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EARLY DEVONIAN BRACHIOPODS OF OKLAHOMA

ABSTRACT

Part 1. The Frisco is a Lower Devonian formation which crops out in
the Arbuckle Mountains region of south-central Oklahoma and in a small
area of Sequoyah County in northeastern Oklahoma. It is largely a bioclastic
calcarenite with a substantial megafauna, predominantly brachiopods and
snails, but with some bryozoans, corals, trilobites and pelecypods; locally the
strata grade into a pelmatozoan limestone although complete calyces are few.
The shells and other skeletal elements were subjected to considerable move-
ment by wave and/or current action, either before or during deposition,
resulting in fragmentation and extensive disarticulation of the shells. The
brachiopods are represented largely by disarticulated valves, and for most
species there are far more pedicle valves than brachial valves; this disparity
between the numbers of opposing valves is interpreted as the result of more
extensive fragmentation of the thinner, weaker valves during deposition.
Thirty-two articulate brachiopod species (one new) assigned to 29 genera
are described in the present report. This fauna is assigned a Deerparkian age
and shows a marked similarity to the brachiopod fauna of the Oriskany For-
mation of the eastern United States, the Grande Gréve Formation of Quebec,
the Little Saline Formation of southeastern Missouri and southwestern Illinois,
and the Harriman Formation of western Tennessee.

Part II. The Sallisaw is a late Early Devonian formation which crops
out in a small area of Sequoyah County in northeastern Oklahoma. It is pre-
dominantly arenaceous limestone and dolomitic limestone with an insoluble
content, mostly fine quartz sand, which averages about 9.5 percent; nodules
and lenses of chert are common and locally the entire formation grades into
bedded chert. The megafauna consists almost entirely of brachiopods, most
of which occur as disarticulated and somewhat fragmentary free pedicle and
brachial valves; some of the chert beds carry well-preserved specimens in
the form of external and internal molds. Eleven articulate brachiopod species
(one new) atre described in this report. This fauna is believed to represent
a late Esopusian age, with similarities to the brachiopod fauna from the
Woodbury Creek Member of the Esopus Formation in New York. The
Sallisaw fauna has a marked resemblance to the brachiopod faunas from the
Clear Creek Formation of southwestern Illinois and the Camden Formation
of western Tennessee, It is also similar to the fauna of the Littleron Forma-
tion of New Hampshire.

Part III. The Haragan is a Lower Devonian (Helderbergian) forma-
tion which crops out in the Arbuckle Mountains region of south-central
Oklahoma. The articulate brachiopod fauna from this formation has been
described in an earlier publication (Amsden, 1958a), which also includes
a discussion of its age and correlatives. The present report adds four addi-
tional species (one new) to this Haragan fauna. Two of these species,
Anopliopsis pygmaea Amsden and Spinoplasia gaspensis? Boucot, are of
particular interest' because they expand the known stratigraphic and geo-
graphic range of the Paeckelmanniinae and Ambocoeliininae.



PART I.— ARTICULATE BRACHIOPODS OF THE
FRISCO FORMATION (DEVONIAN)

THOMAS W. AMSDEN AND WILLIAM P. S. VENTRESS

INTRODUCTION

The Frisco Formation crops out in two small areas in Oklahoma
(text-fig. 1): (1) the Arbuckle Mountains region of south-central
Oklahoma, where it forms a series of narrow, linear outcrops ex-
tending from the type section on Bois d’Arc Creek in a southeasterly
direction for a distance of about 15 miles (text-fig. 2), and (2)
Sequoyah County in northeastern Oklahoma, where it crops out in
an area of about six square miles just north of Marble City (text-fig.
3). In the Arbuckle region the Frisco is treated as the uppermost for-
mation in the Hunton Group¥*; in this area it rests upon the Bois
d’Arc Formation of Helderbergian age and is overlain by the Wood-
ford Formation. The stratigraphic relations are somewhat different

* At its type locality near old Hunton townsite (text-fig. 2) the Hunton Group in-
cludes all of the strata between the base of the Ideal Quarry Member (Early
Silurian) and the top of the Frisco Formation (Amsden, 1960, p. 178-188). This
name has not been used in the Marble City area and there does not appear to be
any need to employ a group name for the Silurian-Devonian strata in Sequoyah
County (Amsden, 1961, footnote, p. 24).
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Text-figure 1. Map showing the outcrop areas of the Frisco and Sallisaw Forma-
tions. The Frisco ctops out in south-central and northeastern Oklahoma, where-
as the Sallisaw is present only in the northeastern area.
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SALLISAW, FRISCO, AND ST. CLAIR FORMATIONS 11
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Text-figure 3. Simplified geologic map showing the distribution of the Sallisaw,

Frisco, and St. Clair Formations in the area just north of Marble City, Sequoyah

County, Oklahoma. The descriptions of the stratigraphic sections shown in this
map may be found in Amsden, 1961.




12 PREVIOUS INVESTIGATIONS

in Sequoyah County as the Frisco is here underlain by Silurian
strata (St. Clair Formation) and overlain by the Sallisaw Forma-
tion of Esopusian age, or where that formation has been removed
by pre-Chattanooga erosion, by the Sylamore Sandstone Member of
the Chattanooga (text-fig. 4). Throughout both outcrop areas the
Frisco is a bioclastic limestone, which appears to represent a fairly
high-energy deposit; the MgCOs content and acid insolubles are
uniformly low. The Frisco attains its greatest thickness at the type
section, where it is about 60 feet thick, but elsewhere in the Arbuckle
region it is generally less than 20 feet thick (textfig. 2); in Se-
quoyah County it is everywhere less than 10 feet thick. The Frisco
Formation is Early Devonian* in age and carries a fairly large fauna
similar to that of the Oriskany Sandstone of the eastern United States.

Previous investigations.— For many years it has been known
that the fossils from the Frisco Formation in the Arbuckle Moun-
tains region show marked affinities with those from the Oriskany
Sandstone, although the published information has been almost en-
tirely confined to faunal lists. As early as 1904 Taff (p. 31) stated
that “The uppermost member of the Hunton formation (now
Hunton Group) is probably lower Oriskany in age . . .” Reeds
(1911, p. 264-265), in his early work on the Hunton, included
all of the upper limestones in his Bois d'Arc Formation (which he
assigned a Helderbergian age), although he did note that “It may
yet be determined that the uppermost 40 feet of the Bois d’Arc are
Oriskany in age.” Some years later Reeds (1926, p. 10, 13) re-
moved the upper, thick-bedded limestone, which carries a Deer-
parkian fauna from the Bois d’Arc Formation, and placed it in the
Frisco Formation. The following species were recorded from this
formation: Leptostrophia magnifica, L. oriskania, Rensselaeria
marylandica, Strophodonta becki, Orthonychia cf. O. plicatum. In
1936 Maxwell completed a Ph. D. dissertation at Northwestern
University on the Hunton Group. This author assigned the Frisco
an early Oriskany age (p. 102) and listed 58 species, of which 32

* In a receat article Fuller (1961, footnote, p. 1361) stated, *“The dating of upper
Hunton-Interlake in Oklahoma as Lower Devonian (cf. Reeds, 1926, p. 12; Ams-
den, 1957), however, seems to be untenable on regional stratigraphical grounds,
for the great pre-Devonian unconformity was erased, the surface having been
further eroded before Mississippian deposition; . . .” This author gave no further
elaboration or explanation of what is meant by “regional stratigraphic grounds,” or
“great pre-Devonian unconformity,” but he clearly implied that there is no Devonian
in the Hunton of Oklahoma. We do not subscribe to this conclusion as we believe
the Frisco is Early Devonian (Deerparkian) in age, our evidence for this being
given in Part I of the present report. Moreover, we believe the underlying Haragan
and Bois d’'Arc Formations are also Early Devonian (Helderbergian in age), the
evidence for this being given in part III and in eatlier publications. (See footnote,
p. 198 of part I11.)
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Text-figure 4. Chart showing the Devonian formations present in Sequoyah
County of northeastern Oklahoma, and in the Arbuckle Mountains region of
south-central Oklahoma. (There may be some Onesquethawan or Esopusian
strata exposed along Turkey Creek in Marshall County; see Amsden, 1960, p.
151-159). The relative ages of the Frisco and Sallisaw Formations are discussed
in the text, part I and part Il of this report; the age of the Bois d’Arc and
Haragan Formations is discussed in Amsden, 1958a and 1958b. The age of the
Woodford and Chattanooga Formations is that given by Hass (1956) and has
not been investigated by us. The formations underlying the Devonian are
shown, but his chart does not attempt to give the relative ages or correlatives

of these Silurian strata.

(After Amsden, 1961.)



14 PREVIOUS INVESTIGATIONS

are brachiopods (p. 104-105). In 1958 Ventress completed a
Master of Science thesis at The University of Oklahoma on the
stratigraphy and megafauna of the Frisco Formation in the Arbuckle
Mountains region. This report described and illustrated 32 species
of which 22 are brachiopods; the results of this study are incot-
porated in the present study. In 1960 (p. 134-135) and 1961 (p.
25-45) the senior author described the lithostratigraphy of the
Frisco Formation and briefly discussed its age, but did not list any
fossils.

Strata of Oriskany age were first recognized in the Marble City
area of Sequoyah County by Schuchert (1922, p. 666-670) who
referred to those beds as the “upper Oriskany white limestone.” He
listed the following species: Fawosites shriveri, F. sp. (large ramose
form), large crinoid stems, Fenestella (two species), Trepostomata
bryozoans, Rbipidomella musculosa (Hall), Leptaena rhomboidalis
veniricosa (Hall), Leptostrophia oriskania Clarke, Strophodonta
vascularia Hall, Strophonella sp., Eatonia peculiaris (Conrad),
Plethorhyncha praespecioswm Schuchert, Delthyris raricostus (Con-
rad)?, Spirifer arenosus (Conrad), S. murchisoni (Castelnau), S.
n. sp. in line to 8. divaricatus, Meristella lata Hall, Rensselaetia
marylandica Hall, Orthonychia tortuosa (Hall), Dalmanites (Odon-
tocephalus). Schuchert also commented on the similarity between
this fauna and that present in the “white limestones of Sainte
Genevieve County, Missouri” (later named the Little Saline Lime-
stone). In 1930 Cram (p. 550) applied Reeds’ name Frisco to the
Sequoyah County strata, but he did not discuss the fauna. Some
years later Christian (1953) presented a Master of Science thesis
to The University of Oklahoma on the geology of the Marble City
area. Much information on the lithostratigraphy of the Frisco For-
mation is in this thesis, including a geologic map showing the dis-
tribution of this formation. Christian listed 39 species from the
Frisco of this area, of which 24 are brachiopods. We have examined
Christian’s collections, which are at The University of Oklahoma,
and some of his specimens are illustrated in the present report.
Huffman (1958, p. 33-35) briefly discussed the stratigraphy and
distribution of the Frisco Formation in Sequoyah County and listed
the fossils collected and identified by Christian. Amsden (1961)
described the lithostratigraphy of the Sequoyah County Frisco in
considerable detail and briefly discussed its age, but did not list any
fossils.

Amsden and Huffman (1958, p. 73-75) illustrated a Frisco
brachiopod, “Rensselaeria elongata,” from a core obtained at a depth
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of 4,930 feet in Pottawatomie County, Oklahoma (SW14 NE4
NW14 sec. 36, T. 8 N., R. 2 E.). This fossil is described and re-
illustrated in the present report as Rensselaeria sp. (p. 133 and pl.
VII, fig. 20). In so far as we are aware, this is the only Frisco fossil
to be identified from the subsurface of Oklahoma.

Present report.— The present report is based on a lithostrati-
graphic and biostratigraphic study of the Frisco Formation in the
Arbuckle Mountains region made by both of us during the years
1955 to 1958, and a similar study of the Frisco Formation in Se-
quoyah County by the senior author during the years 1959 to 1961.
In the course of this investigation approximately 1,400 brachiopod
specimens were collected from the Arbuckle region and about 450
from Sequoyah County. All of these specimens were collected in
situ (broken out of the limestone) from strata the geographic and
stratigraphic positions of which were carefully determined in the
tield. The stratigraphic data pertaining to these collections are re-
corded in the appendices of the senior author’s 1960 and 1961
reports (see p. 60 of the present report). In this connection it
should be noted that the Frisco Formation has been mapped in con-
siderable detail throughout its entire outcrop area in the Arbuckle
Mountains area and in Sequoyah County; geologic maps showing
the distribution of the Frisco Formation may be found in Ventress
(1958, pl. 8); Amsden (1960, panel 2, pls. A-B); and Amsden
(1961, pl. 1). See also text-figures 2 and 3 of the present report.

Our understanding of Frisco brachiopods has been increased by
a study of related Early Devonian faunas from other areas in the
central and eastern United States. The senior author has examined
the large collections of brachiopods from the Oriskany, Glenerie,
and Harriman Formations at the U. S. National Museum and at
the Peabody Museum, Yale University. He has also collected and
studied a substantial number of fossils from the Little Saline Lime-
stone at its type locality in Ste. Genevieve County, Missouri. Our
faunal analysis has been further supplemented by an examination
of several type specimens borrowed from other institutions: Hall’s
type specimens of Rhynchonella barrandi, Rhynchonella speciosa,
Atrypa pleioplenra, Strophodonta lincklaeni, Spirifer pyxidatus, and
Meristella lata from the Oriskany Sandstone were borrowed from
the American Museum of Natural History; Clarke’s type specimens
of Meristella? vascularia, Orthotetes becraftensis, and Strophodonta
lincklaeni from the Oriskany Sandstone were borrowed from the
New York State Museum; Stewart’s type specimens of Meristella
carinata, Uncinulus salinensis, Uncinulus parvus, and Uncinulus
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welleri from the Little Saline Limestone were borrowed from the
Walker Museum at the University of Chicago. Thus the conclu-
sions reached in this report with respect to the identification of Frisco
brachiopods and their relations to other described North American
brachiopods is based upon a study of published reports supplemented
by a direct comparison with specimens from other formations.

Acknowledgments. — In collecting fossils from the Frisco For-
mation we were aided at various times by C. C. Branson, W. E. Ham,
Tom Rowland, and F. H. Manley. We also wish to acknowledge
our use of the Frisco brachiopod collection made by H. E. Christian.
The senior author would like to thank G. Arthur Cooper of the
U. 8. National Museum, and Karl M. Waage of the Peabody
Museum, Yale University, for extending every courtesy to him dur-
ing his study of the collections at these institutions. We are also
indebted to M. H. Nitecki of the Walker Museum, the University
of Chicago, C. F. Kilfoyle of the New York State Museum, and
Donald F. Squires of the American Museum of Natural History for
the loan of type specimens. |

FRISCO STRATIGRAPHY

We have already described the lithostratigraphy of the Frisco
Formation in some detail and therefore only a short summary is
included in the present report (Ventress, 1958, p. 8-17, pl. 8;
Amsden, 1960, p. 125-130, pl. 15, figs. 1-4, text-figs. 41-43; Ams-
den, 1961, p. 24-45, pls. 1, 2, 4, 9, 10, text-figs. 8-14). The litho-
logic characters of this formation are similar in both the Arbuckle
Mountains region and in Sequoyah County, but for convenience
these areas will be treated separately.

Arbuckle Mountains region. — The Frisco Formation is pre-
dominantly a biocalcarenite, locally grading into a biocalcirudite,
or, less commonly, into a biocalcilutite. The bedding is generally
irregular and ranges up to two or three feet thick. Nodules and
small lenses of chert are locally present, being fairly abundant in
a few places. Generally the Frisco is composed of fossil debris set
in a matrix of clear, sparry calcite. The otganic debris is predomi-
nantly brachiopod and snail shells, along with some bryozoans,
corals, and other groups. Many of the fossils are broken and most
of the bivalved shells are disarticulated. The grain size is controlled
by the character of this fossil debris, the calcilutite facies being con-
fined to those beds composed of smaller fragments which were
washed out of the broken shell debris. The insoluble-residue con-
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tent is low, ranging from 0.7 to 1.7 percent in the majority of
specimens tested; the residues are dominantly silt-sized, subangular
quartz grains, with some glauconite, pyrite, and, in some beds, frag-
ments of silicified fossils. The magnesium content is low. Of eight
specimens tested, all had less than one percent MgCOs.

The Frisco Formation is exposed in a fairly continuous series of
outcrops extending in a southeasterly direction from Bois d’Arc
Creek in the southern part of Pontotoc County to near Bromide in
southeastern Coal County (text-fig. 2). At the northern end of
this belt the formation is about 60 feet thick, but elsewhere its
thickness is generally between 10 and 20 feet. Throughout this area
the Frisco rests upon the Fittstown Member of the Bois d’Arc For-
mation (text-fig. 4). The Bois d'Arc and Haragan Formations,
which represent lithofacies and biofacies of one another, are Helder-
bergian in age, bearing a fauna much like that of the New Scotland
Formation of the eastern United States. The lithostratigraphic and
biostratigraphic relationships of the Haragan-Bois d’Arc Formations
have already been described in detail (Amsden, 1958a, p. 18-24;
1958b, p. 7-25, text-figs. 2-5; 1960, p. 84-125, text-figs. 28-41);
however, a brief review is given here as the relationship of these
stratigraphic units to themselves and to the overlying Frisco offers
an opportunity to compare the effect that environmental changes
have on a particular biologic group (brachiopods) with the phylo-
genetic changes produced by the passage of time.

The Bois d’Arc Formation is divided into two members: (1) an
upper Fittstown Member which is composed of fairly thin-bedded,
bioclastic calcarenites with a low acid-insoluble content (about 4.5
percent), and (2) a lower Cravatt Member consisting of cherty
marlstones having a reduced fossil content and increased insoluble
residues, largely in the form of terrigenous clay and silt (average
11.5 percent). In their typical expression these units are distinct,
but they grade laterally and vertically into one another so that the
boundary between them is indistinct. These strata are generally
underlain by the Haragan, which is a marlstone averaging about 16
percent insolubles, mostly in the form of silt-size, subangular quartz
detritus. There is substantial biostratigraphic and lithostratigraphic
evidence to show that a complete lateral as well as vertical gradation
exists from the high insoluble-low fossil-bearing beds of the Haragan
through the cherty marlstones of the Cravatt to the high fossil-low
insoluble beds of the Fittstown. Accompanying this is a change in
the character of the matrix, the Fittstown having a sparry calcite
cement in contrast to the Haragan which has a micrite matrix
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(text-fig. 5A). The Fittstown appears to have been laid down in a
considerably higher energy environment than was the Haragan. In
the latter formation the fossils are well preserved and complete
specimens are common, whereas in the Fittstown the fossils show
much breakage. This factor is clearly reflected in the degree of
disarticulation of the brachiopod shells (text-fig. 5B); only 21 per-
cent of the Haragan brachiopods are disarticulated* as compared
with 50 percent for the Cravatt and 96 percent for the Fittstown.
(See discussion under Brachiopod Faunas, Pedicle-brachial ratio.)
This disarticulation factor was determined by counting the total
number of specimens in the collections from each stratigraphic unit
(pedicle valves, plus brachial valves, plus articulated shells) and
calculating the percentage of the total that occur as free valves.
(‘The Haragan specimens in our collections total about 4,000 speci-
mens; the Cravatt about 600; the Fittstown about 800; the Frisco
from the Arbuckle region about 1,400 specimens.) The Haragan
has a large and varied fauna, predominantly brachiopods, but with
many trilobites, corals, bryozoans, snails, and other fossils. On the
other hand the Fittstown fauna is largely brachiopods with some
trilobites and few other fossils. There are also changes in the com-
position of the brachiopod faunas; the generic suite of the Fittstown
is stmilar to that of the Cravatt and Haragan (text-figs. 5¢, 10)
and a large number of species are common to all facies, but there
are marked differences in the relative abundance of many of the
species.t This 1s discussed at length in Amsden 1958b (p. 17-20;
see especially text-fig. 4).

It is interesting to compare the Frisco Formation with the
Haragan-Bois d'Arc Formations in the light of the relationships dis-
cussed above. The Frisco is a distinctive lithostratigraphic unit which
is easily distinguished from the underlying strata by its thicker beds
and lack of marly partings (Amsden, 1960, p. 133). Throughout
the outcrop area in Pontotoc, Johnston, and Coal Counties the Frisco-
Bois d’Arc contact is sharply defined and there is no lithostratigraphic

* The Haragan fossils, unlike the Frisco, Fittstown, and (to some extent) Cravatt
fossils, were largely collected loose on the surface. To some extent this would
probably bias the collection in favor of articulated shells because the free valves
are more fragile and tend to be more easily broken. This is partly offset by the
extra effort made by the serious collector to obtain free valves because these show
many of the more diagnostic features. Moreover, the large number of articulated
shells in the Haragan collections would seem to indicate that these collections do
reflect fairly accurately the condition which exists in the strata (text-fig. 5B).

t In any discussion concerning the relationship between biofacies and lithofacies, it
simplifies the problem to assume that the organisms lived in the same environment
as that in which they were deposited and buried. This, of course, is extremely
difficult to prove, especially where the fossils have been subjected to some breakage
and disarticulation before burial; see discussion under Environment of deposition.
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or biostratigraphic evidence of any gradation between these two
formations. The Frisco is a mappable unit and has been mapped
throughout its outcrop area (Amsden, 1960, panel 2, pls. A, B;
Ventress, 1958, pl. 8). The Frisco has, however, some lithologic
teatures in common with the Fittstown. It is a bioclastic calcarenite
with sparry calcite cement and low percentage of acid insolubles
(average 1.7 percent). The fossil debris which makes up a large
part of the rock has undergone extensive breakage and 97 percent
of the brachiopod shells are disarticulated (text-fig. 58). The Frisco
therefore would appear to represent a high-energy deposit, similar
in many respects to that of the Fittstown and quite unlike the quiet-
water deposition of the Haragan.

