2 1.8 1.6 -
13.3 17.8 2.0 1.8 --
12.6 16.4 2.6 2.0 -

1209 1505 205 107 -
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Length of No. Costae
Length Width Thickness Interarea Around Margin
12.2 16.9 2.5 2.0 62
-- 15.8 2.5 1.5 ==
12.0 16.9 3.2 1.8 --
13.1 16.5 2.2 1.8 63
14.3 19.2 2.7 2.0 --
15.2 20.0 2.5 1.8 -
- 20.5 3.0 1.8 -
15.5 18.5 2.7 1.8 --
15.6 19.4 2.6 1.8 --
17.0 20.0 3.0 1.8 69
16.9 20.8 3.0 -—- --
17.8 19.8 3.3 2.1 --
17.4 21.0 3.0 2.2 -
17.7 23.8 3.7 2.4 65
18.4 22.6 3.5 2.2 --
19.6 23.8 IA 2.3 -
19.3 22.8 3.5 _— —
- 27.2 43 2.1 --
21.0 24.8 4.0 2.4 72
21.2 25.7 45 2.3 -
245 28.6 5.8 3.0 --
25.9 30.2 6.0 3.6 --
23.8 31.6 4.6 2.7 --

26.2 33.3 5.8 3.2 -
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Length of No. Costae

Length Width Thickness Interarea Around Margin
28.0 34.0 5.5 3.3 77
29.3 35.3 6.7 3.3 -
18.4 21.7 3.0 2.3 -
21.9 27.9 4.5 2.2 -
18.2 22.0 3.4 2.2 -—
19.0 24.2 4.2 2.4 -
22.8 29.4 4.6 2.9 --
-~ 6.6 3.6 2.3 -
-- 27.4 4.3 2.8 -
25.5 31.8 5.3 3.3 --
21.5 27.0 4.7 2.3 --
- 32.1 5.8 3.6 —
21.4 26.2 3.9 2.7 -
-- 31.2 5.7 2.9 -
25.0 30.0 5.8 3.6 --
26.0 28.7 3.6 2.5 -
20.4 28.6 4.3 2.2 -—
-- 24.6 6.3 2.1 -
20.0 I 3.8 —— -
20.0 R5.2 4.3 2.4 66
-- 4.2 5.0 2.8 -
18.1 -- 3.2 2.1 -
19.4 25.2 3.9 1.8 --

-- 23.2 2.9 1.8 -
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Length of No. Costae

Length Width Thickness Interarea Around Margin
18.5 23.2 3.2 1.8 --
24.3 32.2 5.3 — -
23.0 27.8 5.2 — -
18.9 Rh .4 4.0 2.5 -
15.6 21.2 3.9 2.0 --
20.2 247 3.9 2.4 --
18.2 21.4 3.1 1.8 -
19.0 24.0 3.5 2.1 --
15.4 18.8 3.4 1.8 -
17.4 19.4 3.4 1.8 -
19.2 23.1 3.9 2.5 --
-= 25.6 3.8 2.2 -
15.4 19.3 2.5 1.9 -
19.2 -- -— 2.0 -
14.0 18.8 3.3 1.8 _—
12.7 17.2 2.6 1.8 --

Platystrophia n.sp. A

Locality A, Unit 3C, upper 6 feet; pedicle valve

Width Sulcus Number
Length  Width Length of Length of at Anterior Plications
Interarea Muscle Scar Margin on Flanks

14.3 25.0 2.7 6.3 10.2 10
14.6 25.1 2.8 5.9 10.2 12
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Width Sulcus Number
Length  Width Length of Length of at Anterior Plications
Interarea Muscle Scar Margin on Flanks
10.1 20.0 1.9 4.5 7.3 10
14.5 16.5 2.8 6.8 10.8 13
Locality C, Unit 3C, upver 6 feet; pedicle valve
Width Sulcus Number
Length Width Length of Length of at Anterior Plications
Interarea Muscle Scar Margin on Flanks
10.1 19.1 1.5 4.0 7.1 10
- 27.0 2.9 6.1 -— 11
9-7 1905 l.8 A,.O === lo
12.7 23.3 2.3 4.9 7.9 11
14.0 25-0 2-9 = 709 12
14.3 27.8 3.0 -— 11.2 12