The Frisco megafauna, like that of the underlying strata, is
strongly dominated by the brachiopods, but there is a marked change
in the composition of the brachiopod fauna at the specific, generic,
and even superfamily levels. It is worth pointing out here that no
brachiopod species is common to the Frisco and the underlying
Helderbergian strata, and there are marked differences between the
generic suites. ‘

Less than half of the Frisco genera is present in the under-
lying Fittstown (text-fig. 5B), whereas the generic suite of rhe Fitts-
town is almost identical to that of the Haragan (text-figs. 10, 12;
Amsden 1958b, fig. 4). This abrupt change in the brachiopod
faunas at the Frisco-Fittstown boundary would seem to be most
reasonably interpreted as the result of phylogenetic changes intro-
duced during the lapse of time between the deposition of the Firts-
town and the deposition of the Frisco.

Sequoyah County. — The Frisco Formation in Sequoyah County
is a light- to medium-gray limestone in beds up to two feet thick.
Chert is rare, but small nodules up to 2 inches or so in length are
locally present. Typically the formation is composed of a hetero-
geneous mixture of fossil material, mostly brachiopod shells with
some snail shells, bryozoans, corals, and remains of other groups;
this is mostly in the form of a poorly sorted calcarenite or, less com-
monly, a calcirudite, Locally this coquinalike material grades into
a finer textured rock, a fine calcarenite or calcilutite, composed of
broken organic debris which appears to represent the fines that were
flushed out of the coarser material. Pelmatozoan plates are present
in most parts of the Frisco, and locally they are abundant enough to
form a crinoidal limestone. The matrix which binds these allochems
is variable, some parts having a sparty calcite cement and other
parts a micrite cement. These different rock types are intimately
associated and grade into one another.
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The organic material which makes up a large part of the Frisco
Formation was extensively fragmented, either before or during de-
position (text-fig. 6A; pl. IX, fig. 18). At this time much of the
skeletal material was broken and the bivalved shells largely dis-
articulated. Our brachiopod shells from Sequoyah County include
approximately 450 specimens of which 97 percent are disarticulated;
this compares with 96 percent disarticulation for our Frisco brachio-
pod collections from the Arbuckle Mountains region (text-fig, 5B).
All of this indicates deposition in an environment of rather active
currents and/or waves.

The acid-insoluble content of the Frisco Formation is low; 25
rock specimens collected in Sequoyah County had an average of
only 1.1 percent. Much of this insoluble material is in the form of
small quartz grains. These are commonly angular and many show
well-developed crystal faces; doubly terminated crystals are common
(few exceed 0.3 mm in length). In addition to the quartz grains,
most residues include some glauconite. Limonite may also be present
and locally there is a considerable amount of dark, carbonaceous
material.

The MgCO: content is uniformly low. Of 25 rock specimens
tested, only two exceed one percent (1.9 and 2.1%), the average
being 0.8 percent.

The Frisco Formation is confined to a small area just north and
west of Marble City, Sequoyah County (text-fig. 3). It is well ex-
posed at a number of places in natural outcrops and in the various
prospect pits, in quarries, and in the underground limestone mine
of the St. Clair Lime Company. In the Marble City area the Frisco
is underlain by the St. Clair Formation (Silurian) and overlain by

Text-figure 5. Lithologic and faunal characteristics of Haragan, Cravatt, Fitts-
town, and Frisco strata.

A. Quaternary diagram showing the range in composition and texture of the
Haragan, Cravatt, Fittstown (Helderbergian), and Frisco (Deerparkian)
strata. The Frisco in the Arbuckle region is primarily a biosparite, although
locally it has some micrite cement (Amsden, 1961, pl. 10, fig. 1).

(Modified from Amsden, 1960)

B. Graph comparing the percentage of disarticulation in the Haragan Forma-
ion, Cravatt and Fittstown Members of the Bois d’Arc Formation, and the
Frisco Formation (Arbuckle region; in Sequoyah County the Frisco shows
about the same degree of disarticulation). The height of the bar indicates
the percentage of free valves (pedicles plus brachials) in the total number of

specimens (free valves plus articulated shells).

C. Graph showing the number of Frisco genera (total of 30 genera) present in
the Fittstown and Cravatt Members of the Bois d’Arc Formation (Helder-
bergian) and Haragan Formation (Helderbergian). See also text-figures
10, 12.
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the Sallisaw Formation (Esopusian). In places the Frisco has been
removed by post-Frisco and pre-Sallisaw erosion, thus bringing the
Sallisaw into contact with the St. Clair. In other places both the
Frisco and the Sallisaw have been removed by post-Sallisaw and
pre-Chattanooga erosion, allowing the Sylamore Sandstone Member
of the Chattanooga to rest directly upon the St. Clair. Throughout
this area the Frisco is thin, at no place exceeding 10 feet in thickness.

Subsurface data. — Shannon (1962, p. 18) recently published
a subsurface study on the Silurian and Devonian strata in Oklahoma
in which he stated that the Frisco bears a facies relationship to the
Bois d’Arc (as defined by Shannon, the “Bois d’Arc Formation” is
equivalent to the Fittstown Member of the present report). Our
study does not reveal any such facies relationship for the Frisco and
Bois d’Arc Formations, and we believe that Shannon has confused
these two formations. Shannon’s description of the Frisco Forma-
tion is not in accord with the lithologic characteristics of this forma-
tion as they appear at the surface. He described the Frisco as a
“. .. white to buff, fine-crystalline limestone with a high content of

Text-figure 6A. Rock specimen showing the typical texture of the Frisco shell

coquina facies. Note that the brachiopod shell in the center of the picture was

broken before being deposited. Enlarged about 214 times. Stratigraphic section
S1-B; see also plate IX, figure 18.
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ARBUCKLE REGION SEQUOYAH COUNTY
Number of valves Number of valves
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Text-figure 6B. Graph showing the number of free pedicle (solid black) and
brachial (crosshatched) valves for each species in our Frisco collections. The left
graph is for the Arbuckle Mountains region collections, and the right for the
Sequoyah County collections. The figure to the left of each set of bars shows
the number of arriculated shells of that species. Data compiled from table 1.
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milk-white to pale-blue chert,” and went on to note that, “It is
difficult to discern from well samples whether the chert is evenly
distributed throughout the unit, or if it occurs as interbeds with
less cherty limestone.” In contrast the Frisco in both areas of outcrop
is a bioclastic calcarenite or calcilutite with only scattered nodules of
chert. Possibly his Frisco represents the lower chert beds which are
locally present in the basal part of the Woodford (Ventress, 1958,
p- 17-20; Amsden, 1960, p. 139-140). In some places Shannon’s
“Bois d’Arc” probably consists of the combined Frisco and Fitts-
town, and in some areas it is composed entirely of the Frisco. The
latter case is certainly true in Sequoyah County where he showed
only “Bois d’Arc” with no Frisco (Shannon, 1962, fig. 10), whereas
the surface exposures in this county reveal only Frisco with no
Bois d’Arc. The Frisco and Fittstown are easily separated at the
surface on the basis of such features as bedding characteristics, nature
of weathering, and faunal content, but it would be difficult to dis-
tinguish between them on the basis of electric logs supplemented
by well cuttings and impossible to do so on the basis of electric logs
alone.

A Frisco brachiopod was definitely identified from a core in
Pottawatomie County by Amsden and Huffman (1958, p. 73-75,
text-figs. 1, 2), but to our knowledge this is the only Frisco fossil
which has been recorded from the subsurface.

FRISCO MEGAFAUNA

The Frisco Formation carries a substantial megafauna which
belongs largely to the sessile and vagrant benthos. Brachiopods are
the dominant element and probably equal or outnumber all of the
other species combined. A number of snails are also present and
some of these are large. Both solitary and colonial corals are com-
mon, but there is no evidence of reef development. Pelmatozoan
plates are represented in almost all parts of the Frisco and, in some
beds, make up most of the rock. Ostracodes and sponge spicules are
locally abundant. No calcareous algae have been observed.

Reeds (1926, p. 10) reported only a few species, mostly brachio-
pods, from the Frisco Formation in the Arbuckle region, but Max-
well (1936), working in the same area, listed 58 species, including
32 brachiopods, 10 snails, 5 corals, 8 bryozoans, 2 trilobites, and 1
pelecypod. Ventress (1958) described a total of 33 species from
the Arbuckle region. These were distributed as follows: 22 brachio-
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pods, 6 snails, 4 corals, and 1 pelecypod (no bryozoans were de-
scribed, but our collections from this area include a number of
specimens). In the present report we describe 23 brachiopod species
from this region. Qur Frisco collections from Sequoyah County are
somewhat smaller than those from the Arbuckles, but still include
a rather varied fauna. The megafauna from this area, like that of
the Arbuckles, is strongly dominated by the brachiopods. We de-
scribe a total of 26 brachiopod species in this teport; in addition
our collections include a number of snails, corals (both solitary and
colonial ), bryozoans, and trilobites. Only the brachiopods have been
studied in detail, but a preliminary survey shows that the entire
fauna is similar to that of the Frisco in the Arbuckle region.

Environment of deposition. — Either before or during deposition
the Frisco organisms were subjected to movement by current and/or
wave action, producing some breakage and extensive valve dis-
articulation. This indicates that the fauna is, to some degree, a
thanatocoenose; however, we are inclined to doubt that the organisms
were moved any great distance after death, and probably the fossils
which are found together in the same bed were fairly closely asso-
ciated in life, i. e. a biocoenose (see Boucot, 1953, p. 25-40 for a
discussion on life and death assemblages). The fact that similar
conditions of deposition prevailed over a large geographic area,*
and that the composition of the fauna is much the same in all out-
crop areas, suggests that the organisms were essentially indigenous
to the area in which they are found as fossils and that the habitat
in which they lived was similar to the environment in which they
were buried. These inferences are, of course, difficult to prove,
especially in view of the fact that few, if any, of the fossils collected
appear to be in the position occupied in life.

The exact nature of the depositional environment is difficulr to
determine, bur it undoubtedly involved considerable enetgy. In 1960
the senior author suggested that the Frisco was deposited in an off-
shore, outer neritic environment, but we are now inclined to believe
it represents somewhat more turbulent water. The small quantity of
terrigenous material is probably not significant in determining the
proximity to shore; if little detritus were available, then the deposit
would have little regardless of where it was Jaid down. Quite pos-
sibly the Frisco was deposited close to shore, in the inner neritic

* The Frisco seas certainly covered a large part of central and northeastern Oklahoma,
and similar conditions of deposition probably extended as far east as southeastern
Missouri and southwestern Illinois; see discussion under Correlation and age.
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zone. It could even be a deposit of the littoral zone, although the
extensive geographic area covered would seem to militate against
interpreting it as a beach deposit.

BRACHIOPOD FAUNA

Our Frisco brachiopod collections include a total of 32 species
assigned to 29 genera. Twenty-three of these species are represented
in our ‘collections from the Arbuckle Mountains region, and 25 from
our Sequoyah County collections. The preservation of fossils in
both areas of outcrop leaves something to be desired. As noted be-
fore, the brachiopod shells have undergone extensive disarticulation
and fragmentation during deposition so that many of the species
are represented by disarticulated valves only, and for a few species
we have no brachial valves. Additional breakage takes place during
the process of collecting, with the result that many of our speci-
mens are incomplete. In identifying this fauna we have tried to
follow a conservative policy and to make definite species assign-
ments only where the material seemed to justify such a procedure
fully. Under the systematic description for each species we include
a discussion on preservation and number of specimens; these descrip-
tions are supplemented by numerous illustrations (none retouched),
which further help to show the preservation. Thirteen of the species
described in this report are not assigned definite specific names and
undoubtedly several of these represent new taxa, but we have estab-
lished only one new species because the preservation of the others
does not warrant assigning them new names. The description of
each species is, however, accompanied by a discussion giving our
ideas concerning its relationship to other described species. Table 1
lists all of the Frisco brachiopod species and shows the number of
specimens representing each species.

Disarticulation and the ratio of pedicle valves to brachial valves.
— At the time of deposition the Frisco brachiopods were extensive-
ly disarticulated; 96 percent of the specimens in our Atbuckle Moun-
tains region collections are disarticulated (text-fig. 5B) and 97
percent are disarticulated in the Sequoyah County collections.* The
percentage of disarticulation is roughly comparable for all spe-

* All of our spectmens were collected by breaking the fossils out of the rock and,
therefore, none of this disarticulation is the result of recent weathering. Consider-
able breakage takes place in the process of collecting, but in most cases this can be
easily distinguished from the fragmentation which occurred during deposition.
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TABLE 1.—FRISCO BRACHIOPODS
{Numbers of specimens)
Arbuckle Region Sequoyah County
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Rhipidomelloides musculosus 3 44 1 44.0 0 25 9 2.8
Levenea sp. [} 14 i4 1.0 0 7 18 0.4
Platyorthis? sp. 0 0 4 0 0 3
Leptostrophia magnifica 0 120 0 0 12 0
Leptaena ventricosa 0 45 5 9.0 0 27 2 13.2
Pholidostrophia®? sp. 0 Q 0 0 4 2 2.0
Strophodonta s&p. 0 0 0 0 4 0
Strophonella sp. 0 0 0 0 1 1 1.0
Chonetes? sp. Y] 0 0 0 1 0
Chonostrophia complanata 0 0 0 0 23 0
Anoplia nucleata 0 19 1 19.0 0 2 0
Schuchertella becraftengis 0 [{] 0 0 4 4 1.0
Costellirostra peculiaris 29 30 12 2.5 9 5 4 1.2
Plethorhyncha cf. P. barrandi [ 22 13 1.7 0 0 0
Plethorhyncha? welleri 1 18 8 2.0 0 9 3 3.0
Camarotoechia? cf. C. dryope 1 0 0 0 1 3 0.3
'"Camarotoechia’ sp. 0 0 0 1 0 3
Spinoplasia oklahomensis 1 21 2 10.5 0 0 0
Hysterolites (A.) murchisoni 1 179 12 15.0 0 87 19 4.5
Costispirifer arenosus ¥ 4 3 1.3 0 36 7 3.1
Kozlowskiellina new species 1 3 1 3.0 0 0 (?)5 )
Eospirifer new species 0 0 0 0 7 2 3.5
Meristella carinata 1 378 85 5.6 0 15 11 1.4
"Meristella" vascularia? 0 2 0 0 18 4 4.5
Cyrtina rostrata 1 39 24 1.6 0 2 11 0.2
Trematospira sp. 0 2 0 0 0 0
Rhynchospirina? sp. 1 1 0 0 0 0
Rensselaeria cf. R. elongata 1 71 47 1.5 0 7 15 0.5
Rensselaeria sp. 0 1 0 1 0 0
Prionothyris perovalis 4 17 6 2.8 0 "] 0
Oriskania sinuata 6 3 27 0,1 0 0 0
Beachia new gpecies [1] [1] 0 0 12 2 5.0

cies with a single notable exception, Costellirostra peculiaris. In this
rhynchonellid species about half of our specimens are articulated
shells* (48 percent in the Arbuckle collections and 50 percent in
the Sequoyah collection ), a rather striking proportion in view of the
fact that disarticulation approaches 100 percent in most of the other
Frisco species. The explanation for this fact undoubtedly lies in the
efficient articulating mechanism of C. peculiaris; the stout teeth and
sockets were aided by notches or crenulations in the valve margins
(Amsden, 1958b, p. 72-73, text-fig. 13). The only other species
in our collections represented by more than a single articulated shell
are Rhbipidomelloides musculosus, Prionothyris perovalis, and Oris-
kania sinuata, and in none of these does the proportion of articulated
shells exceed 15 percent (text-fig. 6B, table 1).

It is interesting to compare the ratio of pedicle to brachial valves
in the disarticulated part of the Frisco brachiopod fauna. For most

* This is also the condition of the specimens of C. peculiaris collected by the senior
author from the Little Saline Limestone of southeastern Missouri; $3 percent of
these shells are articulated (text-fig. 9).
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Text-figure 7. Graph comparing the pedicle and brachial valve relationship of
the different species in the Frisco Formation of the Arbuckle Mountains region
with that of Sequoyah County. The bar on the left side shows the number of
species in our collections which are represented by more pedicle than brachial
valves; the next bar shows the number of species of which there are more
brachial than pedicle valves; the third bar shows the number of species in which
the numbers of pedicle and brachial valves are about equal; the right bar the
number of species represented by only a single, articulated shell. See also
text-figures 6B, 8.

species there is a marked disparity between the numbers of the
pedicle and brachial valves, the pedicles generally being more nu-
merous than the brachials (table 1, text-fig. 6B). Our entire Frisco
brachiopod collection has an average pedicle/brachial ratio of 3.3.
In the Arbuckle Mountains region 17 species (out of a total of 23 )
are represented by more pedicle valves than brachials, whereas the
brachials are more numerous than the pedicles in only three species
(text-fig. 7). Sixteen of the species found in Sequoyah County (out
of a total of 25) are represented by more pedicles than brachials,
with only six species having more brachials than pedicles (text-fig.
7). In only two of the species from both areas are the two valves
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Text-figure 8. Graph showing the pedicle/brachial valve ratio for the different

superfamilies represented in our Frisco collections. The bar on the left side

shows the ratio for specimens collected from the Arbuckle Mountains region,

and the one on the right for specimens collected from Sequoyah County. The

figure following the superfamilial name gives the number of Frisco genera as-
signed to that group.

approximately equal in number. For certain of the common species
such as Rbipidomelloides musculosus, Leptaena wventricosa, and
Hysterolites (A.) murchisoni, the preponderance of pedicle valves
is enormous, and in Leptostrophia magnifica, a species which is well
represented in our collections, no brachial valves have been found
(text-fig. 6B). The pedicle/brachial ratio is graphically illustrated
by superfamilies in text-figure 8; in only the Dalmanellacea (Se-
quoyah County), Orthotetacea (Sequovah County), Rhynchonella-
cea (Sequoyah County), and Terebratulacea (Arbuckle region and
Sequoyah County) do the ratios approach 1.0.

The degree of disarticulation is about the same in our Frisco
collections from Sequoyah County as it is in the Arbuckle Moun-
tains region, but the disparity between the numbers of pedicle and
brachial valves is not as marked in the Sequoyah County specimens.
In the latter the pedicle/brachial ratio averages 2.4, whereas in the
Arbuckle collections it averages 4.2. This is shown in text-figure
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6B where the pedicle-brachial relationship is compared by species,
and in text-figure 8 where it is treated by superfamilies. We suspect
that our collections probably approximate the pedicle-brachial ratio
which actually exists in the strata, althcugh it should be noted that
our Sequoyah County collections are considerably smaller than are
those from the Arbuckles.

In the spring of 1961 the senior author and F. H. Manley made
a collection of fossils from the Little Saline Limestone at its type
locality in Ste. Genevieve County, Missouri. This formation carries
an abundant brachiopod fauna which is much like that of the Frisco,
and the two formations are believed to be closely related in age.
About 93 percent of the Little Saline specimens are disarticulated
and the separated valves, like those of the Frisco, show a marked
disparity in the pedicle/brachial ratio. The average pedicle/brachial
ratio is 4.4, and in only one species, Prionothyris perovalis, does the
ratio approach 1.0. In Leptostrophia magnifica, Leptaena ventricosa,
and Costispirifer arenosus we do not have brachial valves (text-
fig. 9; compare with text-fig. 6B). It is also interesting to note that
the Little Saline representatives of Costellirostra peculiaris are sim-
ilar to those from the Frisco Formation in having a high percentage
of articulated shells.

The valve relationship represented by our collections is certainly
not the one which existed when the brachiopod fauna was living in
the Frisco sea. At a later time some process acted to disrupt the
natural valve balance. Three possible explanations of this relation-
ship occur to us.

(1). The discrepancy between the numbers of pedicle and
brachial valves is artificial and was introduced in the process of
collecting. This is based on the assumption that there is some factor
which would favor the collecting of one valve at the expense of the
opposing ane. We do not think this is a reasonable explanation.
Actually, brachial valves are much sought after by brachioped fan-
ciers as they show many of the more diagnostic features; and if there
is any predilection in collecting, it would be in the direction of pro-
ducing an assemblage weighted in favor of the brachial valves.

(2). The discrepancy between numbers of opposing valves was
produced by the sorting action of waves and/or currents. Certain
valves, because of their size, shape, or weight, are more easily trans-
ported than others, and these would be flushed out from among the
heavier ones and deposited elsewhere. Other investigators, such as
Martin-Kaye (1951, p. 432-434) and Boucot (1953, p. 32-33;
1958b, p. 331-332), who have worked on similar problems else-
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Text-figure 9. Graph showing the number of free pedicle and brachial valves in
a collection of brachiopods from the Little Saline Formation of Missouri. The
left bar shows the number of free pedicle valves and the right bar the number of
free brachial valves; the figure following each specific name gives the number
of articulated shells. This is based on a collection made by the senior author
from the Litcle Saline Formation at the type locality, about 2 miles south of
Ozora, Ste. Genevieve County, Missouri; only the better represented species in
this collection are shown. Compare with text-figute 6B.

where, have generally favored an explanation of this kind; and
there are certain features in our Frisco brachiopod collections which
seem to fit in with this interpretation. Almost all of the common
species* in which pedicles predominate have a thick pedicle valve
with deep muscle scars, and a relatively thin, light brachial valve.
This is the condition in species such as Rhipidomelloides musculosus,
Leptaena ventricosa, Leptostrophia magnifica, and Hysterolites (A.)
murchisoni. In other species, such as Oriskania sinuata, Rensselaeria

* Several of the Frisco species are not represented by enough specimens to furnish a
reliable guide to the valve relationship. For the most part, however, the disparity
between the numbers of opposing valves is present in all species, even those repre-
sented by only a few specimens; see text-figure GB.



32 DESTRUCTION OF BRACHIAL VALVES

ct. R. elongata, ot Cyrtina rostrata, where the brachial valves either
predominate or are relatively abundant, the brachial hinge-plate is
rather thick, generally with a cardinal process (text-figs. 40B, 42;
pl. VII, figs. 5, 6), and the pedicle valve is thinner. This suggests
that the lighter valves have been flushed out and deposited else-
where. There are, however, serious objections to such an explanation.
Most of the well-represented specimens (e, g., Rhipidomelloides
musculosus, Leptaena ventricosa, Leptostrophia magnifica, and Hys-
terolites (A.) murchisoni) show the same preponderance of pedicle
valves at all localities in both Sequoyah County and in the Arbuckle
region. Moreover, the same species show the same valve relationship
in the Little Saline Limestone of Missouri (text-fig. 9). It is un-
usual, to say the least, that we have never found the deposits bear-
ing the corresponding valves; for example, intensive collecting has
failed to yield a single brachial valve of Leptostrophia magnifica,
let alone enough to match the pedicle valves. It should also be kept
in mind that there is a fine-grained facies of the Frisco which appears
to represent the smaller and lighter fragments that were flushed out
of the coarse shell coquina (see under Frisco Stratigraphy, and
Amsden, 1961, p. 31, pl. 9, figs. 2-4), thus making it appear less
likely that some part of the Frisco has been lost by being washed
away and deposited elsewhere. Some sorting was produced by wave
and/or current action, but this does not appear to have been suffi-
cient to account for the marked disparity in the numbers of valves.

(3. The disparity between the numbers of opposing valves is
the result of breakage which took place before or during deposition.
There is clear evidence that the skeletal elements in the Frisco fauna
were extensively disarticulated and broken by being shifted about on
the sea floor by wave and/or current action. According to this third
explanation the lighter, thinner-walled valves would be more easily
moved and more easily broken. It would not be necessary for a valve
to be ground to flour or even to tiny pieces; merely breaking it
several times would make it less likely to be recognized and col-
lected. We favor this explanation as it seems to fit best all the
known facts. It accords with the extensive fragmentarion which has
been observed in all Frisco fossils. It fits in with the fact that it is
the thicker, heavier valves which are most commonly found (this
also supports explanation 2), and, most important of all, it accounts
for the presence of valve discrepancy in all areas of outcrop. As
noted before, the Sequoyah County collections have a somewhat
greater proportion of brachial valves than do those from the Ar-
buckle region, which might indicate that the water in this area was
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slightly less turbulent (or that sorting was not so marked), but
even in this area the disparity, especially among the common species,
is marked. It should be emphasized that this explanation is offered
only for the Frisco Formation (in which there is marked evidence
of breakage), and we are not suggesting that it will account for all
deposits in which there is a dispatity in the numbers of valves.

Composition and distribution of the Frisco brachiopod fanna. —
The present study is concerned only with the articulate brachiopods;
inarticulates have been reported (Maxwell, 1936, p. 104), but they
constitute only a small part of the brachiopod fauna. The total
articulate brachiopods are assigned to 32 species representing 29
genera and 9 superfamilies. A complete list follows (the more com-
mon and widespread species are marked with an asterisk).

Superfamily DALMANELLACEA
Family Rhipidomellidae
*Rhbspidomelloides musculosus (Hall)
Family Dalmanellidae
Levenea sp.
Platyorthis? sp.

Superfamily STROPHOMENACEA

Family Strophodontidae
*Leprostrophia magnifica (Hall)
Pholidostrophia? sp.
Strophodonta sp.
Strophonella sp.

Family Strophomenidae
* Leptaena ventricosa (Hall)

Superfamily CHONETACEA

Family Chonetidae
Chonetes? sp.
Chonostrophia complanata (Hall)
Anoplia nucleata (Hall)

Superfamily ORTHOTETACEA

Family Schuchertellidae
Schuchertella becraftensis (Clarke)

Superfamily RHYNCHONELLACEA

Family Camarotoechiidae
*Costellivostra peculiaris (Conrad)
Plethorbyncha cf. P. barvandi (Hall)
Plethorbyncha? welleri (Stewart)
Camarotoechia? cf. C. dryope (Billings)
“Camarotoechia” sp. (may not be congeneric with C.? cf. C. dryope)
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Superfamily SPIRIFERACEA

Family Spiriferidae
Spinoplasia oklahomensis Amsden and Ventress, new species
*Hysterolites (Acrospirifer) murchisons (Castelnau)
Costispirifer arenosus (Conrad)
Kozlowskiellina (Megakozlowskiellina), new species
Eospirifer, new species

Superfamily ROSTROSPIRACEA
Family Meristellidae
* Meristella carinata Stewart
“Meristella” vascularia? Clarke

Superfamily PUNCTOSPIRACEA

Family Cyrtinidae
*Cyrting rostrata (Hall)

Family Rhynchospirinidae
Trematospira sp.
Rbynchospirina? sp.
Superfamily TEREBRATULACEA

Family Centronellidae
*Rensselaeria cf. R. elongata (Conrad)
Rensselaeria sp.
Prionothyris perovalis Cloud
Oviskania sintata Clarke
Beachia, new species

The impunctate spire bearers (Spiriferacea, Rostrospiracea) are
the most common element in the brachiopod faunas, representing
23 percent of the genera (textfig. 10). Next in abundance are
the Strophomenacea with five genera, or 16 percent. The Rhyn-
chonellacea and Terebratulacea each constitute 13 percent, the latter
being of special interest because the Frisco is the oldest Devonian
formation in Oklahoma to carry a substantial number of terebratu-
lids. Only a single terebratulid genus, Renmsselaerina, is present in
the underlying Haragan-Bois d’Arc Formations (Helderbergian),
and none has been found in the Silurian strata of Oklahoma (text-
tig. 10).

Our Frisco brachiopods were collected from two areas, one in
the Arbuckle Mountains region and the other in Sequoyah County.
In both places the areal distribution of fossils, or at least of those
beds from which satisfactory specimens can be collected, is somewhat
spotty, although we have been able to obtain fossils throughout
much of the outcrop area (text-figs. 1-3).

The best collecting in the Arbuckle Mountains region is in the
vicinity of the type locality on Bois d’Arc Creek (stratigraphic sec-
tions P8 and P11; see text-fig. 2, and Amsden, 1960, p. 277-279,
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283-285, panel 2, pl. A). In this area the basal 10 feet is the most
richly fossiliferous, but at stratigraphic section P11 other fossiliferous
zones are present 40 and 60 feet above the base. The brachiopod
fauna collected from the upper 6O feet is somewhat less abundant
than that found in the lower part, but otherwise the two are nearly
identical; the only exception is the terebratulid, Oriskania sinuala,
which has been found only in this upper part of the Frisco. We
also have substantial collections at stratigraphic sections P9 on
Coal Creek, P10 west of Canyon Creek, and V7 on Goose Creek,
in the southwestern corner of Pontotoc County (textfig. 2). The
southernmost exposures of the Frisco Formation in the Arbuckles
yield fewer fossils, and we have only a few species from sections
V9 and V10 (descriptions of these stratigraphic sections may be
found in the appendices of Amsden, 1960 and 1961). Most of the
fossils from the outcrops south of Bois d’Arc Creek came from
the lower 10 feet of the formation, bur it should be noted that,
excluding stratigraphic section P11, the formation at few places
exceeds 15 feet in thickness (text-fig. 2). A complete list of the
Frisco brachiopods from the Arbuckle Mountains region is given
in table 1A (those marked with a single asterisk are represented
by more than 20 specimens; those by two asterisks by more than
50 specimens).

TABLE 1A.—FRISCO BRACHIOPODS, ARBUCKLE MOUNTAINS REGION

Stratigraphic Section
P8, P11| P10 P9 VT Ve V10

##*Rhipidomelloides musculosus X X
*Levenea Sp.
Platyorthis? sp.

%] eptostrophia magnifica

*#[ eptaena ventricosa

*Anoplia nucleata

**Costellirostra peculiaris
*Plethorhyncha cf. P. barrandi
#*Plethorhyncha? weller]
Camarotoechia? cf. C. dryope
*Spinoplasia oklahomensis new species

w#Hysterolites (A) murchisoni
Costispirifer arenosus
Kozlowskiellina new species

w*Meristella carinata
"Meristella” vascularia

#%Cyrtina rostrata
Trermatospira sp.
Rhynchospirina sp.

*%*Rensselaeria cf. R. elongata
Rensselaeria sp.

#Prionothyris perovalis
*Qrigkania sinuata

|

b B b

E I e e e e B

> b e

>
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>
W
X

X
X

X

il bl il | | bl bl 5| bl b o] Bl el | D) 3 Bl 2| D) D) D R 4

The foregoing list comprises 23 species of which 15 are reason-
ably well represented. The more abundant and widespread species
are: Rbipidomelloides musculosus, Leptostrophia magnifica, Lep-
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taena venpricosa, Costellirostra peculiaris, Hysterolites (A.) murchi-
soni, Meristella carinata, Cyrtina rostrata, and Rensselzeria cf. R.
elongata.

The Frisco outcrops in northeastern Oklahoma are confined
to a small area just north of Marble City (text-fig. 3). The best
collecting is on Sallisaw Creek at stratigraphic section S1 and a
short. distance south of the St. Clair Lime Company quarry at sec-
tions S5 and SG6, but we also have substantial collections from the
outcrop belt along Payne Hollow (section S8 is especially good and
has yielded most of the Frisco brachiopod species). The fauna
ranges throughout the formation although this observation has
little significance as the Frisco does not exceed a thickness of 10
feet. A complete list of brachiopods collected from the Frisco of
Sequoyah County is given in table 1B; those species marked with
a single asterisk (*) are represented by more than 20 specimens
and those marked with a double asterisk (**) are represented by
more than 50 specimens. (A complete description and precise
location of each of these stratigraphic sections is given in the ap-

pendix of Amsden, 1961.)

TABLE 1B.—FRISCO BRACHIOPODS, SEQUOYAH COUNTY

S1

54

Stratigraphic Section
56 86(A) 87

w0
(=]

58

Si0

*Rhipidomelloides musculogus

X

™

*Levenea sp,

Platyorthis? sp.

Leptostrophia mmagnifica

*Leptaena ventricosa

X
X
A

Fholidostrophia? sp.

it B B

Strophodonta sp.

Strophonella sp.

b

Chonetes? sp.

o I e IR B e R

*Chonostrophia complanata

Anoplia nucleata

Schuchertella becraftensis

*Costellirostra peculiaris

FPlethorhyncha? welleri

Camarotoechia? ef, C. dryope

"Camarotoechia” sp.

**Hysterolltes (A) murchisoni

e

R LR R

*Costispirifer arenosus

Kozlowskiellina new species

Eospirifer new species

*Meristelia carinata

b

>

*""Meristella" vascularia?

bl

%Cyrtina rostrata

X

*Rensselaeria cf. R. elongata

| 23| DAL Dol DY | bl bal b bt bl bl I {3
>

Eal e I B e e B S R P

Rensselaeria sp,

(one specimen near SI3)

Beachia new species

X [ x| |

Twenty-six species are listed in the foregoing table. Of these,
11 are relatively common and widespread: Rhbipidomelloides mauscu-
losus, Levenea sp., Leptaena ventricosa, Chonostrophia complanata,
Costellirostra peculiaris, Hysterolites (A.) murchisoni, Costispirifer
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arenosus, Meristella carinata, “Meristella” vascularia?, Cyrtina ros-
trata, Rensselaeria cf. R. elongata. By far the most abundant of all
is Hysterolites (A.) murchisoni, which is represented in our collec-
tions by more than 100 specimens.

Our combined Frisco collections from both areas comprise 32
species, of which the following 17 are common to both areas:

Rhipidomelloides musculosys
Levenea sp.

Platyorthis? sp.
Leptostrophia magnifica
Leptaena ventricosa

Anoplia nucleata
Costellirostra peculiaris
Plethorbyncha? welleri
Camarotoechia? cf. C. dryope
Hysterolites (A.) murchisoni
Costispirifer arenosus
Kozlowskiellina new species
Meristella carinata
“Meristella” vascularia
Cyrttna rostrata

Rensselaeria cf. R. elongata
Rensselaeria sp.

We have found the following six species in the Arbuckle region
only:

Plethorbyncha cf. P. barrandi

Spinoplasia oklabomensis, new species

Trematospira sp.

Rhynchospirina? sp.

Prionothyris perovalis

Oriskania sinuata

We have found the following nine species only in the Frisco of
Sequoyah County:

Pholidostrophia? sp.
Strophodonta sp.

Text-figure 10. Chart showing the distribution of brachiopod genera in the
Henryhouse (Ludlovian), Haragan (Helderbergian), Bois d’Arc (Helderbergian),
Frisco (Deerparkian), and Sallisaw (Esopusian) Formations. All of these brachio-
pods are described, either in the systematic descriptions of the present report,
or in previous papers of the senior author (Amsden, 1951; 1958a, 1958b; Boucot
and Amsden, 1958). The section on the left shows the range of brachiopod
genera in each of the five formations (note that the Bois d’Arc and Haragan
Formations are facies of one another). The middle section shows the number
of genera in each formation which range into the overlying and underlying
formations. The section on the right shows the distribution of brachiopods in
each of the formations by superfamilies. This last is based on genera; for ex-
ample, 20 percent of the Henryhouse genera belong in the superfamily Dal-
manellacea. Compare to text-figure 51.
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Strophomella sp.

Chonetes? sp.
Chonostropbia complanata
Schuchertella becraftensis
“Camarotoechia” sp.
Eospirifer new species
Beachia new species

The foregoing shows that slightly more than half (53%) of
the total Frisco brachiopod fauna is present in both areas (text-fig.
11); however, in comparing the two faunas it should be kept in
mind that many of the species which are restricted to one area or
the other are represented by only a few specimens. If the compari-
son is based on the more abundant brachiopods, for example on
those which are represented by 20 or more specimens in the com-
bined collections, the percentage of species which are common to
both areas is increased to 71 percent (text-fig. 11). This is a rather
close similarity considering the fragmentary nature of the fossils
and the difficulties encountered in making sarisfactory collections.
Moreover, it should be noted that many of the brachiopods which
have been found in only one of the two areas are typical Deerparkian
species; for example, Chonostrophia complanata, Schuchertella
becraftensis, Plethorbyncha cf. P. barrandi, and Oriskania sinuata
are all present in the Oriskany Sandstone where they are associared
with Rbipidomelloides musculosus, Leptostrophia magnifica, Lep-
taena ventricosa, Anoplia nucleata, Costellirostra peculiaris, Costis-
pirifer arenosus, Hysterolites (A.) murchisoni, Cyrtina rostrata and
many other brachiopods (see under Correlation and age) * We
are therefore of the opinjon that the Arbuckle Frisco and Sequoyah
County Frisco are closely related in age and represent, for all
practical purposes, synchronous deposits in the same sea.

Comparison with Haragan-Bois d’'Arc brachiopods. — Through-
out the Arbuckle region the Frisco rests upon the Fittstown Mem-
ber of the Bois d’Arc Formation ( Helderbergian; text-fig. 4). The
lithostratigraphic relations of these two formations have been de-
scribed in previous reports (Amsden, 1960 and 1961) and are
summarized in an earlier part of the present paper (Frisco Strati-
graphy, Arbuckle Mountains region). The Frisco brachiopod fauna
is quite unlike that of the Fittstown. None of the Fittstown species
ranges into the Frisco and there is a significant change at the
generic level; only 45 percent of the Fittstown genera is present

* The only possible exception to this is the Frisco brachiopod Eospirifer new species,
a genus which has not heretofore been reported from Deerparkian strata (see dis-
cussion under Correlation and age).
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in the Frisco (52 percent of the Frisco genera is present in the Fitts-
town; see text-fig. 10). Moreover, those genera which do range
from one formation into the other are represented by quite different
species. This change not only affects the brachiopod genera, but it
is also apparent at the superfamily level (text-fig. 10). The
Orthacea, Pentameracea, Syntrophiacea, and Plectambonitacea which

All species Species represen ted by more than
20 specimens
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Text-figure 11. Frequency diagram comparing the brachiopods from the Frisco

of the Arbuckle region with those from the Frisco of Sequoyah County. The

diagram on the left is based on the complete brachiopod fauna, whereas the

one on the right is based only on those species represented by more than 20
specimens in our combined collections.
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are present (although not common) in the Haragan-Bois d’Arc
have nowhere been found in the Frisco; whereas the Terebratulacea,
which are known only by a single species in the Haragan-Bois
d’Arc, are represented by five species in the Frisco. This abrupt
and marked change between the faunas of the Fittstown and the
Frisco is not correlated with any profound lithologic change; there
is a much greater lithologic difference between the Fittstown and
the Haragan Formations which have similar brachiopod faunas
(Amsden, 1958b), than between the Fittstown and Frisco Forma-
tions (text-figs. 5, 12). The Frisco Limestone of Oklahoma and
the Oriskany Sandstone of New York, which exhibit extreme litho-
logic differences and which crop out in widely separated geographic
areas, have remarkably simjlar brachiopod faunas; whereas the
Frisco and Fittstown, which are contiguous bioclastic limestones of
similar texture and composition, have markedly different faunas.

In Sequoyah County the Frisco Formation is underlain by the
“St. Clair” Formation of Silurian age (Amsden, 1961, p. 15, 23).
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Text-figure 12, Diagram summarizing the lithostratigraphic and biostratigraphic
relations of the Haragan, Bois d’Arc (Cravatt and Fittstown Members), and
Frisco Formations. The graph on the left side shows the percentage of Haragan
species which are present in the Cravatt and Fittstown; note that none of these
species ranges into the Frisco Formation. The graph on the right side shows the
percentage of Haragan genera which range into the Cravatt, the Fittstown, and
the Frisco. The :lithostratigraphic relations are generalized, but this drawing
is ‘based on described stratigraphic sections (see Amsden, 1958a, 1958h, 1960,
1961); the brachiopod faunas which furnish the data for the graphs are described
and illustrated, either in the present paper or in earlier reports. See also text-
: figures 5, 10.
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The senior author has made large collections from these Silurian
strata and this fauna will be described in a future publication. How-
ever, enough preliminary work has already been done to show that
there is a pronounced difference between the “St. Clair” and Frisco
brachiopods, a difference which is comparable in degree to thart
between the Frisco and Henryhouse brachiopods. For comparison,
the distribution of Henryhouse genera is included on the chart
shown in text-figure 10; note that all of the brachiopods included
on this chart are described, either in the present paper, or in earlier
publications of the senior author (Amsden, 1951, 1958a, 1958b).

Comparison with Sallisaw brachiopods. — The Sallisaw brachio-
pods are described in Part I of this bulletin and a detailed compari-
son of this fauna with the Frisco is deferred to that part. The dis-
tribution of Frisco and Sallisaw genera is shown in the range chart,
text-figure 10. In comparing the Sallisaw fauna with earlier faunas,
it should be kept in mind that it is much smaller. The Sallisaw
fauna comprises only 11 genera compared to 30 in the Frisco, 38
in the Haragan-Bois d’Arc, and 31 in the Henryhouse.

AGE AND CORRELATION

‘The Frisco carries a brachiopod fauna similar to that found in
the middle part of the Early Devonian of New York. The Lower
Devonian of New York is represented by a reasonably complete
sequence of strata, most of which are fossiliferous. The brachiopods
from these strata have been studied for many years and there is now
a substantial amount of information on the stratigraphic range of
the various species and genera which have been described. Currently
the faunas are grouped into three stages, Helderbergian, Deerparkian,
and Esopusian, with the Onesquethawan Stage (restricted) generally
referred to the Middle Devonian. (Some authors include the Manlius
and upper Roundout in the Devonian.) To facilitate comparison
with the Devonian faunas of Oklahoma, the ranges for most of
the brachiopod genera present in the Early Devonian of New York
have been plotted on the chart shown in figure 51 (in part IIT of
this report). This chart brings out the similarity between the
phylogenetic development attained by Frisco and Deerparkian
brachiopod faunas. Twenty-four of the Frisco genera are present
in Deerparkian strata, with four of these (Rensselaeria, Oriskania,
Beachia, and Plethorbyncha) being confined to this stage in New
York (note the strong development of terebratuloids and large
spiriferoid brachiopods in the Frisco of Oklahoma and Deerparkian
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of New York). Three Frisco genera (Costellirostra, Leprostrophia,
and Rbynchospirina) appear to terminate in the Deetparkian, being
absent in the overlying Esopusian and younger strata; four Frisco
genera (Costispirifer, Acrospirifer, Anoplia, and Prionothyris) make
their first appearance in the Deerparkian, being unknown in the
underlying Helderbergian and older strata. The close relationship
between Frisco and Deerparkian brachiopods is fully substantiated
by a comparative study based on species (see discussion below).
Note also the general similarity between the sequence of faunas
present in the Devonian of Oklahoma (Haragan-Bois d’Arc, Frisco,
and Sallisaw) and that of New York, although the latter appears
to have a more complete faunal representation.

The Deerparkian Stage* was named for exposures in Deerpark
Township, Sullivan County, New York (Cooper and others, 1942,
p- 1733), and in New York is composed mostly of the Oriskany
Formation. The similarity of Frisco and Oriskany has been noted
by many investigators (Reeds, 1926; Schuchert, 1922; Maxwell,
1936; Christian, 1953; Ventress, 1958), and is tully confirmed by
the present study. The senior author has. compared the Frisco
brachiopods directly with specimens in the Oriskany collections at
the U. S. National Museum and at Peabody Museum, Yale Uni-
versity. These collections include a large number of brachiopods
from the Oriskany and Glenerie Formations of New York, and the
Oriskany (Ridgeley Sandstone)t near Cumberland, Maryland. The
U. S. National Museum collections include some especially fine
specimens from the Glenerie Formation near Glenerie, New York.

Oriskany Formatioi:. — The Oriskany Formation Crops out over
a large area in New York, New Jersey, Pennsylvania, Maryland,
Virginia, and West Virginia (Stow, 1938, p. 544; text-fig. 17 of
this report). Throughout much of this area the strata are fossilifer-
ous, with brachiopods being the most common element. Clarke

* The Deerparkian Stage is generally assigned to the early part of the Coblenzian
Series of Europe (Cooper and others, 1942, chart 4). In a recent article Boucot
(1960, table 1) correlated the Oriskany Sandstone with the Lower and Middle
Siegenian beds of Europe.