Locality A, Unit 3C, upper 6 feet; brachial valve

Meximum Height

Length Width Length of of Fold
Interarea Above Flanks
14.0 25.2 2.3 6.4
15.2 29.6 2.2 8.3
12.3 25.9 1.7 6.1
11.8 21.8 1.5 3.8
12.2 25.0 1.8 ———
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Locality C, Unit 3C, upper 6 feet; brachial valve

Length

12,8
12.3

8.9
10.3
12.4

407

Locality A, Unit 3C, uppe

Width Length of

Interarea
22,2 1.7
23.6 1.7
21.0 1.2
20.8 1.2
27.6 1.8
7.2 -

Platystrophia n.sp. B

r 6 feet; pedicle valve

Maximum Height
of Fold
Above Flanks
602
6.4
2.9

8.4

Number Width Sulcus
Length  Width  Interarea  Length Muscle Costae (Anterior
Length Field on_Flanks Margin)
18.7 23.9 4.0 8.3 11.9
12.7 18.7 1.5 5.7 8.3
14.9 21.2 2.8 7.0 9.6

Locality C, Unit 3C, uppe

r 6 feet; pedicle valve

Number Width Sulcus
Length  Width Interarea Length Muscle Costae (Anterior
Length Field on Flanks Margin)
hated 11‘-52 103 3.6 -
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Locality A, Unit 3C, upper 6 feet; brachial valve

Length Width Interarea No. Costae on Width of Fold
Length Flanks (Ant. Margin)
13.6 18.0 1.5 8 6.5
15.4 19.6 1.3 9 9.0
16.9 21.6 1.8 9 10.0
17.2 21.4 2.0 - 10.2

- e v e wm e em e

Locality C, Unit 3C, upper 6 feet; brachial valve

Length Width Interarea No. Costae on Width of Fold
Length Flanks (Ant. Margin)
17.0 2.4 1.8 10 —
17.2 22,3 1.8 - —
17.4 22.0 2.4 8 10.0

- o e s e em e

Platystrophia n.sp. C

Locality C, Unit 2, the lower 15 feet of the unit; articulated specimens

length Width Thickness
7.2 12.2 L.4
8.7 14.0 7.0

.10.1 18.5 8.2
11.6 21.8 8.3
13.7 29.5 13.7
7.9 16.8 -

10.3 19.4 9.5

- e ew s o e e e
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Locality C, Unit 2, the lower 15 feet of the unit; pedicle valve

Length Width Interaresa Length of
Length Muscle Scar
11.2 20.5 1.2 4.3
11.8 24.8 1.8 4.5
12.3 23.4 1.5 5.0
11.3 19.6 1.2 4.7
9.5 16.6 1.2 3.3
9.4 13.8 . 1.0 4.1
12.1 18.8 1.8 5.3
12.0 - 2.2 5.7
8.7 14.5 --- 3.6
9.8 20.6 1.3 3.6
11.0 -- 1.1 3.7
12.4 24.6 1.8 5.0
11.5 22,3 1.6 4.8
9.4 17.3 1.6 4.3
12.6 24.3 1.7 5.2
10.3 19.2 2.1 4.5
13.1 23.6 1.8 5.2
12.5 20.6 1.8 5.3
10.6 17.9 1.5 45
13.7 22,0 2.6 5.9
11.8 19.2 1.4 4.1
12.0 22.6 2.0 5.6

1304- = 2.7 - mn o
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Locality C, Unit 2, the lower 15 feet of the unit; brachial valve

Length Interarea Length
11.9 1.3
12.0 1.4
12.6 1.4
10.5 1.0
14.3 1.6
13.2 1.5
12.7 1.2
11.8 1.4
11.3 1.0
11.0 1.3
10.4 1.2
12.4 1.3
12.3 1.4
12.0 1.6