+ The arenaceous limestones exposed near Glenerie, New York, have been named the
Glenerie Limestone. The fossils from this formation are nearly identical with those
from the Oriskany Sandstone and almost all stratigraphers and paleontologists regard
it as a calcareous facies of the Oriskany. In Maryland and adjacent areas the
Oriskany Formation (or Group) has been divided into two members {or forma-
tions) : an upper Ridgeley Sandstone Member and a lower Shriver Chert Member.
The Shriver Chert is sparsely fossiliferous and almost all of the fossils which have
been described from this area are from the Ridgeley Sandstone (all of the Maryland
fossils recorded in table 2 are from the Ridgeley Sandstone). This fauna is similar
to that of the Oriskany Sandstone of New Yotk with which it is almost certainly
correlative. As used in this report, Oriskany Formation includes the Oriskany Sand-
stone, Glenerie Limestone, and Ridgeley Sandstone.
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(1900, p. 65-67) listed 113 species from the Oriskany at Becraft
Mountain, New York, of which 43 are brachiopods. Schuchert and
Maynard (1913, p. 124-132) described 120 species from the
Oriskany of Maryland, of which 63 are brachiopods. The Mollusca
are also an import element of the Oriskany fauna. Clarke listed 22
species of gastropods and pelecypods, and Schuchert and Maynard
recorded 59 species of mollusks. The fossils are most commonly
preserved as internal and external molds, but locally, as near Glen-
erie, New York, and Cumberland, Maryland, the shells are well
preserved by silicification (pl. VI, figs. 1, 2, and pl. XII, figs. 8-13).
A large number of brachiopods have been described from Oriskany
strata. Many of the specimens collected in New York were described
by James Hall and John M. Clarke (see especially Hall, 1857 and
1859; and Clarke, 1900). The New Jersey fossils were described
by Weller (1903) and the Oriskany fauna of Maryland by Schuchert
and Maynard (1913). Cloud (1942) described the Oriskany
terebratuloid brachiopods in detail, and recently Boucot (1959a)
described some of the Deerparkian Ambocoeliinae. Unfortunately
there is no recent systematic treatment of all Oriskany brachiopods
and, therefore, it is difficult to obtain a complete record of described
species. The list given in table 2 was compiled by us from various
sources and is believed to be reasonably complete. We have included
only the species the descriptions of which were based on specimens
from the Oriskany Formation (most are from New York or Mary-
land), excluding those based on specimens from other formations
(see footnote, p. 42). Many of the species in the latter category
may be correctly identified, but further study is needed to verify
them. The column on the left side of table 2 shows those Oriskany
species which have been identified in the Frisco with certainty (*)
and questionably (?). On the right side are four columns showing
those species which are present in the Oriskany of: (1) New York,
(2) Pennsylvania (compiled from Cleaves, 1939, p. 110-113),
(3) Maryland, and (4) New Jersey. This list includes 72 brachio-
pods, more than twice as many as we describe from the Frisco
Formation; however, we suspect that some are only morphologic
variants of the same species and should be suppressed as synonyms.
For example, there are ten named species of Hysterolites ( Acrospiri-
fer) of which some, perhaps all, would appear to be merely minor
variants of H. (A.) murchisoni (see Discussion of this species in
the section on Brachiopod Descriptions); this may also be true of
other species groups, such as the meristellas and leptostrophias.
Even if a dozen or so Oriskany species are suppressed, its brachiopod
fauna will still be considerably larger than that found in the Frisco,



TABLE 2.—ORISKANY BRACHIOPODS

M| Frisco

Oriskany-Glenerie,
New York

QOriskany,
Pennsylvania

Oriskany,
Maryland

| New Jersey

Rhipidomelloides musculosus {Hall)
R. musculosus arctisinuatus (Schuchert}
R. marylandicus (Schuchert)

b

Platyorthis planoconvexa (Hall)

Schizophoria oriskaniz Schuchert

Leptostrophia magnifica (Hall)
L. magniventra (Hall)
L. oriskania Clarke

HOoMHd M
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Strophodonta lincklaeni Hall
S. vascularia Hall

8, majus (Clarke)

S. schuchertana (Clarke}

Pholidostrophia? lincklaeni (Clarke) [not Hail, 1857]

Leptaena ventricosa (Hall)

Chonetes [?] rowei Schuchert
C. I?] hudsonicus {Clarke)

Chonostrophia complanata (Hall}

Anoplia nucleata (Hall)

Schuchertella becraftensis (Clarke)

Hipparionyx proximus Vanuxem

o I el B B

Costellirostra peculiaris (Conrad)

] bl I P 1S B

Eatonia sinuata Hall
E. hartleyi Schuchert

Plethorhyncha barrandi (Hall)
P. speciosa (Hall)

P. pleiopleura (Conrad)

P. fitchana (Hall)

P, ramsayi (Hall)
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Pegmarhynchia whitfieldi (Hall)
P. zimmi Cooper

I

e

Camarotoechia [?] oriskani Rowe
""Camarotoechia" breviplicata (Weller)

™

Metaplasia paucicostata (Schuchert)
M. pyxidata .{Hall)

MM

Plicoplasia cooperi Boucot
P. plicata (Weller)

| 4

Hysterolites (A.) murchisoni (Castelnau)
(A.) arrectus (Hall)

(A.) tribulus (Hall)

{A.) cumberlandiae (Hall)

(A.) intermedius (Hall)

(A.) angularis (Schuchert)

(A.) murchisoni marylandicus {Schuchert)
(A.) hartleyi (Schuchert)

(4.) perdewi {Schuchert)

(A.) tribuarius {Schuchert)

LR

E E T o

Costispirifer arenosus (Conrad)

Meristella lata Hall

M, lentiformis Clarke

M. rosteliata Schuchert
M, symmetrica Schuchert
M. {?] fausta (Clarke)

b

R

R B R R e e

el

"Meristella" vascularia Clarke

Coelospira dichotoma (Hall}
C. equistriata Schuchert

Leptocoelia flabellites (Conrad)
L. fimbriata (Hall)

Cyrtina rostrata (Hall)
C. varia Clarke

b M B

Ll B

Trematospira 'multistriata” Hall

|

Rhynchospirina rectirosiris (Hall)

Rensselaeria elongata (Conrad)
R. marylandica Hall
R. marylandica symmetrica Schuchert

b Bl s - F

L T e B -

Beachia gueggana (Hall)
B. suessana immatura Schuchert

M

Eurythyris ITucerna (Schuchert}
E. dunbari Cloud )

Prionothyris perovalis Cloud
P. ovalis (Hall)

E RS- R

Oriskania navicella Hall and Clarke

e Eale
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a fact which should be kept in mind when comparing the two faunas.

The generic suite of Frisco brachiopods is much like that of the
Oriskany Formation (compare figs. 10 and 51). We recognize
29 genera of Frisco brachiopods of which 24 (83% ) are present
in the Oriskany (text-fig. 13aA). In so far as we are aware none of
the following Frisco genera is represented in the Oriskany fauna:
Levenea, Strophonella, Spinoplasia, Kozlowskiellina, and Eospirifer.
Spinoplasia was described by Boucot (1959a) and included only
the type species, S. gaspensis Boucot, from the Helderbergian strata
of Gaspé; however, other closely related genera such as Meraplasia
and Plicoplasia are present in the Oriskany Formation. The genus
Eospirifer has not, to our knowledge, been heretofore recorded
from post-Helderbergian strata of North America, but Havlitek
(1959, p. 229-230) cited two species from the Middle Devonian
of Europe. The other three genera, Levenes, Strophomells, and
Kozlowskiellina are represented by species ranging in age from
Silurian to Onesquethawan or later and are therefore not incom-
patible with a Deerparkian age (Schuchert and Cooper, 1932, p.
123; Williams, 1953, p. 48; Boucot, 1957, p. 318).

Thirty-five Oriskany genera are listed in table 2; of these, 24
(68% ) are also present in the Frisco Formation. The following
11 genera have not been found in the Frisco:
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Text-figure 13A. Chart showing the number of Frisco genera (left side) and

species (right side) present in the Oriskany Formation. The lower part of the

bar on the right side shows the number of Frisco species which are definitely

present in the Oriskany, and the upper part (marked with a query) the number

which are questionably present. This is based on the data given in tables 1, 2.
Compare with text-figure 18.
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Pegmarbynchia
Schizophoria
Happarionyx
Eatonia
Metaplasia
Plicoplasia
Coelospira
Leptocoelia
Enrythyris
Globothyris
Nanothyris

Some of these genera are relatively uncommon in the Oriskany;
but others, such as Coelospira and Leptocoelia, have been widely
reported from Deerparkian strata of North America. The number
of absent genera does not seem unduly large in view of the fact
that the Frisco has a smaller brachiopod fauna with six fewer
genera than the Oriskany.

The Frisco fauna comprises 32 species, of which 13 are definite- -
ly known to be present in the Oriskany Formation (table 2, text-
fig. 134), including some of the most common and distinctive of
Deerparkian species: Rbipidomelloides musculosus, Leptostrophia
magnifica, Costellirostra peculiaris, H ysterolites (A.) murchisons,
Cyrtina rostrata, Costispirifer arenosus, Prionothyris perovalis, Oris-
kania sinuata, and Beachia sp. (this last genus is known only from
Oriskany species; Cloud, 1942, p. 61). This is a substantial num-
ber of common species, especially considering the fragmentary na-
ture of the Frisco fossils. Only 18 of the Frisco brachiopods are
assigned definite species names (72 percent of these are Oriskany
species ), most of the others being too poorly preserved to be pre-
cisely identified. Of those species which are not precisely identified,
at least six are tentatively identified with Oriskany species; possibly
more and better preserved specimens would show that several others
belong in this category.

The similarity of Frisco and Oriskany brachiopod faunas is
striking in view of the marked lithologic difference between these
two formations. Typically the Oriskany is an orthoquartzite with
rounded quartz grains, which are generally less than 1.5 mm in
diameter, but locally it is conglomeratic. Quartz overgrowths on the
detrital grains ate common and these may largely fill the interstices
(Fettke, 1938, p. 250-253; Martens, 1939, p. 31; Cleaves, 1939,
p. 97-101). Accessory minerals are few (Stow, 1938, p. 556-560)
and in places the Oriskany is an exceptionally pure orthoquartzite
which has been worked as a source of glass sand. Some calcium
carbonate is generally present, and locally this increases to such an
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extent that the rock grades into an arenaceous limestone (e. g., the
Glenerie Limestone). In parts of Maryland and West Virginia the
quantity of calcium carbonate increases downward (Martens, 1939,
p. 31; Amsden, 1954, p. 84), and the formation appears to grade
into the underlying Helderbergian strata. Fossils are present in
much of the Oriskany although they are in few places, if anywhere,
the dominant constituent of the rock. In contrast, the Frisco 15 a
bioclastic limestone made up largely of fossil debris set in a sparite
or micrite matrix. Most of the rock is 98 percent to more than
99 percent calcium carbonate, whereas parts of the Oriskany are
more than 99 percent silica (Pettijohn, 1957, p. 298). Despite
their lithologic differences, the close similarity of the faunas of
these two formations* suggests that they may represent fairly
similar environments. The Oriskany Formation has generally been
interpreted as a shallow-water or beach deposit. Those Oriskany
fossils which we have examined do not show nearly so much break-
age as do the Frisco fossils, suggesting that the water in the eastern
sea was somewhat less turbulent. Whether this condition prevailed
throughout the entire area of Oriskany deposition is not certain;
possibly a more intensive sampling of Oriskany fossils throughout
the outcrop area would show areas of more turbulent deposition,
but we are inclined to believe that, in general, the Frisco represents
a somewhat higher energy deposit. It is interesting to note that the
Frisco and the Fittstown, which are contiguous deposits of similar
lithology and presumably similar environments of deposition, have
such different faunas; whereas the Frisco and Oriskany, with almost
diametrically opposed lithologies, are so similar in faunal compo-
sition (text-figs. 5, 12).

The Frisco fauna is clearly of middle Early Devonian age. Its
brachiopod fauna agrees with the phylogenetic stage of develop-
ment represented by the Deerparkian faunas of New York (text-fig.
51), but whether Frisco deposition was precisely contemporaneous
with some part, or with all, of the Oriskany Formation is difficult
to ascertain. Although the two faunas are much alike as regards
both generic as well as specific composition, differences exist, and
it is these differences which are difficult to evalvate in terms of
exact age relationships. In few instances are two faunal assemblages
* Only the brachiopods are considered in this report, but it should be noted that the

other Frisco faunal elements are also like those found in the Oriskany. The total
Frisco fauna is somewhat smaller, but, like the Oriskany, it is a “shelly fauna,”
being dominantly a brachiopod-snail assemblage with considerable numbers of
bryozoans and some corals, trilobites, and other groups. Many of the genera and
species representing these groups are reported to be identical with those from the

Oriskany (Maxwell, 1936, table 8; Christian, 1953, p. 31-32; Ventress, 1958, p.
33-37).
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exactly alike, even when they come from nearby outcrops whose
contemporaneity can be demonstrated by tracing from one to the
other. In such local areas conclusions with respect to the age rela-
tionships can in many cases be supported by evidence that is inde-
pendent of the faunas. The problem, however, becomes more com-
plicated when it involves the correlation of strata that are separated
by a considerable geographic distance, such as the Frisco Formation
of Oklahoma and the Oriskany Sandstone of New York. For all
practical purposes the correlation then depends entirely upon the
faunal evidence, and it becomes difficult to distinguish between
those faunal differences produced by such factors as differences in
ecologic conditions, in deposition, and in geographic isolation and
those faunal differences produced by phylogenetic changes intro-
duced with the passage of time. The contrasting lithostratigraphy
of the Frisco and Oriskany suggests thart there were at least some dif-
ferences between the original environments of these two formations,
and certainly we cannot rule out the possibilicy of some differences
in the time of deposition. The faunal differences are such as could
be produced in part, or entirely, by geographic separation combined
with differences in habitat. On the other hand, these differences
could be entirely the result of phylogenetic changes, one or the
other assemblage being slightly older. Even if the latter explanation
is favored, the difference is undoubtedly slight, and the two must
be closely related in age, a conclusion which is supported by a care-
ful appraisal of the Frisco brachiopods in terms of the known
phylogeny represented in the New York section and elsewhere.

The faunal succession in the Lower Devonian of Oklahoma is
also similar to that found in other parts of the eastern United States.
The Frisco is underlain by strata carrying a Helderbergian fauna
(Haragan-Bois d’Arc) and overlain by the Sallisaw Formation
which bears an Esopusian fauna (see part II of this bulletin), a
sequence which is similar to that found in New York, western Ten-
nessee, southeastern Missouri, and other areas. It should be noted
that, although the faunal sequence in these different areas is similar,
the lithostratigraphic sequence is not the same. For example, the
faunal sequence present in the Haragan-Bois d’Arc-Frisco-Sallisaw
of Oklahoma is like that of the Bailey-Little Saline-Clear Creek of
Illinois, the Ross-Harriman-Camden of western Tennessee, and the
Helderberg-Oriskany-Esopus of New York, although the litho-
stratigraphic sequences in these areas are quite different. In making
this comparison it should be kept in mind that the New York sec-
tion represents a more complete faunal succession than do the sec-
tions in these other areas (text-fig. 138; text-fig. 51).
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Text-figure 13B. Correlation chart showing the inferred relation between Early

Devonian strata of Oklahoma and New York. The Sallisaw Formation is present

only in northeastern Oklahoma and the Haragan-Bois d’Arc Formations only in

the Arbuckle Mountains region and Criner Hills. The New York geological

survey places the Silurian-Devonian boundary somewhat lower in the section,

between the upper and lower Rondout. This chart is not to scale, either in
terms of stratigraphic thickness or of time.

Little Saline Formation.— The Little Saline Limestone crops
out in Ste. Genevieve County, southeastern Missouri.* Accord-
ing to Weller and St. Clair (1928, p. 136-141), the type lo-
cality is at ‘the quarries of the Ozora Marble Company on the east
bank of the Little Saline Creek, about two miles southwest of
Ozora. In April of 1961 the senior author and F. H. Manley
examined the strata at the type locality and collected a number of
fossils. The Little Saline is a light-gray to pinkish-gray, richly
fossiliferous limestone in beds up to a foot or two thick (Weller

* The Backbone Limestone of southwestern Illinois is generally considered to be an
exact correlative of the Little Saline Limestone (Weller, 1944, p. 208; Cooper,
1944b, p. 219). In April of 1961 the senior author and F. H. Manley examined
exposures of the Backbone Limestone along Hutchins Creek in northern Union
County, Illinois. The lithologic character of these strata is similar to that of the
Frisco; two thin sections show the rock o be a biosparite with little quartz or other
insoluble material. No fossils were collected.
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and St. Clair gave a total thickness of 100 feet). The fossils show
some breakage and the bivalved shells have been extensively dis-
articulated; 93 percent of the brachiopods in our collection are
separate valves. Two thin sections show this rock to be a biosparite
with a texture much like that of the Frisco. The fossil debris in-
cludes many pelmatozoan plates along with brachiopod and snail
shells, bryozoans, and other organisms. There is little quartz or other
insoluble debris, and the Little Saline appears to be a rather high-
calcium stone. No dolomitic strata were observed by us.

In 1922 Stewart described and illustrated the Little Saline fauna.
This fauna totals 102 species and is, like the Frisco and Oriskany
faunas, strongly dominated by the brachiopods and mollusks.
Stewart described 43 species of brachiopods (only one is an in-
articulate brachiopod), 21 gastropods, 11 bryozoans, 17 trilobites,

TABLE 3.--BRACHIOPODS FROM THE LITTLE SALINE
LIMESTONE OF MISSOUR]I
(from Stewart, 1922)

Frisco : Little Saline Limestone Oriskany

? Levenea oriskania (Stewart}

L. lenticularis (Vanuxem)

X Rhipidomelloides rnusculosus (Hall) X
R. emarpginatug (Hall)

- Lept aena ventricosa (Hall)
Strophodonta missouriensis Stewart
S. ef. 5. demissa (Conrad)

S. cf. 8. inaequiradiata Hall

? S. aff. S. majus (Clarke}

5. sp.

X Leptostrophia magnifica (Hall)

L. magniventra Hall

Schuchertella sp.

Anoplia nuecleata {Hall)

Chonostrophia complanata (Hall)

Costellirostra peculiaris (Conrad)

Eatonia plicata Stewart

Plethorhyncha [?] parvum ({Stewart)

P. [?] salinense (Stewart)

X P, {?] welleri (Stewart)

P. barrandi {(Hall)

P. principale (Hall)

Centronella glansfagea (Hall)

? Rensselaeria elongata {Conrad)

Pleurothyris cf. P. stewart{ (Clarke)

Beachia suessana (Hall)

X Prionothyris perovalis Cloud

Atrypa reticularis (Linné)

Costispirifer arenosus (Conrad)

Hysterclites (A.) murchisoni (Castelnau)

"Spirifer" varicosus Hall

Metaplasia cf. M. pyxidata Hall

X Cyrtina rostrata Hall

Rhynchospirina attenuata (Stewart)

? Trematospira multistriata (Hall)

Nucleospira cf, N, ventricosa (Hall)

X Meristella carinata Stewart

M. ampla Stewart

M. elliptica Stewart

M. ovalis Stewart

Leptocoelia flabellites {Conrad)

Coelospira dichotoma (Hall)
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4 corals, 3 pelecypods, 2 “pteropods,” and 1 crinoid. The articulate
brachiopods are listed on table 3.

The Little Saline fossils collected by the senior author and F. H.
Manley include the following brachiopods:

Rhbipidomelloides musculosus
Leptaena ventricosa
Leptostrophia magnifica
Strophodonta missouriensis?
Costellirostra peculiaris
Plethorbyncha? wellers

P. ct. P. barrands

Chonetes? sp.

Hipparionyx? sp.
Costispivifer arenosus
Hysterolites (A.) murchisons
Meristella carinata

Atrypa sp.

Prionothyris perovalis
Rensselaeria ct. R. elongata

Two of the genera cited above were not recorded by Stewart;
however, the specimens which we have referred to these species
are not well preserved and these identifications are provisional.

The articulate brachiopod fauna described by Stewart comprises
28 genera and 42 species, 11 being new species proposed by
Stewart.* This is a somewhat larger fauna than that of the Frisco;
however, some of the species of Plethorbyncha? and Meristella
may be only minor morphologic variations of the same species (see
discussion under Plethorbyncha? welleri). This fauna has unmis-
takable affinities with those of the Oriskany and Frisco Formations.
Twenty of the 29 Frisco genera (69¢%) and 18 of the 32 species
(56% ) are present in the Little Saline Limestone (six of the
species identifications are provisional; see text-fig. 14). It is some-
what surprising to find that the Frisco shows a closer faunal correla-
tion with the Oriskany than with the Little Saline, in spite of the
fact that the Little Saline is ruch closer geographically and is
lithostratigraphically nearly identical with the Frisco; 83 percent
of the Frisco genera and 63 percent of the species (including pro-
visional identifications) are present in the Oriskany (compare text-
figs. 13a and 14). However, in making this comparison it should
be kept in mind that the Oriskany fauna (including the fossils

* We borrowed Stewart’s type specimens of Meristella carinata, Plethorbyncha?
salinense, P. ? parvum, and P. ? welleri from Walker Museum, University of Chi-
cago; the types of M. carinata, P. ? welleri and P. ? salinense are illustrated on
plate X, figures 4-12, and plate XII, figures 4-7.
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Text-figure 14. Chart showing the number of Frisco genera (left side) and

species (right side) present in the Little Saline Formation of Missouri. The

lower part of the bar on the right side shows the number of Frisco species which

are definitely present in the Little Saline, and the upper part (marked with a

query) the number which are questionably present. This is based on the data
given in tables 1, 3. Compare with text-figure 18.

from the Ridgeley Sandstone of Maryland and Glenerie Limestone
of New York) is much larger than those of either the Frisco or
Little Saline.

The faunal sequence in southeastern Missouri is like that found
in Oklahoma. The Little Saline and Backbone Limestones* are
undetlain by the Bailey Formation, which has a Helderbergian fauna
like that of the Haragan-Bois d’Arc Formations of Oklahoma (Ams-
den, 1958a, p. 24) and are overlain by the Clear Creek Chert with
an Esopusian fauna like that of the Sallisaw Formation (see part
II of this report).

Harriman Formation, — The name Harriman Novaculite was
applied by Dunbar (1919, p. 71) to a sequence of light-colored,
thin-bedded cherts exposed in Decatur County of western Tennessee.
In the same publication Dunbar proposed the name Quall for the
light-gray, cherty and glauconitic limestones exposed on the farm
of Jim Quall in Hardin County, western Tennessee. . These were
treated as distinct lithostratigraphic units, although the faunas re-
corded from them were nearly identical and both were correlated
with the upper Oriskany Sandstone. More recently C. W. Wilson;

* In Ste. Genevieve County, Missoutri, the Little Saline Limestone is overlain by the
Grand Tower Limestone, the lower part of which is upper Onondagan in age
(Cooper and others, 1942, chart 4; Cooper, 1944b, p. 219); however, a short dis-
tance to the south, in southwestern Illinois, the Backbone Limestone is overlgm by
the Clear Creek Chert, which is herein correlated with the Sallisaw Formation of
Oklahoma.
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Jr., (1949, p. 306-307) restudied the Devonian of western Tennes-
see, and obtained evidence from some fresh exposures that the
Quall Limestone is a facies of the Harriman Chert. Therefore he
proposed to combine the two into a single stratigraphic unit, the
Harriman Formation, a procedure which is followed in the present
report. The senior author has studied Dunbar’s collections from the
Harriman Formation, which are in Peabody Museum, Yale Uni-
versity. These collections include a number of well-preserved
brachiopods from the Harriman Chert, most of these being in the
form of external molds and steinkerns.

TABLE 4.—BRACHIOPODS FROM THE
HARRIMAN FORMATION, TENNESSEE
(from Dunbar, 1918)

Frisco Harriman Formation Oriskany

X Leptostrophia magnifica (Hall)

L. oriskania (Clarke)

L. magniventra (Hall)

Leptaena ingens Dunbar

Anoplia nucleata (Hall)

Chonetes? hudsonicus camdenensis Dunbar
Chonostrophia complanata Hall
Costellirostra peculiaris (Conrad)
Plethorhyncha ¢f. P. barrandi (Hall)
Costispirifer arenosus (Conrad)
Hysteroclites {A.) murchisoni (Castelnau)
H. (A.) perdewi (Schuchert)

"Spirifer" paucicostatus Schuchert
"Spirifer" nearpassi Weller
Metaplasia pyxidata (Hall}
Meristella lata (Hall)

M. rostellata Schuchert

Coelogpira dichotoma (Hall)
Leptocoelia flabellites (Conrad)

X Cyrtina rostrata (Hall)

Beachia suessana (Hall)

? Rensselaeria elongata (Conrad)
Prionothyris saffordi (Dunbar)

Dunbar (1919, p. 70, 75-76) reported a total of 34 species
from the Harriman Formation (Quall Limestone and Harriman
Novaculite combined), distributed as follows: 23 brachiopods, 5
corals, 3 mollusks, and 1 crinoid. The brachiopods are listed on
table 4. As noted by Dunbar, the Hartiman fauna has marked
affinities with that of the Oriskany. Fifteen of the 18 genera (83%)
and 19 of the 23 species (83% ) in the Harriman are present
in the Oriskany. The correlation between the Frisco and Harri-
man faunas is not so conspicuous, but there are still a number of
genera and species common to the two formations (text-fig. 15);
14 of the 29 Frisco genera (49%) and 9 of the 32 species
(28% ) are present in the Harriman. There is thus a considerably
closer relationship between the Frisco and Oriskany brachiopods
than between the Frisco and the Harriman brachiopods. This may
be related, at least in part, to the fact that the Oriskany has a much
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Text-figure 15, Chart showing the number of Frisco genera (left side) and

species (right side) present in the Harriman Formation of western Tennessee.

The lower part of the bar on the right side shows the number of Frisco species

which are definitely present in the Harriman, and the upper part (marked with

a query) the number which are questionably present. This is based on the data
given in tables 1, 4. Compare with text-figure 18.

larger fauna than has the Harriman. It may also be that the
Harriman Chert facies (from which most of the Harriman fossils
come) tepresents an environment somewhat farther removed from
the Frisco than does that of the Oriskany. This last point is open
to question. Wilson (1949, p. 308) suggested that the cherts
of the Harriman are post-depositional, resulting from the concen-
tration of silica by ground waters, in which case they would have
no significance in terms of the original environment of the rock.
We have not had an opportunity to study the lithostratigraphic
relationships of this formation and therefore cannot comment on
this rather crucial point.

Grande Greve Formation,— The Grande Gréve Limestone
crops out on Gaspé Peninsula, Quebec (Clatke, 1908, map, app.
p. 102; Parks, 1931, fig. 1). According to Clarke (1908, p. 39-41)
this formation consists of about 550 feet of fossiliferous limestones,
cherty limestone, and argillaceous limestones. We have not had
an opportunity to study Grande Greve fossils; but, according to
Clarke, the fauna consists of 157 species distributed as follows:
) anoelids, 16 trilobites, 3 ostracodes, 4 cephalopods, 5 pteropods,
21 gastropods, 16 pelecypods, 73 brachiopods, 3 bryozoans, 7 corals,
2 graptolites, and 2 sponges. The articulate brachiopod fauna is a
large one, comprising the 60 species listed in table 5, although it
might be noted that, for certain genera such as Leprostrophia and
Strophodonta, Clarke recognized a suspiciously large number of
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species. It is somewhat difficult for us to appraise this fauna and
its relationships as our knowledge is based entirely on published
descriptions; however, it would appear to have marked Oriskany
affinities. Of the total fauna, 52 species are either conspecific with,

TABLE 5. —BRACHIOPODS FROM THE GRANDE GR}BVE
FORMATION OF QUEBEC
{from Clarke, 1908)

Frisco Grande Greéve Formation Oriskany

X Rhipidomelloides musculosus (Hall) X

R. [?] logani {Clarke)

Loganella lehuguetiana (Clarke)

Schizophoria? amii Clarke

Platyorthis lucia (Billings)

Chonetes [?] canadensis Billings

C. [?] billingsi Clarke

C. [?] antiopa (Billings)

Eodevonaria melonica (Billings)

Chonostrophia complanata Hall

Anoplia nucleata (Hall)

Leptostrophia magnifica (Hall)

L. magnifica tullia (Billings)

L. irene (Billings)

L, oriskania Clarke X

L. tardifi Clarke

L. magniventra

X Pholidostrophia [?] lincklaeni {(Clarke)
[not Hall, 1857]

Strophodonta hunti Clarke

S. pattersoni precedens Clarke

S. ecrebristriata simplex Clarke

S. parva avita Clarke

S. galatea (Billings}

S. majus (Clarke)

Leptaena rhomboidalis {Wilckens)

Strophonella continens Clarke

S. ampla (Hall)

Gaspesia aurelia(Blllings)

X Schuchertella becraftensis (Clarke)

S. woolwerthana gaspensis Clarke

Hipparionyx proximus Vanuxem

X Costellirostra peculiaris (Conrad)

? Plethorhyncha barrandi {Hall)

P. pliopleura {Conrad)

Uncinulus [?] mutabilis (Hall)

? Camarotoechia [?] dryope (Billings)

C. [?] excellens (Billings)

C. [?] of. C. ramsayl (Hall)

Leptocoelia flabellites (Conrad)

Coelospira concava (Hall)

Nucleospira ef. N. ventricosa (Hall)

Meristella lata Hall

M. champlaini Clarke

M. [?] fausta (Clarke}

X Hysterolites {A.) murchisoni (Castelnau)

Howellella cycloptera (Hall)

X Costigpirifer arenosus (Conrad)

C. arenosus unicus (Hall)

Elytha fimbriata (Conrad)

Metaplasia plicata Weller

''Spirifer"” raricosta (Conrad)

''S." modestus nitidulus Clarke

X Cyrtina rostrata (Hall) X

Rhynchospirina [?] sp.

Centronella glansfagea {Hall)

Cranaenella [7] ellsi (Clarke)

Etymothyris gaspensis {Clarke)

Renegelaeria? sp.

Beachia amplexa Clarke

B. thunei (Clarke)
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Text-figure 16. Chart showing the number of Frisco genera (left side) and

species (right side) present in the Grande Gréve Formation of Gaspé. The lower

part of the bar on the right side shows the number of Frisco species which are

definitely present in the Grand Gréve and the upper part (marked with a

query) the number which are questionably present. This is based on the data
given in tables 1, 5. Compare with text-figure 18.

or closely related to, Oriskany species (Clarke, 1908, p. 250);
20 of the articulate brachiopods are present in the Oriskany. The
Grande Gréve fauna also shows affinities with that of the Frisco;
21 of the 29 Frisco genera (73%) and 12 of the 32 species
(38% ) are believed to be present in the Grande Gréve (text-
fig. 16).

New England Formations. — The Moose River Sandstone of
Maipe and the Littleton Formation of New Hampshire have gen-
erally been assigned to the Deerparkian Stage, but recently Boucot
and Arndt (1960) showed that these strata have a post-Oriskany
fauna similar to that of the Camden Formation of western Tennessee
(see part II of this report).

Summary. — The Frisco Formation carries a Deerparkian fauna
which is believed to be closely related in age to those of the Little
Saline and Backbone Formations of southeastern Missouri and south-
western Illinois, the Harriman Formation of western Tennessee,
the Oriskany Formation of the Appalachian region, and the Grande
Greéve Formation of Gaspé (text-fig. 17).* These strata carry a
large and varied megafauna which is dominated by the brachiopods.
Approximately 105 brachiopod species have been described, al-
though we suspect some of these are merely minor morphologic

* Deerpatkian strata have been reported from various parts of the western United
States (Cooper and others, 1942, chart 1). These faunas are largely undescribed,
and, as neither of us has had an opportunity to examine fossils from these ateas,
faunal comparisons are not attempted here.
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Text-figure 17. Map of the eastern United States and Canada showing the areas
where Deerparkian strata crop out. The areas and locations of the outcrops are
generalized.

variants and should be suppressed as synonyms. Even so, the brachio-
pods from these strata comprise a large and diverse group. There
are about 20 species out of the total fauna which are especially
abundant and widespread; these are listed in table 6, and a com-
parison of their distribution in the Oriskany, Frisco, Little Saline,
Harriman, and Grande Gréve Formations is shown in text-figure
18 (the range of these genera is shown in text-fig 51). These
data illustrate quite well the Deerparkian affinities of the Frisco
brachiopods. Only four of the 20 genera on this list are not present
in the Frisco: Hipparionyx, Metaplasia, Coelospira, and Leptocoelia.
Two additional species, Meristella lata and Beachia suessana, have
not been found in the Frisco; however, these genera are repre-
sented by related species. The only Frisco genera which do not
appear on this list (and have not been reported from other Deer-
parkian strata) are Spinoplasia, Kozlowskiellina, and Eospirifer.
Spinoplasia is closely related to Metaplasia, and the other two genera
are believed to range from the Silurian into Onesquethawan, or
later, strata.

The close similarity of the Frisco, Little Saline, Oriskany, Harri-
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Text-figure 18. Chart comparing the percentage of common and widespread

Deerparkian brachiopods in the Oriskany, Little Saline, Frisco, Hatriman, and

Grande Gréve Formations. This is based on the species listed in table 6. Queries

indicate the percentage of genera and species which are questionably represented.
Compare with text-figures 134, 14-16, 19.

man, and Grande Gréve brachiopod faunas is especially remarkable
in view of the diverse lithologies represented. The Little Saline
is a bioclastic limestone* which is nearly identical with the Frisco,
whereas the Oriskany is an orthoquartzite with varying amounts of
carbonate cement, and the Harriman is largely a bedded chert
(excluding the Quall facies). One would expect the Frisco fauna
to be most like that of the Little Saline, as this is closest in area
“of outcrop and in lithostratigraphic character; however, as shown
in text-figure 19, the Frisco brachiopods show a slightly closer
resemblance to the Oriskany, followed by the Little Saline, and
least like the Harriman. In this connection it should be noted that
the Oriskany and Grande Gréve have the larger brachiopod faunas,
followed by the Little Saline, the Harriman having the smallest.
Even if these represent precisely contemporaneous faunas, it is
still somewhat surprising to find so close a faunal correlation in
the face of such contrasting lithologies. This suggests that these
represent different lithofacies which were deposited in essentially
similar environments, probably in clear, shallow water with a fairly
firm bottom. The general similarity of the other invertebrate faunal

* We have not examined lithologic specimens from the Grande Gréve, but the avail-
able descriptions suggest that it is, at least in part, a bioclastic limestone similar to
that of the Frisco and Little Saline Limestones.
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elements in these formations lends additional support to this con-
clusion.

All four formations, Frisco, Little Saline, Harriman, and Oris-
kany, are underlain by strata bearing Helderbergian fossils and
overlain by strata bearing Esopusian fossils.

L1TTLE SALINE HARRIMAN ORISKANY GRANDE GREVE
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Text-figure 19. Chart showing the percentage of Frisco genera and species in

the Little Saline Limestone, Harriman Chert, Oriskany Sandstone, and Grande

Gréve Limestone. The figure in parentheses at the bottom of each bar repre-

sents the total number of genera or species which have been described from

that particular formation; this is preceded by the number of Frisco genera (29)

and species (32). The approximate outcrop area of each of these stratigraphic
units is shown in text-figure 17. See also text-figures 14-16, 18.

TABLE 6.-~COMMON AND WIDESPREAD DEERPARKIAN BRACHIOPODS

Little
Saline
Harriman
Grande
Greve

Rhipidomelloldes musculosus {Hall)
Leptostrophia magnifica (Hall)
Leptaena ventricosa (Hall)
Chonostrophia complanata {Hall)
Anoplia nucleata (Hall)
Schuchertella becraftensis {Clarke)
Hipparionyx proximus Vanuxem
Costellirostra peculiaris {Conrad)
Plethorhyncha barrandi (Hall)
Metaplasia pyxidata {(Hall)
Hysterolites (A.} murchisoni (Castelnau)
X Costigpirifer arenosus {Conrad}
Meristella lata Hall

Coelosgpira dichotoma {Hall)
Leptocoelia flabellites (Conrad)
Cyrtina rostrata {(Hall)
Rensselaeria elongata (Conrad)
Beachia suessana (Hall)
Prionothyris perovalis Cloud
Oriskania sinuata Clarke
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BRACHIOPOD DESCRIPTIONS

Thirty-two Frisco brachiopod species, representing 29 genera
and 9 superfamilies,* are described in the following pages. A
complete list of these species, with numbers of specimens and geo-
graphic distribution, is given in tables 1, 1A, 1B, and they are
illustrated on plates I to XIII. Almost all of the brachiopods de-
scribed in this report were collected by Amsden and Ventress from
the Arbuckle Mountains region (Pontotoc and Coal Counties),
and by Amsden from Sequoyah County in northeastern Oklahoma
(a few of the latter were collected by H. E. Christian). The strati-
graphic and geographic distribution of each species is given in the
section on Distribution which concludes each description. ‘This
information has been abbreviated as follows: the stratigraphic sec-
tion or collecting locality from which specimens of a particular
species were obtained is designated by a number with a letter prefix
(e. g. P9 for stratigraphic section 9 in Pontotoc County, or S5 for
stratigraphic section 5 in Sequoyah County); the stratigraphic po-
sition is indicated by a letter (e. g. P9-R; S5-B). A detailed de-
scription and locality of each stratigraphic section has been pub-
lished in earlier reports (Amsden, 1960 and 1961, appendices),
and therefore only a brief geographic location is given below. The
location is also shown in the maps of text-figures 2 and 3.

ARBUCKLE MOUNTAINS REGION, SOUTH-CENTRAL OKLAHOMA
(locations shown on text-fig. 2)

P8 — North side of Bois d’Arc Creek, Pontotoc County; SW14
NW14 sec. 11, T. 2 N., R. 6 E. (Amsden, 1960, p. 277-279, panel
II, pl. A).

P9 — North side of Coal Creek, Pontotoc County; NW14
NW14 sec. 22, T. 1 N, R. 7 E  (Amsden, 1960, p. 279-282;
Amsden, 1961, map, textfig. 25).

P10 — About 3 miles southeast of Fittstown, Pontotoc County;
NEV4 SEV4 sec. 7, T. 1 N., R. 7 E. (Amsden, 1960, p. 282-283).

* At the present time there is no satisfactory ordinal classification of the articulate
brachiopods, and the highest taxonomic rank employed herein is the superfamily.
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P11 —Bed of Bois d'Arc Creek, about 15 mile west of PS8,
Pontotoc County; NEV4 sec. 11, T. 2 N, R. 6 E. (Amsden, 1960,
p. 283-284, panel II, pl. A).

V7 — East side of Goose Creek, Pontotoc County; center SE14
sec. 26, T. 1 N., R. 7 E. (Amsden, 1961, p. 110).

V9 — About a mile southeast of old Hunton Townsite, Coal
County; NEL4 NEV4 sec. 16, T. 1 S, R. 8 E. (Amsden, 1961, p.
111).

V10 — About a mile and a half southeast of old Hunton
Townsite, Coal County; SE14 SEV4 sec. 16, T. 1 S, R. 8 E. (Ams-
den, 1961, p. 111).

SEQUOYAH COUNTY, NORTHEASTERN OKLAHOMA
(locations shown on text-fig. 3)

S1 — Big bend of Sallisaw Creek, Sequoyah County; SW1l4
SW14 SW14 sec. 13, T. 13 N, R. 23 E. (Amsden, 1961, p. 90-92,
pl. I).

S4 — Walkingstick Hollow, Sequoyah County; SW14 SW14
SW14 sec. 1, T. 13 N, R. 23 E. (Amsden, 1961, p. 94-96, pl. I).

S5 — South of St. Clair Lime Company quarry, Sequoyah Coun-
ty; SW14 NEV4 SEY sec. 14, T. 13 N, R. 23 E. (Amsden, 1961,
p. 96-98, pl. I).

S6 — Southwest of St. Clair Lime Company quarry, Sequoyah
County; SEV4 NW14 SEV; sec. 14, T. 13 N, R. 23 E. (Amsden,
1961, p. 99, pl. I).

S6(A) — Southwest of St. Clair Lime Company quarry, Se-
quoyah County; SW14 NEV4 SEV4 sec. 14, T. 13 N, R. 23 E.
(Amsden, 1961, p. 99, pl. I).

S7 — Northwest of St. Clair Lime Company quarry; SEl4
NW14; NEV4 sec. 14, T. 13 N, R. 23 E. (Amsden, 1961, p. 99-100,
pl. I).

S8 — Payne Hollow, Sequoyah County; NW14 SW14 NEl4
sec. 22, T. 13 N., R. 23 E. (Amsden, 1961, p. 101-102, pL I).

S10 — Payne Hollow, Sequoyah County; SW14 SEl4 SEl4
sec. 15, T. 13 N, R. 23 E. (Amsden, 1961, p. 104-106, pl. I).
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GENUS RHIPIDOMELLOIDES

Superfamily DALMANELLACEA

GENUS Rbhipidomelloides BoucoT AND AMSDEN, 1958

Rbipidomelloides musculosus (Hall), 1857
Plate I, figures 18-24; text-figures 20, 21

Orthis musculosa Hall, 1857, p. 46; Hall, 1859, p. 409, pl. 91, figs. 1-3,
pl. 95, figs. 1-7.

Rhipidomella musculosa (Hall). Hall and Clarke, 1892, p. 190, 210, 225,
pl. 6a, fig. 5; Schuchert and Maynard, 1913, p. 305, pl 55, fig. 20,
pl. 56, figs. 1-4; Schuchert and Cooper, 1932, p. 133, 134, pl. 20, fig. 24.

Rhbipidomelloides musculosa (Hall). Boucot and Amsden, 1958, p. 167.

Description, — The immature specimens of Rbipidomelloides

musculosus are subequally biconvex, but with increased size the
shell becomes unequally biconvex and the brachial becomes about
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Text-figure 20. Scatter diagram showing the length-width relationship of

Rbipidomelloides musculosus (Hall) from the Frisco Formation. Specimens from

the Arbuckle Mountains region (Pontotoc and Coal Counties) are indicated by
circles, those from northeastern Oklahoma (Sequoyah County) by triangles.
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twice as deep as the pedicle; on large specimens the brachial valve
is rather uniformly convex, whereas the pedicle is only weakly
convex around the umbonal region, becoming flat toward the an-
terior and lateral margins. Some small pedicle valves show a flat-
tening along the midline, and a few develop a distinct sulcus.
The outline is almost circular with the length about equal to the
width; length/width ratio ranges from 0.9 to 1.0 (text-fig. 20).
Our collections include specimens which range in length from 8
to 36 mm; the dimensions of a number of specimens are given
below. The surface is multicostellate, 15 to 19 costellae occupying
a space of 5 mm.

The pedicle interior has a large, deeply impressed, flabellate
muscle field which occupies more than three-fourths of the shell.
On large specimens the pedicle valve has an extremely thick shell,
a fact which helps to account for the great preponderance of pedicle
valves over brachial valves. We have not observed the brachial
interior; in fact our collections include only three or four mature
brachial valves.

Specimens from the Arbuckle Mountains vegion (Pontotoc and
Coal Comnties).— Our Frisco collections from the type area con-
sist of about 48 specimens of which three are complete with both
valves, 44 are isolated pedicle valves, and one is a brachial valve;
pedicle/brachial ratio 44.0. The dimensions of 20 pedicle valves
are given below:

Length Width Length/Width Costellae
mm mm ratio per 5 mm
8 9 09 15
8 8 1.0 17
9 10 0.9 15
11 11 1.0 —
11 12 0.9 -
11 i1 1.0 .
12 13 0.9 —
12 12 1.0 —
13 14 0.9 —
14 15 0.9 17
24 25 0.9 —
25 25 o
27 27 1.0
29 29 1.0 ——
30 30 1.0
30 32 0.9 19
31 31 1.0
32 32 1.0 15
35 36 1.0

36 36 ' 1.0 —
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| 2 3

Text-figure 21. Pedicle interiors, x3, of three different species of Rbipidomel
loides showing the differences in the sizes of the pedicle muscle areas.