7.7 .8
11.7 1.2
13.8 1.3
13.3 1.7

14.6 1.8
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Paucicrura cf. rogata

Locality C, Unit 2, the lower 15 feet of the unit; articulated specimens

Length Width Thickness
9.4 10.5 3.9
8.6 9.1 4.0
8.9 9.4 3.8
7.8 8.5 3.0
7.8 8.3 3.4
8.8 9.3 3.8
5.9 6.6 2.4
8.9 9.6 3.8
7.5 7.8 3.4
6.5 7.7 3.8
5.5 6.4 2.5
9.1 10.8 4.1
8.9 10.4 3.4
9.6 10.9 3.8
8.6 9.2 3.8
7.4 8.0 3.3
8.2 8.7 3.5
6.0 6.6 2.7
8.2 8.6 3.5
5.5 6.5 2.4

8.9 9.6 4.2
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Length Width Thickness
8.6 9.1 3.3
7.4 8.3 3.4
8.9 9.9 3.9
4.7 5.3 2.3
L7 5.3 2.3
4.7 5.7 2.3
6.2 7.0 2.5
5.5 6.6 —
4.8 5.4 2.1
6.9 7.9 3.3
8.0 9.1 3.5
- 5.3 R4
8.2 9.3 3.0
8.3 9.7 3.7
7.5 8.5 3.4
6.7 7.3 2.9
9.3 10.3 3.8
8.3 9.5 3.4
5.0 6.1 2.5
7.8 8.6 3.5
7.7 8.8 3.0
7.8 8.0 3.7
9.1 10.1 3.6

8.3 9.2 3.6
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Length Width Thickness
7.0 7.6 3.2
7.9 8.5 3.9
6.1 6.7 2.8
-—- 6.5 3.1
5.5 7.1 2.5
7.1 7.8 3.2
5.8 7.8 2.5
8.3 9.1 3.8
5.4 5.8 2.7
7.1 8.1 3.0
8.7 9.7 4.2
6.5 7.2 3.1
6.9 7.2 3.4
8.5 9.2 3.7
7.0 7.9 3.4
7.4 8.1 2.9
9.3 10.0 4.0
6.9 7.6 3.3

Paucicrura n.sp.

Locality A, Unit 3C, upver 6 feet; articulated specimens

Length Width Thickness
8.4 10.5 2.5

8.8 10.7 2.7
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Length Width Thickness
7.9 9.9 2.8
9.2 10.2 3.1
6.7 8.2 2.3
7.5 8.5 2.8
7.3 9.4 2.0
7.3 8.7 3.0
9.0 10.8 2.6
8.9 10.5 3.1
7.7 8.3 2.5
7.4 9.4 2.4
7.8 8.2 2.3
8.7 10.4 3.1
8.4 9.3 3.0
6.6 8.2 2.0
8.3 9.8 2.6