1. R. benrybousensis (Amsden), Henryhouse Formation (Silurian); drawing of a
specimen illustrated by Amsden (1958a, pl. 12, fig. 9).

2. R. oblatus (Hall), Frisco Formation (Deerparkian); drawing of a specimen
illustrated by Amsden (1958a, pl. 2, fig. 3).

3. R. musculosus (Hall), Frisco Formation (Deerparkian); drawing of the speci-
men herein illustrated on plate I, figure 19.

Specimens from northeastern Oklaboma (Sequoyah County). —
Our Frisco collections from this area include about 34 isolated
valves, of which 25 are pedicles and nine are brachials; the pedi-
cle/brachial ratio is 2.7. There are no complete specimens with
both valves and the free valves are poorly preserved. In so far as
can be determined from this fragmentary material these are typical
representatives of R. mwusculosus, similar in all respects to the shells
from the Arbuckles. The costellae spacing is approximately 15 to 16
per 5 mm. In outline the shells are nearly circular with a length/
width ratio ranging from 0.9 to 1.0. The larger pedicle valves are
slightly convex around the umbo, becoming flattened roward the
anterior and lateral margins; the brachial valves are uniformly con-
vex and about twice as deep as the pedicles. The pedicle valve has
a thick shell with deeply impressed, flabellate muscle scars which
occupy a large part of the valve floor. Measurements of 5 pedicle
valves are given below:

Length Width Length/Width Costellae
mm mm ratio per 5 mm
21 22 0.9
23 23 1.0
24 24 1.0
26 28 0.9 15
27 28 1.0

Discussion. — The genus Rbipidomelloides was proposed by
Boucot and Amsden (1958, p. 164-166; type species R. henry-
bousensis) for those rhipidomellids with rectangular marginal
crenulations. Several of our specimens show that the Frisco repre-
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sentatives of this genus have crenulations which are typical for this
genus, being strongly flattened on the crests and separated by narrow
interspaces.

Hall based his original description of R. mausculosus upon speci-
mens from the Oriskany Sandstone of New York and Maryland.
It is difficult to make a precise comparison on the basis of our
rather fragmentary material, but in so far as can be determined the
Frisco specimens are similar in all respects to those from the Oris-
kany. The New York and Maryland specimens have a subcircular
shell with a length/width ratio like those from Oklahoma. Speci-
mens from both areas have an equally biconvex shell, with the
brachial convexity greatly exceeding that of the pedicle. The cos-
tellae spacing appears to be similar and the pedicle musculature
nearly identical. The eastern representatives appear to be slightly
larger with a few shells exceeding 40 mm, but this difference is
not great and we have shells which reach a length of 36 mm.
Some of the smaller pedicle valves in our collections (ie., those
less than 15 mm in length) have a marked flattening along the
midline, and two or three of these develop a distinct sulcus (pl. I,
fig. 22). These shells resemble the subspecies R. musculosus
arctisinuatns, which Schuchert and Maynard (1913, p. 306, pl. 55,
figs. 21, 22) described from the Oriskany Sandstone of Maryland.
The Frisco sulcate specimens appear to grade into the typical non-
sulcate representatives of R. musculosus, and an examination of
the collections at the U. S. National Museum suggests that this is
also true for the Oriskany shells; in fact, Schuchert and Maynard
stated that “the Oriskany material [R. musculosus arctisinuatus}
grades into R. musculosus.”

Three species of Rbipidomelloides are represented in the Hunton
Group, and it is interesting to note the progressive change in the
character of the pedicle muscle scars within this group; R. henry-
housensis from the Henryhouse Formation (Upper Silurian) has
a pedicle muscle field which is shallow and occupies less than half
the shell; R. oblatus from the Haragan Formation (Helderbergian)
has a deeper pedicle scar which occupies more than half the shell;
R. musculosus from the Frisco has a pedicle muscle scar which
occupies more than three-fourths of the shell and is deeply im-
bedded in the much thickened valve (text-fig. 21). Externally
R. musculosus is much like R. oblatus, the two species being similar
in size, shape, and costellation. The Deerparkian species, however,
has a deeper brachial valve than has R. 0blatus, and the length/width
ratio is slightly, but consistently, different. In R. oblatus the width
is almost always greater than the length, this being especially
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marked in mature individuals; whereas in R. musculosus the length

and width are about equal at all stages of growth (compare text-fig.
20 of this report with fig. 8, Amsden, 1958a).

Figured specimens. — Localities P8-H and P11, Pontotoc Coun-
ty; numbers OU 3258-3262.

Distribution. — Rhbipidomelloides musculosus has been widely
reported from the Oriskany Formation in the eastern United States,
and Clarke described specimens from the Grande Gréve Limestone
of Gaspé. It is also present, although uncommon, in the Little
Saline Limestone of Missouri (Stewart, 1922, p. 231, pl. 61, figs.
6-8). Our collections from the Frisco Formation comprise about
80 specimens, mostly isolated pedicle valves, from the following
localities: Pontotoc County, P8-H, P11 (at this section it ranges
through 60 feet of strata), P9-R, P10-V, V3, V7; Sequoyah County,
S1-B, §5-B, $6, S6(A), S7-B, S8-C, S10-B,C.

GENUS Levenea SCHUCHERT AND COOPER, 1931

Levenea sp.
Plate I, figures 5-9

Description. — Levenea sp. has an unequally biconvex shell,
the pedicle valve having fairly strong convexity and the brachial
moderate convexity. Its outline is subcircular; length/width ratio
ranges from 1.0 to 0.9. The pedicle valve is weakly carinate around
the umbonal region, but toward the anterior and lateral margins it
develops a uniform curvature. The convexity of the brachial valve
is variable, some shells having a moderate, some a weak curvature.
The strength of the brachial sulcus is also variable, and on some
valves it is fairly shallow at the front end (pl. I, fig. 5) and on
others moderately deep (pl. I, fig. 9; this specimen is from Se-
quoyah County; see below). This surface is multicostellate, 15 to
22 costellae occupying a space of 5 mm,; shell punctate.

The pedicle valve has short, but deeply impressed, muscle scars,
with the adductors on an elevated track (pl. I, fig 7). None of
our brachial interiors is well preserved, but some spcimens do
show a prominent cardinal process with a short shaft and relatively
large brachiophores which do not seem to extend forward very far.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — Twenty-eight specimens are in our collections
from this area, although many of these are quite fragmentary. All
are free valves, the pedicle/brachial ratio being 1.0. The dimensions
of eight reasonably complete pedicle valves are given below:
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Length Width Length/Width Costellae
mm mm ratio per 5 mm
17 18 0.9 .
20 21 0.9 18
21 23 0.9 19
22 23 0.9 18
22 22 1.0
22 o - 21
23 25 09
23 25 0.9 18

The dimensions of 6 brachial valves are given below:
19 22 0.9 --
20 22 0.9 19
21 24 0.9
23 - 18
25 28 0.9 17
25 27 0.9 17

Specimens from northeastern Oklahoma (Sequoyah Counry). —
Our collections from Sequoyah County include a number of frag-
mentary, punctate orthids which we refer to Levenea sp. Some are
well enough preserved to leave little doubt that they are conspecific
with those from the Arbuckles. However, among the more frag-
mentary shells are some of questionable identity and these may
include shells representing other genera.

We have 25 shells from this area, of which seven are pedicles
and 18 are brachials; pedicle/brachial ratio 0.4. Most of these are
incomplete; the brachial valve illustrated on plate I, figure 9
measures 20 mm long by 23 mm wide.

Some of the larger brachial valves from the Marble City area
have a fairly strong convexity and a rather prominent sulcus. In
fact, the brachial sulcus of the Sequoyah County specimens ts gen-
erally better developed than on those from the Arbuckle region
(compare the valve illustrated on pl. I, fig. 5 with the one shown
in pl. I, fig. 9). Other than this the specimens from the two areas
are similar, including the internal structure of the pedicle valve
(none of the Sequoyah County specimens shows the character of
the brachial valve).

Discussion. — The better preserved Frisco specimens, most of
which come from the Arbuckle Mountains region, appear to have
the internal and external characters of the genus Levemea. The
pedi¢le muscle scars are somewhat larger and deeper than are those
in t’ﬁe genotype L. subcarinata, but this is not unusual in view of
the relatively large size of the Frisco shells. The Sequoyah County
specimens are not so well preserved as are those from the Arbuckles,
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and among the more fragmentary individuals from this area may
be representatives of Isorthis and/or Plaryorthis.

Levenea sp. appears to have an external resemblance to Dal-
manella oriskania Stewart (1922, p. 229, pl. 61, figs. 12-14) from
the Little Saline Limestone of Missouri. Stewart did not describe
the internal characters of the Missouri species, but it has the ex-
ternal appearance of a Levenea, and in the original description it
was compared to Levenea subcarinata from the Helderberg (Schu-
chert and Cooper, 1932, p. 123, did not list Dalmanella oriskania
under Levenea). We are reluctant to assign the Frisco specimens to
oriskania without more diagnostic data, although it seems quite
possible that the Oklahoma and Missouri shells are conspecific.

Figured specimens. — Localities P11, Pontotoc County, and $5-B,
Sequoyah County; numbers OU 3246-3250.

Distribution. — We have 26 specimens, all free valves, from
the Frisco Formation in the Arbuckle Mountains region; all of
these came from the lower five feet of the formation at strati-
graphic section P11. There are 26 free valves in our Sequoyah
County collections; these came from S5-B, S6, S6(A), S7-B.

GENUS Platyorthis SCHUCHERT AND COOPER, 1931

Platyorthis? sp.
Plate I, figures 16, 17

Description.— Our collections include seven brachial valves
which are provisionally referred to Platyorthis. These are almost
circular in outline with the length slightly greater than the width;
pedicle/brachial ratio 0.8 and 0.9. The brachial valve is almost
flat with weak curvature in the umbonal region; there is a slight,
poorly defined sulcus on the anterior half of the valve. Surface

multicostellate, 11 to 12 costellae in a distance of 5 mm. Shell
punctate,

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties).— Four brachial valves from Pontotoc County.
The specimen figured on plate I, figure 16 measures 15 mm long
and 16.5 mm wide.

Specimens from northeastern Oklahoma (Sequoyah County). —
Three brachial valves from Sequoyah County. The figurcd specimen
(pl. I, fig. 17) measures 14 mm long by 17 mm wide.
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Discussion. — The reference of this species to Platyortbis is pro-
visional as it is based entirely on the external features of the
brachial valve; we have not seen any brachial interiors or any
pedicle valves. The brachial valve has the circular outline and
flattish surface which is characteristic of this genus.

The Frisco material is inadequate for specific identification. Our
shells appear to be somewhat smaller and more finely ribbed than
P. planoconvexa (Hall) from the Oriskany Sandstone (Amsden,
1958b, p. 52) and P. lucia (Billings, 1874; Clarke, 1908, p. 204,
pl. 44, figs. 8-20) from the Grande Gréve Limestone of Gaspé.
The size is similar to that of P. angusta Amsden (Amsden, 1958b,
p. 51-53, pl. 1, figs. 11-21) from the Bois d’Arc Formation, but
the Frisco shells appear to have somewhat coarser costellation.

We might digress here to add some remarks on the genotype,
P. planoconvexa, a species which Hall (1859, p. 169) and most
subsequent authors (Cooper, 1944a, p. 355) have considered to
range from the Helderberg into the Oriskany. In 1958 the senior
author (Amsden, 1958b, p. 51-53, pl. 1, figs. 11-21) established
a new species, P, angusta, from the Bois d’Arc Formation (Helder-
berg). It was noted that, among other things, this species differed
from the Oriskany representatives of Platyorthis planoconvexa
(Schuchert and Cooper, 1932, pl. 19, fig. 23) in having a relatively
narrow pedicle muscle scar. Recently the senior author had an
opportunity to examine the U. S. National Museum collections of
Platyorthis from the New Scotland (Helderberg) strata at Licking
Creek, Washington County, Maryland, and from the Oriskany Sand-
stone. Externally, the Helderberg and Oriskany shells are much
alike, the most conspicuous difference being size; some Oriskany
shells reach a length of 22 mm and a width of 27 mm, whereas
the largest New Scotland specimen observed was 17 mm long.
There is, however, a difference in the pedicle interiors, those from
the Oriskany having a large, fan-shaped pedicle muscle scar, whereas
the Helderberg shells have a relatively narrow muscle field like
that of P. angustus. We have not examined Hall’s type specimens,
but they should be restudied and a lectotype selected to represent
the species.

Figured specimens. — Localities P11, Pontotoc County, and S5-
B, Sequoyah County; numbers QU 3256, 3257.

Distribution. — Seven brachial valves from localities P11, Ponto-
toc County, and S5-B and S6(A), Sequoyah County.
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Superfamily STROPHOMENACEA

GENUS Leptostrophia HALL AND CLARKE, 1892
(emended Williams, 1953)

Leptostrophia magnifica (Hall), 1857
Plate II, figures 1-5
Strophomena (Strophodonta) magnifica Hall, 1857, p. 54-55.
Strophodonta magnifica Hall, 1859, p. 414-415, pl. 93, fig. 4, pl. 94, figs.
2a-d, pl. 95, fig. 8.

Stropheodonta (Leptostrophia) magnifica Hall, Hall and Clarke, 1892, p. 288,
pl. 13, figs. 27, 28; Schuchert and Maynard, 1913, p. 313-319, pl. 58,
figs. 2-5.

Leprostrophia magnifica (Hall). Williams, 1953, p. 40.

Description. — Specimens of Leptostrophia magnifica are com-
mon in parts of the Frisco Formation, especially in the Arbuckle
region, but our collections consist entirely of isolated pedicle valves,
most of which are exfoliated and incomplete. The pedicle valve
has a long, straight hinge line, and on most specimens the cardinal
extremities are broadly rounded (pl. II, fig. 3). On one specimen
the shell is slightly alate and the hinge line marks the point of
greatest width; this extended hinge may be in part the result of
breakage, but we suspect that, at least in part, it reflects a morpho-
logic variation of the species. The anterolateral margins are rounded.
The width is greater than the length at all growth stages, although
the length/width ratio ranges widely from 0.6 to 0.9. The pedicle
valve is gently and evenly convex, a specimen 36 mm long having
a depth of about 3 mm. No brachial valves are in our collections.

The surface is multicostellate, the costellae spacing ranging from
11 to 25 in a distance of 5 mm. As the shell grew larger, new
coste]lae were added by implantation and bifurcation so that the
spacing remains more ot less constant from beak to front. However,
the costellae tend to broaden slightly with increased shell size, as
shown in the measurements given below.

Some of the shells of this species attain a large size. One speci-
men in our collection has a width of 95 mm, and shells 60 to 70
mm wide are moderately common.

None of our specimens shows the detailed structure of the
pedicle interior, but several are sufficiently exfoliated to reveal the
large, fan-shaped muscle field which is so characteristic of this
species. No brachial interiors were seen.
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Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — L. magnifica is one of the more common species
in the Frisco Formation of the Arbuckle region. Our collections
include about 120 pedicle valves although many of these are only
fragments. We have no brachial valves. The dimensions of 13
pedicle valves are given below:

Costellae
Length Width Length/Width per 5 mm
mm mm ratio {(at anterior end)

6 7 0.8 18
12 14 0.8 25
36 45 0.8 20
37 44 0.8 21
42 49 0.9 19
44 55 0.8 20
48 54 0.9 15
57 73 0.8 15
58 73 0.8 14
59 73 0.8 18
63 70 0.9 14
67 89 - 0.8 12
77 95 0.8 11

Specimens from mnortheastern Oklaboma (Sequoyah County).
—- L. magnifica is not nearly so common in northeastern Oklahoma
as it is in the Arbuckle region. Our collections include only 12
specimens, all of these being isolated pedicle valves. Most of these
are small, but we have one specimen with an estimated length of
55 mm and an estimated width of 68 mm. The dimensions of five
specimens are given below:

Length Widch Length/Width Costellae
mm mm ratio per 5 mm
13 16 0.8 -
15 17 09 19
20 24 0.8 17
23 37 0.6 -
35 68 0.8 11

Discussion. — The genus Leptostrophia was proposed by Hall
and Clarke, the genotype being L. magnifica (Hall). from the
Oriskany Sandstone; in 1953 Williams emended the original generic
diagnosis.

Hall’s original description of L. magnifica was based upon speci-
mens from the Oriskany Sandstone of Albany and Schoharie Coun-
ties, New York. In 1857 Hall also recorded this species from
Cumberland, Maryland, and in 1913 Schuchert and Maynard de-
scribed and illustrated Maryland specimens. Our Frisco specimens
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appear to be like those from New York and Maryland in all
respects. The length/width ratio is like that given by Hall (1859,
p. 414) and the size of our largest specimens approaches that of
the eastern representatives. This comparison is, of course, based
entirely upon the pedicle valves as we do not have any brachials
in our Frisco collectioss.

This species has some resemblance to the non-wrinkled variety
of L. becki tennesseensis Dunbar from the Bois d’Arc Formation
(Amsden, 1958a, p. 78-80, pl. 3, figs. 15-20, pl. 6, fig. 1, pl. 11,
tigs. 27, 28; Amsden, 1958Db, p. 58-59, pl. 2, figs. 7-9). The Bois
d’Arc species, however, has a much smaller shell with coatser
costellation.

Figured specimens, — Localities P8-H, P11, Pontotoc County,
and S5-B, Sequoyah County; numbers OU 3263-3267.

Distribution. — Leprostrophia magnifica has been rather widely
reported from the Oriskany Sandstone in the eastern United States.
Clarke (1908, p. 190, pl. 38, figs. 1, 2) described specimens from
the Grande Gréve Limestone of Gaspé; Dunbar (1919, p. 70-75)
recorded it from the Harriman Formation of western Tennessee;
and Stewart (1922, p. 233-234, pl. 62, figs. 1-3) reported that
it is abundant in the Little Saline Limestone of Missouri.

This is one of the more common species in the Frisco Forma-
tion in the Arbuckle region; we have about 120 specimens from
the following localities: P9-R, P10-V, P11-V, P10, V7, V9; on
P11 it was collected through the lower 40 feet of the Frisco and
elsewhere in the lower 5 feet. Twelve specimens in our collections
are from Sequoyah County: $5-B, $6, §7-B, S8-C.

GENUS Pholidostrophia HALL AND CLARKE, 1892
(emended Williams, 1953)

Pholidostrophia? sp.
Plate XI, figures 21, 23

? Stropheodonta lincklaeni Clark, 1900, p. 53, pl. 6, fig. 37 [not Hall 1859,
p. 415, pl. 93, figs. 2, 3a, 3b].

Discussion. — We have six fragmentary specimens of a large,
concavo-convex strophodontid with moderate convexity. The in-
teriors of these shells have weak, radiating ridges, but the exteriors
are smooth except for concentric growth-lines. None of our speci-
mens shows the character of the pedicle interior, and the only
brachial interior is that of the valve fragment illustrated on plate
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X1, figure 23. These resemble the specimen which Clarke identi-
fied as Stropheodonta lincklaeni Hall (from the Oriskany Sandstone,
Becraft Mountain, N. Y.) and in order to make a more precise
comparison we borrowed Hall’s type specimens of S. lincklaent
from the American Museum of Natural History (also from the
Oriskany Sandstone of New York) and Clarke’s figured speci-
men from the New York State Museumn (pl. XI, fig. 22). Hall’s
specimens, which consist of a pedicle exterior and two brachial
steinkerns, represent a finely ribbed concavo-convex strophodontid
with shallow curvature.* Clarke’s figured specimen is a brachial
interior with part of the shell broken away to reveal a mold of the
exterior (pl. XI, fig. 22). Although Clarke (1900, p. 53) stated
that fine striae are present, his figured specimen does not reveal
any trace of costellae and is, therefore, quite unlike Hall’s specimens
of §. lincklaeni. Clarke’s specimen is, however, similar to the Frisco
shells and we suspect that these represent a common species, but
better material is needed to verify this. Clarke (1908, p. 184-185,
pl. 34, figs. 15-18) described and figured a specimen from the
Grande Gréve Limestone which may also be conspecific with the
Oriskany and Frisco specimens.

The generic position of these shells is uncerrain. They have
the outline, profile, and smooth exterior of Pholidostrophia sensu
lato (Williams, 1953, p. 36), but, in so far as we can tell, they do
not have a pseudonacreous shell. They are far larger than any
known species of Lissostrophia, and have a much shallower con-
vexity than is normal for this genus. Nothing is known about the
pedicle interior of either the Frisco or Oriskany specimens, and the
structure of the brachial valve is known only from rather fagmen-
tary material.

Figured specimens.— The pedicle valve figured on plate XI,
figure 21, is from locality S6; number QU 3940. The brachial
interior illustrated in plate XI, figure 23, was borrowed from Pea-
body Museum, Yale University, and is from the Frisco Limestone
“near Marble City, Okla.,” YPM 21751; (a plaster cast of this
specimen is in The University of Oklahoma repository, OU 3941).

Distribution. — Clarke’s figured specimen is from the Oriskany
Sandstone, Becraft Mountain, Hudson, New York. All Frisco speci-
mens collected by us came from Sequoyah County, Oklahoma, lo-
cality S6.

* The pedicle valve may be a partly exfoliated specimen of Leptostrophia magnifica;
the brachial interiors, however, appear to represent the genus Stropbodonta.
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GENUS Strophodonta HALL, 1850
(Stropheodonta Hall, 1852, of authors)
(emended Williams, 1953)

Strophodonta sp.
Plate II, figures 6, 7; text-figure 22

Description. — We have four pedicle valves in our Frisco col-
lections from Sequoyah County which ate here referred to Stropho-
donta sensu lato. These are convex, as shown in text-figure 22, but
the degree of convexity is sufficiently different among them to sug-
gest they may represent two species. On the other hand, the similar-
ity in outline and ornamentation points to a close relationship. These
valves are transversely elliptical in outline, the largest one measur-
ing 20 mm wide and 15 mm long, and the smallest 15 mm wide
and 11 mm long. The surface is costellate, 20 to 21 costellae oc-
cupying a space of 5 mm; the costellae are subangular and are
separated by relatively broad interspaces. Minor costellae in the
interspaces are apparently absent.

Pedicle and brachial interiors are unknown.

Discussion. — This genus has generally been cited as Stropheo-
donta Hall, 1852 (Schuchert and LeVene, 1929, p. 118; Williams,
1953, p. 34), but Imbrie (1959, p. 375) has shown that Stropho-
donta Hall, 1850, is the proper orthography and reference. Since
Hall proposed this genus, it has been discussed and diagnosed by
many authors. The latest and most comptehensive treatment is
that of Williams (1953), who proposed two subgenera, Stropho-
donta (Strophodonta) and Strophodonta (Brachyprion). We have

Text-figure 22. Strophodonta sp. Profile drawings

of two pedicle valves, x3, showing the variations

in degree of curvature. Frisco Formation, Se-
quoyah County, Oklahoma.
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no information pertaining to the internal character of our species;
in fact the brachial valve is completely unknown, and therefore its
reference to Strophodonta is based entirely upon the external fea-
tures of the pedicle valve. It is clearly a costellate Strophomenacea
with normal curvature and accordingly is assigned to Strophodonia
sensu lato. Our specimens have an external resemblance to the
Little Saline species which Stewart (1922, p. 235, pl. 62, figs. 6, 7)
identified as Brachyprion cf. B. majus Clatke. B. majus was first
described by Clarke (1900, p. 54-56, pl. 8, figs. 8-13) from speci-
mens out of the Oriskany Sandstone of New York, and later from
the Grande Gréve Limestone of Gaspé (Clarke, 1908, p. 190, pl.
36, figs. 1-6). Both the Oklahoma and Missouri shells differ in
their ornamentation from those described by Clarke, the Oriskany
specimens having minor costellae alternating with major ones. The
morphology of the Frisco species is not sufficiently well known to
justify a more precise identification.

Figured specimens.— Localities S8-C and S10-B, Sequoyah
County; numbers OU 3268-3269.

Distribution.— Four specimens from localities §5-B, §8-C,
S10-B, Sequoyah County.

GENUS Strophonella HALL, 1879
(emended Williams, 1953)

Strophonella sp.
Plate 1I, figure 8

Discussion. — There are two fragmentary specimens of a re-
supinate Strophomenacea in our Frisco collections. The curvature
would appear to have been fairly uniform except for a small area
around the umbo which is nearly flat. Both specimens are exfoliated,
but enough of the surface remains to show that they were once
costellate with about 6 costellae per 5 mm. The larger of these
shells, when complete, had an estimated length of 25 to 28 mm
and a width of 35 to 37 mm. Nothing is known of the interiors.

In so far as we are aware no species of Strophonella have been
described from the Oriskany Formation. Clarke (1908, p. 247-248)
recorded several species from the Grande Gréve Limestone.

Figured specimens.— Locality S5, Sequoyah County; number
OU 3270.

Distribution. — Two incomplete specimens from S8-C and near
S5, Sequoyah County.
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GENUS Leptaena DALMAN, 1828

Leptaena ventricosa (Hall), 1857
Plate II, figures 9-14

Strophomena depressa ventricosa Hall, 1857, p. 35-36.

Strophomena rugosa vemtricosa Hall. Hall, 1859, p. 417-418, pl. 94, figs.
2af, 3,

Leptaena rhomboidalis ventricosa (Hall). Hall and Clatke, 1892, pl. 15a,
fig. 43; Schuchert and Maynard, 1913, p. 309, pL 56, fig. 18, pl. 57, fig. 1.

Leptaena ventricosz (Hall). Stewart, 1922, p. 231, pl. 61, figs. 15-17.

Description. — Lepraena ventricosa is represented in our collec-
tions mostly by pedicle valves, many of which are badly broken and
incomplete. It is difficult to get a clear picture of the shell morphol-
ogy on such incomplete material, although it is quite evident that
L. ventricosa varies considerably in profile and outline. All reason-
ably complete shells show a well-marked, rugose visceral disc sep-
arated from the non-rugose trail by a sharp geniculation; however,
the disc exhibits considerable variation, being almost flat on some
individuals (pl. II, fig. 10) and strongly concave on others (pl. 11,
figs. 12, 13). On some specimens (pl. II, fig. 13) the trail is large,
equaling or even exceeding the length of the visceral disc. (This
structure is broken on many shells, so that it is impossible to deter-
mine the original size.) Although the outline varies considerably,
most shells are transversely subquadrate, the length/width ratio
falling between 0.6 and 0.8, but on a couple of specimens the
length and width are nearly equal. Our collections include only a
few fragmentary brachial valves.

The visceral disc is crossed by concentric rugae which range
widely in width and spacing. Both the disc and the trail are marked
by radial costellae; 9 to 17 occupy a space of 5 mm.

The pedicle interior is characterized by deeply impressed, sub-
circular muscle scars; the muscle area is divided into two parts by
a thick ridge or platform which presumably represents the point of
attachment of the adductor muscles (pl. II, fig. 14). No brachial
interiors observed.

Specimens from the Arbuckle Mountains region (Pomsotoc and
Coal Counties).— L. ventricosa is common in the Frisco of the
type area although we do not have any well-preserved articulated
specimens. Our collections include 50 specimens, 45 of which are
pedicle valves; pedicle/brachial ratio is 9. The dimensions of three
reasonably complete pedicle valves are given below:



LEPTAENA VENTRICOSA 77

Length Width Length/Width Costellae
mm mm ratio per 5 mm
32 42 0.8 13
32 42 0.8 14
44 56 0.8 9

Specimens from northeastern Oklahoma (Sequoyab County). —
L. ventricosa is not so commen in the Frisco of northeastern Okla-
homa as it is in the Arbuckles, but the preservation is slightly better
and we have several pedicle valves which are reasonably complete.
Our collections from this area comprise 27 pedicle valves and two
brachials, giving a pedicle/brachial ratio of 13. The dimensions
of seven pedicle valves are given belcw:

Length Width Length/Width Costellae
mm mm ratio per 5 mm
18 24 0.7 17
24 32 0.7 15
25 40 0.6 14
30 35 0.9 15
32 41 0.8
32 34 0.9 14

41 42 1.0 11

Discussion. — Hall based his original description upon speci-
mens from the Oriskany Sandstone of New York and Maryland;
later Hall and Clarke, and Schuchert and Maynard published addi-
tional illustrations of this species. The senior author has examined
a number of well-preserved Oriskany specimens of L. ventricosa
at the U. S. National Museum. These are similar to the Frisco
shells in size, outline, and profile; the pedicle interiors of the Oris-
kany and Oklahoma species are almost identical. The only differ-
ence seems to be in the spacing of the costellae, the Oriskany shells
having 8 to 10 costellae in a space of 5 mm, whereas the Oklahoma
shells may have as many as 17 in a space of 5 mm.

The Bois d’Arc species L. cf. L. rhomboidalis (Amsden, 1958a,
p. 87, pl. 3, figs. 1-14; Amsden, 1958b, p. 62-60, pl. 2, figs. 12-15)
does not have a ventricose pedicle valve, the visceral disc being al-
most flat; furthermore, these shells are, on the average, considerably
smaller and more transverse than are the Frisco specimens.

Dunbar (1920, p. 125-126, pl. 2, fig. 24) described the species
Leptaena ingens from the Harriman Novaculite of western Tennes-
see. This species has a large shell with a deeply impressed pedicle
muscle scar similar to that of L. ventricosa, but the Tennessee species
is not geniculate and has subdued corrugations with fine costellae.
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Figured specimens. — Localities P9-R and P11, Pontotoc Coun-
ty; S1-B and 86, Sequoyah County; numbers OU 3271-3275.

Distribution. — Leptaena ventricosa has been widely reported
from the Oriskany Sandstone of the eastern United States. Clarke
(1909, p. 87, pl. 21, fig. 17) reported it from Stony Brook, Moose
River, Maine, and Stewart (1922, p. 231, pl. 61, figs. 15-17) de-
scribed and illustrated specimens from the Little Saline Limestone
of Missouri.

Our Frisco collections include 50 specimens from the Arbuckle
region, Pontotoc County: P8-H, P9-R, P10-V, P11 (collected
through GO feet of strata), and V7. We have 19 specimens from
the Frisco in Sequoyah County: S1-B,C, S5-B, S6, S6(A), and S8-C.

Superfamily CHONETACEA
GENUS Chonetes FISCHER DE WALDHEIM, 1837

Chonetes? sp.
Plate I, figure 10

Description. — A single pedicle valve is provisionally referred
to Chonetes. ‘This is a small shell, measuring 5 mm long by 6.5
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mens of Chonostrophia complanata (Hall) from the Frisco Formation (circles)

and the Glenerie Formation of New York (triangles). The Glenerie specimens
are in the collections of the U. 8. Naticnal Museum.
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mm wide, with gentle convexity (depth about 1 mm). The surface
is costellate, 8 costellae in a space of 1 mm; the costellae are crossed
by closely spaced, concentric lirae. The interior was not observed.

Discussion. — The reference of our specimen to Chonetes* is
conjectural as nothing is known about its internal structure, and
only a single pedicle exterior has been observed; moreover, this
shell does not show well-marked hinge spines, although there are
some irregularities on the hinge that resemble spine bases.

Figured specimen. — Locality S6, Sequoyah County; number OU
3251.

Distribution. — A single pedicle valve from the Frisco Forma-
tion, Sequoyah County; S6.

GENUs Chonostrophia HalL AND CLARKE, 1892

Chonostrophia complanata (Hall), 1857
Plate I, figures 11-15; text-figures 23, 24

Chonetes complanata Hall, 1857, p. 56; Hall, 1859, p. 418, pl. 93, figs. la-d.
Chonostrophia complanata (Hall). Hall and Clarke, 1892, p. 311, pl. 16,

figs. 13, 29; Clarke, 1900, p. 50, pl. 7, figs. 7-8; Schuchert and Maynard,

1913, p. 341, pl. 62, figs. 1, 2; Cooper, 1944a, p. 347, pl. 135, figs. 9, 10.

Description.— QOur Sequoyah County collections include 23
pedicle valves of Chonostrophia complanata, several of which are
complete. The outline is strongly transverse (text-fig. 23) with a
nearly straight hinge line (average length/width ratio 0.64); from
the cardinal extremities forward the shell is evenly rounded. The
pedicle valve is weakly convex near the beak, but just in front of
the umbo the curvature is reversed and the shell becomes moderately
concave (text-fig. 24). There were spines along the posterior mar-
gin of the pedicle valve although these are broken on all of our
specimens, leaving only the point of attachment. The specimen
illustrated on plate I, figure 11 had three spines on each side, and
these were inclined away from the beak. The ornamentation con-
sists of delicate costellae with the spacing ranging from 20 to 23 per
5 mm and averaging 21 (four specimens). On our better preserved
specimens, such as the one illustrated on plate I, figure 12, the
costellae appear to be uniform in size and separated from one an-
other by relatively narrow interspaces. On other shells, such as
the one illustrated on plate I, figure 14, the costellae appear to be

* There appears to be some question concerning the author of Choneres; see discus-

sion by Imbrie (1959, p. 394).
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Text-figure 24. Chonostropbia complanata
(Hall). Profile drawings of two pedicle
valves, x4, from the Frisco Formation.

separated by wide interspaces, but this condition is probably due to
exfoliation of the shell. There is no evidence of an alternating type
of costellation.

The largest specimen in our collection has a width of 23.2 mm;
measurements of seven pedicle valves are given below.

Length Width Length/Width

mm mm ratio

8.4 13.2 0.64

9.5 14.6 0.65
10.0 15.6 0.64
10.3 14.9 0.69
10.9 17.7 0.62
12.3 18.6 0.66
13.2 23.2 0.57

The pedicle valve has a relatively large, fan-shaped muscle scar
(pl. I, fig. 13). We have not found any brachial valves in the
Frisco Formation.

Dizscussion. — Hall’s original description of Chonostrophia com-
planata was based upon specimens from the Oriskany Sandstone
of New York. The senior author has examined the collection of
C. complanata at the U. S. National Museum, which includes a
numper of complete shells from the Glenerie Formation of New
York. Our Frisco specimens are similar to those from New York
in outline and profile; six specimens from the Glenerie have an
average length/width ratio of 0.67 which is comparable to the



CHONOSTROPHIA COMPLANATA 81

average (0.64) of the Oklahoma shells (text-fig. 13). Many of
the New York specimens are distinctly larger than any in our col-
lections, as shown by the following measurements of six specimens
from the Glenerie Formation, Glenerie, New York:

Length Width Length/_Width

mm mm ratio

7.5 10.0 0.75
11.1 15.4 0.72
11.0 164 0.67
13.2 19.5 0.68
19.5 31.4 0.63
21.0 34.7 0.60

The ornamentation on the New York specimens is not well
preserved, but the better preserved shells appear to have a slightly
irregular ribbing, spaced about 18 or 19 per 5 mm. Clarke (1900,
p. 50, pl. 7, fig. 12), in his study of the Oriskany brachiopods
from Becraft Mountain, found that the ribs were distinctly fascicu-
late, but this condition is not present on our Frisco specimens, nor
was it observed on the shells in the U. S. National Museum (at
least not to the extent illustrated by Clarke). However, it should
be noted that the ornamentation of this species is delicate and com-
monly obscured by exfoliation.

Chonostrophia belderbergia Hall from the Haragan Forma-
tion (see part III and pl. XXI, figs. 29, 30) has angular ribs which
are more closely spaced than are those of C. complanata. This
species, or a closely related one, is present in the Sallisaw Forma-
tion; see part II of this report and plate XIV, figures 22-25; plate
XX, figures 18, 19.

Figured specimens. — Localities S6 and S6(A), Sequoyah Coun-
ty; numbers OU 3252-3255.

Distribution. — Chonostrophia complanata has been reported
from the Oriskany Sandstone at a number of places in the eastern
United States. Clarke (1908, p. 210, pl. 46, figs. 6-13) described
and illustrated specimens from the Grande Gréve Limestone of
Gaspé; Dunbar (1919, p. 75) reported it as common in the Harri-
man Novaculite of western Tennessee; and Stewart (1922, p. 237,
pl. 63, figs. 6, 7) illustrated specimens from the Little Saline Lime-
stone of Missouri. We have found 23 specimens in the Frisco For-
mation of northeastern Oklahoma, -at localities S4-E, S5-B, S6,
S6(A). None has been found in the Frisco of the Arbuckle Moun-
tains region.



82 GENUS ANOPLIA
GENUS Anoplia HALL AND CLARKE, 1892

Anoplia nucleata (Hall), 1857
Plate I, figures 1-4; plate X, figures 13-16; plate XI
figure 20, text-figures 25, 26, 27
Leptaena nucleats Hall, 1857, p. 47; Hall, 1859, p. 419, pl. 94, figs. la-1d.

Anoplia nucleata (Hall). Hall and Clarke, 1892, p. 309, pl. 15a, figs. 17, 18,
pL 20, figs. 14-17; Clarke, 1900, p. 51, pL 7, fig. 14; Schuchert and
Maynard, 1913, p. 340, pl. 61, figs. 22-24; Cooper, 1944a, p- 347, pl
135, figs. 17-20.

Description. — Anoplia nucleata is represented in our collections
by 21 pedicle valves. It has a straight hinge line and on complete
shells the cardinal extremities are extended slightly; from the hinge
line forward the outline is uniformly rounded. All of our speci-
mens have transverse shells, the length/width ratio ranging from
0.6 to 0.8 (text-fig. 25). The pedicle valve is deeply and evenly
convex along the midline extending from the beak to the front
margin (text-fig. 26); toward the posterolateral margins the curva-
ture is flattened slightly. Surface is smooth except for a few con-
centric growth-lines. No interiors were observed.
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Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — Nineteen pedicle valves from this area are in our
collections. The measurements of 15 nearly complete pedicle valves
are given below:

Length Width Length/Width

ratio
0.6
0.7
0.7
0.6
0.6
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.6
0.6

Specimens from northeastern Oklahoma (Sequoyab County). —
We have only two pedicle valves from this area. In so far as can
be determined from this meager representation, these are similar
in all respects to those from the Arbuckle region (pl. I, fig. 2).

Discussion. — Hall based his original description of this species
on specimens from the Oriskany Sandstone, Albany County, New
York. Later Schuchert and Maynard desctibed specimens from the
Oriskany of Maryland, and Clarke (1908, p. 211, pl. 41, figs. 15-
17) illustrated specimens from the Grande Gréve of Gaspé. The
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Text-figute 26. Anoplia nucleata (Hall).

Profile view of a pedicle valve, x15, from

the Frisco Formation. Profile taken along

the midline of the shell, extending from the
beak to the front margin.
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senior author has examined a number of well-preserved specimens
of this species in the collections of the U. S. National Museum
from the Glenerie Limestone, Glenerie, N. Y. (two shells from
this collection are illustrated on pl. X, figs. 13-16); presumably this
Glenerie material is conspecific with Hall’s specimens, although
we have not examined the primary types. The New York shells
are distinctly larger than those from Oklahoma; few of the latter,
if any, are longer than 4 mm, whereas specimens 6 to 7 mm long
are common in the Glenerie. Compare the following measure-
ments of Glenerie pedicle valves (Glenerie, N. Y.) with those
given above for the Frisco.

Length Width Length/Width
mm mm ratio
49 6.7 0.73
5.1 6.5 0.78
5.4 6.6 0.82
5.4 6.1 0.85
6.1 6.2 0.98
6.1 7.2 0.85
6.2 7.9 0.78
6.3 6.3 1.00
6.4 7.0 0.92
6.5 7.0 0.93
6.7 7.4 091
6.8 7.7 0.88
6.9 7.0 0.98
7.2 7.3 0.99
7.2 7.5 0.96

The New York specimens tend to be somewhat more elongate
than are those from the Frisco Formation. The length-width ratios
of the latter range from 0.6 to 0.8, whereas the ratios of the Glenerie
specimens are as high as 1.0 (text-fig. 27). This difference, how-
ever, is not believed to be significant because there is such a marked
ovetlap in the ratios of these two groups. Moreover, measurements
of a series of well-preserved Glenerie specimens show that the
length-width relationship is not a constant shell feature. In such
other features of the pedicle valve as shape and profile, the Frisco
shells are much like those from the Glenerie and the two groups
are considered to be conspecific.

This species is also present in the Sallisaw Formation of north-

aActan Oklﬁhﬂﬁﬁﬁ! Ebf 4 campatison w;tL tLe pr;sco sLells see

part I, Anoplia nucleata.

Figured specimens.— Localities. P11 and V7, Pontotoc County,
and §6, Sequoyah County; numbers OU 3242-3245,

Distribution. — A. nucleata has been widely reported from the
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Oriskany Formation in the eastern United States. Clarke described
and illustrated specimens from the Grande Gréve Limestone of
Gaspé, and Stewart (1922, p. 236, pl. 63, fig. 5) found a single
pedicle valve in the Little Saline Limestone of Missouri; Dunbar
reported it as very rare in the Harriman Formation of western
Tennessee. Our Frisco collections contain 21 pedicle valves, all
but two of which are from the Arbuckle Mountains region, Pontotoc
County: P11, P9, V7; the two Sequoyah County specimens came
from locality S6.

This species is present in the Sallisaw Formation, Sequoyah
County, Oklahoma; see part II for additional information on dis-
tribution.

Superfamily ORTHOTETACEA
GENUS Schuchertella GIrRTY, 1904

Schuchertella becraftensis (Clatke), 1900
Plate XI, figures 10-20
Orthothetes becraftensis Clarke, 1900, p. 51, pl. 7, figs. 15-28.
Orthothetes (Schuchertella) becraftensis Clarke, 1908, p. 199, pl. 41, figs. 1-8.
Description. — Schuchertella becraftensis has a small, transverse
shell; on mature individuals the width is slightly, but consistently,
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width relationship of specimens from the Glenerie Formation of New York.
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greater than the length. The pedicle valve is fairly deep, tending
to be subpyramidal with a well-developed apsacline to almost cata-
cline palintrope; delthyrium closed by an arched pseudodeltidium
(pl. XI, figs. 11, 19). The brachial valve is only moderately
convex. The ornamentation consists of narrow, subangular costellae
separated by broad, U-shaped interspaces; five to seven ribs occupy
a space of 2 mm. New costellae are introduced by bifurcation and
implantation.

In the pedicle valve the teeth are largely unsupported, with only
abbreviated ridges at the posterior end (pl. X1, fig. 12); the muscle
scars appear to have been shallow. We have no brachial valves
from the Frisco showing the internal structure, but brachial interiors

from the Oriskany Sandstone are illustrated on plate XI, figures 16,
18.

Discussion. — Clarke based his original description of this
species on specimens from the Oriskany Sandstone of New York.
A few years later he illustrated specimens from the Grande Gréve
Limestone of Gaspé. Through the courtesy of the New York State
Museum, we borrowed his Oriskany type specimens, comprising
about a dozen shells, most of which are wax casts of external molds
and steinkerns (pl. XI, figs. 16-20). In so far as can be determined
from our small number of rather fragmented specimens, the Frisco
shells are like those from the Oriskany in size, outline, profile, and
ornamentation. The only pedicle interior among Clarke’s types
shows no trace of dental plates, whereas the Frisco specimens have
abbreviated ridges; however, the Oriskany shell is silicified and may
be worn or exfoliated. The Grande Gréve pedicle valve illustrated
by Clarke (1908, pl. 41, fig. 4) appears to have short ridges similar
to those in the Frisco valves. We have no brachial interiors from
the Frisco Formation.

There is some question as to the precise internal structure of
Schuchertella, but at the present time it is common practice to assign
those Devonian orthotetacid brachiopods without dental plates (or
with poorly developed plates) to this genus (see Amsden, 1958a,
p- 89, 152; 1959, p. 74-77).