8.2 9.4 2.8

Locality A, Unit 3C, upper 6 feet; pedicle valves

Maximum Width Hinge Line Width
10.0 7.2
10.8 6.3
10.8 7.8
10.5 7.2

9.1 5.4



Maximum Width

8.5
Q.0
11.6
10.7
11.9
11.7
11.6
9.0
7.0
6.3
7.7
7.2

9.5

301

Hinge Line Width

Thaerodonta magna

7.3
6.6
7.2
6.8
9.4
9.0
8.4
7.0
4ed
A
5.2
3.6
5.7

Locality A, Unit 3C, upper 6 feet; articulated specimens

Length

4.2
5.0
4.3
bid
6.2

Maximum
Width

6.9
8.7
7.2
8.1

11.0

Thickness

1.2
1.4
1.0
1.2
1.8

Length of
Pedicle

Interarea

6
.8
05
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Length of
Length Maximum Thickness Pedicle
_Width Interarea
6.5 11.6 2.0 9
7.0 12.7 1.9 9
8.1 13.7 1.8 9
8.0 15.3 2.3 1.1
8.2 15.1 2.2 1.1
8.5 15.0 2.4 1.0
8.8 17.1 2.4 9
7.8 15.9 2.3 1.0
8.7 16.2 2.9 1.0
8.1 16.9 2.6 1.0
9.1 16.4 2.7 1.2
8.9 15.3 2.8 1.1
10.3 18.4 3.3 1.3
9.4 16.5 2.9 1.1
9.1 16.6 3.0 1.2
9.7 18.1 2.9 1.4
10.2 20.8 2.9 1.0
10.5 18.7 3.1 1.3
11.0 19.6 3.2 1.3
11.3 20.5 3.6 1.3
12.1 20.5 3.6 1.4
12.3 - 22.2 4.3 1.6

12.4 21.3 3.9 1.4
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Length of
Length Maximum Thickness Pedicle
Width Interarea
13.0 22.0 4.6 1.8
14.1 22.5 4.5 1.5
14.5 2.4 5.0 1.9

Sowerbyella n.sp.?

Locality A, Unit 2, the lower 15 feet of the unit; articulated specimens

Hinge Length of Length of
Length Width Thickness Brachial Pedicle

Interarea Interarea
4.1 7.3 9 2 A
bod, 6.9 1.0 1 VA
4.6 8.1 1.4 4 6
7.7 12.7 2.9 - 9
4.3 8.2 1.3 3 5
6.4 11.3 1.7 A .6
10.9 17.2 3.0 .8 1.3
11.2 15.6 4.9 9 1.4
9.8 16.3 4.7 .9 1.4
7.6 12.7 2.0 5 7
7.7 11.9 2.4 .6 9
6.8 11.2 1.5 A 7
7.8 13.2 3.2 7 1.2
9.9 12.9 4.3 J 1.1
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Length of Length of

Length Hinge Thickness Brachial Pedicle

Width Interarea Interares
8.1 15.0 2.4 .6 9
9.8 15.4 3.9 .8 1.4
5.4 9.0 1.5 s .6
10.1 13.3 3.4 b 1.1
7.6 14.2 2.8 i 1.0
10.5 15.2 4.2 .8 1.3
10.3 15.7 Lid .8 1.4
6.5 10.7 2.4 5 .8
7.7 12.4 2.2 .6 1.0
8.2 13.3 2.8 7 1.0
9.6 15.0 4.2 7 1.2
10.2 15.0 3.6 9 1.2
8.6 13.7 3.0 .7 1.1
9.7 15.4 4.0 .6 1.3
8.8 14.8 3.3 6 1.2
9.2 12.8 4.0 .6 1.2
8.8 13.2 3.2 .6 1.2
8.0 12.9 3.3 .6 1.1
9.5 13.6 4.3 .6 1.3
9.0 13.8 ——— - 1.5
8.5 13.4 --= -- 1.3
8.7 12.4 -— - 1.2
7.8 11.4 - - 1.0
9.8 13.6 -— - 1.2

9.3 12.9 -— .- 1.2
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Lepidocyelus capax

Locality 4, Unit 3C, upper 6 feet; articulated specimens

Length Width Thickness
19.2 20.8 12.8
20.2 20.7 13.8
21.5 2.0 15.1
19.9 20.0 15.5
21.8 20.4 18.4
22.7 22.7 18.0
23.2 24.7 17.8
23.8 2.8 18.4
23.7 22.8 1.3
23.9 25.5 23.1
23.9 26.0 27.3

Lepidocyclus cooperi

Locality A, Unit 3C, upper 6 feet; brachial valves

Length Width Thickness Maximum Width Maximum Height
- of Fold of Fold
17.3 19.4 13.8 10.1 3.6
16.4 17.1 11.9 9.9 3.4
15.1 16.7 10.5 8.6 2.4

15.8 18.3 11.2 10.6 3.2
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Length Width Thickness Maximum Width Maximum Height
of Fold of Fold
16.7 18.6 - - —
16.9 19.5 11.2 9.7 4.0
16.2 18.6 11.8 8.2 -
17.0 20.0 12.7 9.1 3.3
14.9 16.6 10.9 8.5 2.8
16.6 19.2 10.8 9.3 3.2
15.9 17.7 12.8 8.8 3.8
16.7 19.3 13.6 9.4 4.9
17.7 19.9 12.5 9.7 4.7
21.8 20.4 18.4 -— -—
16.9 18.9 11.9 9.4 2.7
15.8 17.1 11.5 8.6 3.0
15.1 17.4 10.1 8.0 2.1
144 16.5 10.1 8.4 3.6
15.3 16.6 8.9 7.7 1.6
14.4 15.8 9.2 7.5 2.2
16.3 17.8 12.8 9.1 2.5
16.5 18.9 11.1 9.8 2.4

Locality A, Unit 3C, upper 6 feet; pedicle valves

Width of Pedicle

Length Width Thickness Muscle Field
13.8 14.[‘- 308 it

14.7 14.9 4id, 6.1
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Length Width Thickness Width of Pedicle
Muscle Field _
15.0 16.0 4.8 -
15.6 16.0 5.0 6.0
16.1 16.5 YA 8.2
17.2 18.4 5.0 8.4
18.0 16.8 5.8 10.2
18.1 18.6 6.0 7.6
16.8 18.8 5.9 8.8
18.2 18.8 6.1 10.2
18.0 19.7 6.0 8.7
17.8 19.0 5.6 9.5
19.3 19.2 5.8 10.5
18.9 19.6 6.0 7.9
19.3 18.9 -—- 9.3
17.8 19.1 5.5 8.4
18.1 18.8 7.2 9.9
18.5 19.0 6.0 9.6
18.0 18.3 6.9 10.5
18.5 19.2 5.3 8.1
17.2 17.6 5.3 10.8
Locality A, Unit 3C, upper 6 feet; articulated specimens
Length Width Thickness
15.3 14.5" 13.1
17.1 17.1 -



Thickness

17.2
18.5
19.5

18.0
18.8

16.7

15.0
17.7
17.8
17.7
16.7
18.4
17.2
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STRATIGRAPHIC DIAGRAM OF SELECTED SECTIONS SHOWING
THE STRATIGRAPHIC DISTRIBUTION OF THE GRAPTOLITES AND
BRACHIOPODS OF THE VIOLA FORMATION WITHIN THE

ARBUCKLE MOUNTAIN REGION

by
Leonard P. Alberstadt

EXPLANATION

The sections that are illustrated show the distribution of the brachiopod
species described in this paper, and several of the "key" graptolites studied
and described by Decker (1933) and Ruedemann and Decker (1934). Decker (1933)
measurcd and described some of the same sections studied by Alberstadt and
Glaser. The vertical extent of Decker's zones are shown so as to allow .om-
parison with the units designated by Glaser (1965). The blostratigraphical

importance of the graptolites are discussed in detail in the section on Viola
biostratigraphy.
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STRATIGRAPHIC DIAGRAM OF SELECTED SECTIONS SHOWING
THE STRATIGRAPHIC DISTRIBUTION OF THE GRAPTOLITES AND
BRACHIOPODS OF THE VIOLA FORMATION WITHIN THE

- ARBUCKLE MOUNTAIN REGION

by
Leonard P. Alberstadt

EXPLANATION

The sections that arc illustrated show the distribution of the brachiopod
species described in this paper, and scveral of the "key" graptolites studied
and described by Decker (1933) and Ruedemann and Decker (1934). Decker (1933)
measurcd and described some of the same sections studied by Alberstadt and
Glaser. The vertical extent of Decker's zones are shown so as to allow .om-
parison with the units designated by Glaser (1965). The biostratigraphical
importance of the graptolites are discussed in detail in the section on Viola
biostratigraphy.
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