Figured specimens.— The Frisco specimens are from locality
§8-C, Sequoyah County; numbers OU 3936-3939. The Oriskany

specimens are from Becraft Mountain, Hudson, N. Y., New York
State Museumn numbers 1659, 1661, 1663, 1665, 1669.
Distribution. — Clarke collected specimens of this species from

the Grande Gréve Limestone of Gaspé and from the Oriskany Sand-
stone of New York. Schuchert and Maynard (1913, p. 329) also
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reported it from the Oriskany Sandstone of Maryland. Our collec-
tion consists of eight free valves (four pedicles and four brachials),
all from locality 8$8-C, Sequoyah County, Oklahoma. None is from
the Arbuckle Mountains region.

Superfamily RHYNCHONELLACEA
GENUS Coszellirostra COOPER, 1942

Costellirostra peculiaris (Conrad), 1841
Plate I1II, figures 1-15; text-figures 28, 29

Atrypa peculiaris Conrad, 1841, p. 56.

Eatonia peculiaris (Conrad). Hall, 1859, p. 244, pl. 38, figs. 21-26, pl. 101,
figs. 2a-g, pl. 101A, fig. 1; Clarke, 1900, p. 40; Schuchert and Maynard,
1913, p. 372-373, pl. 65, figs. 23-28.

Costellirostra peculiaris (Conrad). Cooper, 1942, p. 231.

Description. — There are a number of well-preserved, articulated
specimens of Costellirostra peculiaris in our collections, it being
the best represented of all the Frisco brachiopod species. The shell
is elongate oval in outline, with a length/width ratio ranging from
1.0 to 1.2 and averaging 1.1 (text-fig. 28). Around the umbonal
region the pedicle valve is weakly convex and the posterolateral
margins are abruptly deflected toward the brachial valve. The
beak is short and slightly inclined toward the brachial. The pedicle
valve retains its slight convexity for a distance of 7 to 10 mm and
~ then develops a broad, U-shaped sulcus which becomes prominent
at the anterior end. The brachial valve is deeply convex, even on
small shells (pl. III, figs. 13, 14), becoming swollen at the an-
terior end. At a distance of 10 to 15 mm, a brachial fold appears
and becomes fairly prominent near the front margin of large shells;
however, this fold is in no case abruptly marked off from the lateral
margins. The anterior commissure is deeply uniplicate, the sulcate
portion of the pedicle valve extending into a long tongue. The
anterolateral margin is crenulate although the crenulations do not
appear to be constant either in number or position. Serrations or
cenulations are present in nearly all specimens on each side of the
fold and sulcus; on some specimens crenulations are present near
the end of the pedicle tongue (crest of brachial fold), but on other
shells this part of the commissure is smooth (texe-fig. 29; pl. III,
figs. 13, 14, 15). This variation may be at least in part related to
size, the larger individuals developing an interlocking mechanism
at the conjunction of the valves. The surface ornamentation con-
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sists of fine costellae, 19 to 28 occupying a space of 5 mm; com-
monly the center costella in the pedicle sulcus is more prominent
than the others (pl. III, fig. 9).

By calcining the shell, we have obrained two reasonably well-
preserved internal cores showing the structure of the pedicle valve.
These appear to be typical in all respects for this species; the diductors
are large and deeply impressed and the adductors small, central in
position, and located on an elevated platform. We have two brachial
interiors showing the characteristic, stout, bifid cardinal process.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — Costellirostra peculiaris is well represented in the
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Text-figure 28. Scatter diagram comparing the length-width relationship of
specimens of Costellirostra peculiuris (Conrad) from the Frisco Formation of
Oklahoma and the Oriskany Formation of Cumberland, Maryland, with speci-
mens of C. singularis (Vanuxem) from the New Scotland Formation (Helder-
bergian) of Licking Creek, Washington County, Maryland. The measurements
of Oriskany and New Scotland specimens are of specimens in the collections of
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type area; our collections include a total of 71 specimens, of which
29 are articulated shells, 30 are pedicle valves, and 12 are brachial
valves (pedicle/brachial ratio 2.5). These specimens seem to be
typical for the species, although a few are unusually large, one shell
attaining a length of 24 mm. The measurements of 19 specimens
are given below:

Length Width Length/Width Thickness Costellae
mm min ratio mm per 5 mm
14 13 1.1 9
15 13 1.2 11 26
16 14 1.1 12 e
18 15 1.2 14 23
18 16 1.1 26
18 15 1.2 24
18 16 1.1 27
18 15 1.2 12 24
19 17 1.1 27
20 17 1.2 16 27
20 18 1.1 15 24
20 17 1.2 15 26
21 19 1.1 18 24
22 19 1.2 17 20
23 19 1.2 18 25
23 19 1.2 18 20
24 20 1.2 27 19
24 21 1.1 16 25
24 20 1.2 16 19

Specimens from northeastern Oklabhoma (Sequoyah County). —
C. peculiaris is not so well represented in the eastern outcrop ateas
as in the type region; our collections include a total of 18 specimens
of which nine are articulated shells, five are pedicle valves, and
four are brachial valves (pedicle/brachial ratio 1.2). These speci-
mens ate like those from the Arbuckles except for their somewhat

Text-figure 29. Anterior views of three specimens of Costellirostra peculiaris

(Conrad) showing the crenulations affecting the commissure, x2. These speci-

mens are from the Frisco Formation along Bois d’Arc Creek, Pontotoc County,
Oklahoma (P11 and P8).
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smaller size (text-fig. 28). The measurements of seven complete
shells are given below:

Length Width Length/Width Thickness Costellae
mm mm ratio mm per 5 mm
10.5 8.5 1.2 5.5 27
10.5 9.1 1.1 5.7 22
15.7 15.1 1.0 12.1 22
16.5 14.1 1.2 9.7 24
16.6 17.3 1.0 9.0 22
17.5 16.2 1.1 10.8 24
18.0 15.7 1.2 12.2 20

Discussion. — In 1942 Cooper (p. 231) described the genus
Costellirostra and assigned three species to it: the genotype, Atrypa
peculiaris Conrad, Atrypa singularis Vanuxem, and Eatonia tennes-
seensis Dunbar. Vanuxem’s description of C. singularis (1842, p-
120, 121, tig. 3) was based on specimens from the Helderberg of
New York, and Conrad’s description of C. peculiaris was based on
specimens from the Oriskany Sandstone of New York. Subsequent

investigators have, however, questioned the validity of these two
species. In 1859 Hall (p. 244) stated:

This species {C. peculiaris] was regarded by Mr. Conrad as
restricted to the Oriskany sandstone; but in the course of many
years’ collections, a considerable number of specimens have
been found in the limestone of the Lower Helderberg group.
In its surface characters, it scarcely differs from the preceding
species [C. singularis}; the form, however, is always more or
less distinctly ovate, the mesial sinus less deeply and less dis-
tinctly pronounced; while the mesial fold of the opposite valve
is less abrupt, and does not extend so nearly to the beak of the
valve; ...

Clarke (1908, p. 173) reviewed the ideas of earlier authors on
these two species, and then went on to state that in his opinion
C. singtlaris and C. peculiaris represented an artificial separation
(thus clearly implying that C. singularis should be suppressed as a
synonym of C. pecaliaris). In 1944 Cooper (p. 311) reported
C. peculiaris from both the Helderberg and the Oriskany.

During the course of his investigations on the Lower Devonian
strata of Oklahoma, the senior author has had occasion to study
the Helderberg and Oriskany collections at the U. S. National Mu-
seum and at Peabody Museum, Yale University. In all of the collec-
tions examined at these institutions there is a well-marked morpho-
logic difference between the Helderberg and the Oriskany specimens
of Costellirostra. The Oriskany specimens of C. peculiaris have, as



COSTELLIROSTRA PECULIARIS 91

noted by Hall, an elongate shell, the length being almost always
greater than the width; on rare specimens the length is about equal
to the width (text-fig. 28). In contrast the Helderberg specimens
of C. singularis are in almost every specimen wider than long;
only a few shells have the width and length about equal (texc-fig.
28). This is shown in the following measurements of Oriskany
and New Scotland specimens from the U. S. National Museum:

Length Width Length/Width
mm mm ratio
Oriskany Sandstone — Cumberland, Md.
11.6 114 1.01
14.7 11.5 1.28
153 14.1 1.09
16.1 13.7 1.18
16.5 14.5 1.13
21.1 18.1 1.18
New Scotland -— Licking Creek, Washington County, Md.
115 123 0.94
12.2 13.1 0.93
12.2 12.5 0.98
13.7 13.1 1.06
14.2 159 0.89

There is an even more marked difference between these two
species in the character of the fold and sulcus. In C. singularis the
fold and sulcus begin near the middle of the shell, becoming well
defined at the anterior end, whereas in C. peculiaris the fold and
sulcus are restricted to the anterior end of the shell and are not
sharply marked off from the lateral margins. These differences are
clearly defined in the Oklahoma reptesentatives of C. singzlaris from
the Bois d’Arc Formation (Amsden, 1958b, p. 72-74, pl. III, figs.
25-32) and C: peculiaris from the Frisco Formation. For a com-
parison with C. temnesseensis (Dunbar) from the Birdsong Shale
of western Tennessee, see Amsden 1958b (p. 74).

Our Frisco specimens are similar in all respects to those from
the Oriskany Sandstone of Maryland and New York; they also ap-
pear to be like those from the Little Saline Limestone of Missouri.

This is an unusual Frisco brachiopod in that it is well represented
by articulated shells; 43 percent of our specimens are complete
with both valves. C. peculiaris must have a stout hinge mechanism
as it is common in those beds where the other brachiopods are
largely, or entirely, disarticulated.

Figured specimens. — Localities P11, Pontotoc County, and S5-
B, S6, Sequoyah County; numbers OU 3283-3291.
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Distribution. — Conrad’s specimens came from the Oriskany
Sandstone of New York; this species has been widely reported from
this formation in many parts of the eastern United States. Clarke
(1908, p. 172-174, pl. 29, figs. 1-13) described and illustrated
specimens from the Grande Gréve Limestone of Gaspé and Stew-
art (1922, p. 237-238, pl. 62, figs. 12-16) illustrated specimens
from the Little Saline Limestone of Missouri; Dunbar (1919, p-75)
repotted C. peculiaris from the Harriman and Camden Formations
of western Tennessee (this species is not known to be present in the
Sallisaw of Sequoyah County, a formation which is closely related
in age to the Camden; see part II of this report).

Our Frisco collections include a total of 89 specimens from the
following localities: Atbuckle Mountains region, Pontotoc County,
P11 (O to 25 feet above the Frisco), P8-H, P9, V7; Sequoyah Coun-
ty, 81-B, 85-B, 86, S8-C. Most of the articulated Sequoyah County
specimens came from locality S6.

GENUS Plethorbyncha HALL AND CLARKE, 1894

Plethorbyncha cf. P. barrandi (Hall), 1857
Plate IV, figures 5-10; text-figure 30
Rbynchonella barrandi Hall, 1857, p. 82-83, figs. 1-3; Hall 1859, p. 442,
pl 103, figs. 3-8.
Plethorbyncha barrandi (Hall). Hall and Clarke, 1894, p. 191.

Descrsption. — This species is represented by a number of speci-
mens; but, as most of these are fragmentary and none has the valves
articulated, it is difficult to get a precise concept of the morphologic
features. The shell is large and elongate with a length/width ratio
ranging from 1.1 to 1.5; the hinge line is short and the palintrope
dbscure. The pedicle valve is weakly convex to almost flat in the
umbonal region, and the posterolateral margins are abruptly de-
flected at nearly right angles to the ventral surface (pl. IV, fig. 5).
This valve shows little or no tendency toward the development of
a sulcus and on several specimens there is a faint elevation along
the midline. None of our specimens is complete at the anterior end
and so it is not known if the pedicle valve is extended into a tongue.

The brachial valve is much deeper than the pedicle and its lateral
margins less sharply deflected; large brachial valves show a slight
swelling toward the front, but none of our specimeps has a clearly
marked fold. The surface is costate with the individual costa ex-
panding toward the front where four to ten occupy a space of 10
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mm,; costae are subangular with narrow interspaces, and crossed by
concentric filae (pl. IV, fig. 7).

Two pedicle valves were calcined to produce fairly good stein-
kerns showing the internal characters. The posterolateral walls are
thick and the teeth stout and attached directly to the laeral walls
(no trace of dental plates present on mature shells). The delthyrial

6

Text-figure 30. Transverse serial sections of Plethorbyncha cf. P. barrandi (Hall).

Distance from the posterior tip of the brachial valve: 1 — 1.9 mm; 2— 3.3 mm;

3—4.0 mm; 4 — 5.4 mm; 5— 7.2 mm; 6— 7.5 mm; all x2. Numbers 1A and 3A

are enlarged details (x5) showing the growth lines (stippled areas are organic

calcite showing no growth lines). This specimen from the lower 5 feet of the
Frisco Formation near P11, Pontotoc County (OU 3304).
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cavity is narrow and deep; in front of this cavity are the muscle
scars, deeply impressed at the posterior end, shallow toward the
anterior. These scars are large, a specimen approximately 40 mm
long having scars about 20 mm in length. Our specimens do not
permit a distinction between diductor and adductor scars; possibly
one set of muscles was attached in the delthyrial cavity.

The structures forming the brachial cardinalia are ponderous
(text-fig. 30). At the posterior end the upper surface of this struc-
ture is serrated, the central part being elevated into a cardinal proc-
ess; undoubtedly the muscles were attached to this surface. Two or
3 mm in front of the beak a cleft appears and this extends into a
ponderous cruralium which is supported on a stout median septum;
the crura are subcircular in cross section and very stout.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — There are about 35 specimens of this species in
our collections, all being isolated valves and most being fragmen-
tary; the ratio of pedicle valves to brachial valves is 1.7. The larger
shells are easily recognized, but the smaller, more incomplete indi-
viduals are difficult to distinguish from Plethorbyncha? wellers,
and it is possible that we have included some of the latter in P. cf,
P. barrandi. 'The dimensions of 7 valves are given below (* indicates
a pedicle valve, ** a brachial valve).

Length Width Length/Width Costae
mm mm ratio per 10 mm
**09 45 1.5 5
*63 51 1.2 4
**57 41 1.4 5
*¥*57 47 1.2 4
*47 40 1.2 8
**56 46 1.2 4
*48 33 1.4 5

Specimens from northeastern Oklaboma (Sequoyah County). —
We have not identified any specimens of this species from north-
eastern Oklahoma, although it is possible that some of the more
fragmentary shells referred to Plethorbyncha welleri? may belong
here.

Discussion.— The genus Plethorbyncha was proposed by Hall

and Clarke (1894, p. 191), the genotype (subsequent designation
by Schuchert, 1897, p. 313) being Rbynchonella speciosa Hall
(1857, p. 81; 1859, p. 444, pl. 103A, figs. 1-6) from the Oriskany
Sandstone of Maryland. Hall’s type specimens of P. speciosum, which
are in the American Museum of Natural History (AMNH 2734),
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include five silicified shells. Two of these are pedicle valves having
relatively small, shallow, elliptical muscle scars and no trace of den-
tal plates (pl. XII, fig. 8). There is one nearly complete brachial
valve with a stout cardinalia supported on a high median septum;
the crura are short and a large, bifid cardinal process occupies the
postetior end of the cruralium (pl. XII, figs 9, 10). In their dis-
cussion of Plethorhyncha, Hall and Clarke stated that young speci-
mens of P. speciosum lack a cardinal process, and Hall’s types do
include one fragment of a brachial valve which has an open crurali-
um without any trace of a cardinal process (this was not figured by
Hall). This specimen is similar in other respects to the more com-
plete brachial valve which has a process and it may well represent
an immature stage of this species, or it may represent a different
species; P. speciosum and related Oriskany species need to be more
fully investigated before this problem can be solved. The type speci-
mens include one neatly complete shell with the valves articulated;
this is strongly costate and has almost no trace of a fold or sulcus.

Hall and Clarke included two other species in their genus Ple-
thorbyncha: Rhynchonella pleioplenra Hall (1857, p. 86, figs. 1-4;
1859, p. 440, pl. 102, figs. 3, 4) and Rbynchonella barrandi Hall
(1857, p. 82-83, figs. 1-4; 1859, p. 442, pl. 103, figs. 3-8). Hall’s
illustrations of P. barrandi are poor and his type specimens, which
are from the Oriskany Sandstone, Knox, Albany County, New York
(AMNH 2675), consist of only three fragmentary steinkerns. The
pedicle steinkern illustrated by Hall (pl. 103, fig. 4) has a deep,
narrow delthyrial cavity, a moderately well-defined muscle scar, and
no trace of dental plates. His most complete specimen is a steinkern
of an articulated shell, which suggests the presence of a shallow fold
and sulcus (this is probably the specimen illustrated by Hall on pl.
103, figs. 5-7); one significant feature of this specimen is that it pre-
serves a fairly good mold of the brachial apparatus. Hall and Clarke
thought P. barrandi lacked a cardinal process, but a rubber cast of
this steinkern clearly reveals the presence of a large, bifid cardinal
process (pl. XTI, fig. 7).

Hall’s type specimens of P. pleioplenra include the steinkerns of
two articulated shells from the Oriskany Sandstone, Schoharie, New
York (AMNH 2697). As illustrated by Hall, these are relatively
broad shells of moderate convexity and with well-developed fold and
sulcus. The pedicle muscle scars are fairly deep, and dental plates
are absent; the brachial apparatus is supported on a stout median
septum and appeats to have a bifid cardinal process.

The external and internal characters of the Frisco shells would
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clearly seem to ally them with the genus Plethorhyncha, although
their species relationship is uncertain. In their large-sized, thick
pedicle shell with deep muscle scars and stout brachial apparatus,
they would seem to be most closely related to P. barrandi; however,
Hall’s species appears to be a more strongly biconvex shell with a
better developed fold and sulcus. The Frisco shells may represent
an undescribed species, but in the absence of better material no more
exact species identification is justified.

Figured specimens. — Localities P8-H, P10, P11, Pontotoc Coun-
ty, Oklahoma; numbers OU 3305-3308. Some of the type speci-
mens of P. speciosum (Hall) and P. barrandi (Hall) are illustrated
on plate XII.

Distribution.— P. barrand; has been reported from the Oris-
kany Sandstone of New York and Maryland, the Grande Greve
Limestone of Gaspé, and the Little Saline Limestone of Missouri.
Apparently most of the specimens referred to this species are frag-
mentary.

There are approximately 35 free valves in our collections, all
from Pontotoc County in the Arbuckle Mountains. We have speci-
mens from the following localities: P8-H, P11, P10, P9; all from
the lower 10 feet of the Frisco Formation.

Plethorbyncha? welleri (Stewart), 1922
Plate III, figures 19-26; plate IV, figures 16, 17; plate XII,
figures 1-3; text-figure 31
Uncinulus wellers Stewart, 1922, p. 240, pl. 63, figs. 13-14.

Description. — Plethorbyncha? welleri is represented by a num-
“ber of fragmentary, disarticulated valves; we have found only one
specimen with both valves articulated and this is badly crushed. The
pedicle valve is oval in outline with 2 rather blunt beak and broadly
rounded anterior margin; it is commonly slightly longer than wide
with a length/width ratio of about 1.0 to 1.1. In the umbonal re-
gion this valve is gently convex with the posterolateral margins
deflected toward the brachial valve. Ar 20 to 25 mm in front of
the beak a broad, shallow sulcus appears, and this is extended into

a long tongue at the anterior margin. The brachial valve is deep,
and near the front margin it develops a moderate fold; 6 to 8 costae
occupy the crest of this fold. The anterior commissure is uniplicate
with the brachial valve having a deep indentation to receive the
linguiform extension of the pedicle valve. Surface is costate; costae
are subangular and separated by narrow interspaces. The ribs in-
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crease in width toward the front where five to eight occupy a space
of 10 mm.

We have calcined several pedicle valves in order to produce stein-
kerns showing the internal characters. The pedicle interior is sim-
ilar to that of Plethorbyncha cf. P. barrandi; the delthyrial cavity is
narrow and deep and the teeth attach directly to the lateral walls
(dental plates appear to be absent in mature shells). In front of
the delthyrial cavity are the rather deep, elongate muscle scars with
the adductors appearing to occupy a slightly raised elongate track
in the centet.

The structures forming the brachial cruralium are ponderous
(text-fig. 31). At the posterior end the cruralium appears to have
been completely filled with shell material, the upper surface of which
is roughened, probably to give a better attachment surface for the

Text-figure 31. Plethorhyncha? welleri (Stewart). Transverse serial sections of

the brachial valve. Distance from the posterior tip of brachial valve: 1— 3.0 mm;

234 mm; 3—4.6 mm; 4—56 mm; 5—69 mm; 6—7.6 mm; all x3.

Numbers 14, 24, 3A are enlarged views showing the growth lines. This speci-
men is illustrated on plate IIJ, figures 23, 25.
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muscles. The serially sectioned specimen does not show any well-
defined cardinal process although it is possible that this was orig-
inally present and later broken. The supporting median septum is
thick and extends forward for some distance. The crura are large,
rodlike bodies, more or less circular in cross section.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — There are about 23 specimens of Plethorbyncha?
welleri in our collection. Most are fragmentary and some are 50
incomplete that it is difficult to distinguish them from Plethorbyncha
cf. P. barrandi. Only one specimen includes both valves, the rest
being about equally distributed between the pedicle and brachial
valves; pedicle/brachial ratio 1.2. The measurements of seven iso-
lated valves are given below (* indicates pedicle valve, ** indicates
brachial valve):

Length Width Length/Width Costae

mm mm ratio per 10 mm
*34 31 1.1 6
*33 32 1.0 6
*38 36 1.1 p)
*%36 33 1.1 8
**36 32 1.1 7
*35 31 1.1 5
**33 33 1.0 6

Specimens from northeastern Oklahoma (Sequoyah County). —
Our collections from Sequoyah County include 12 isolated valves
(pedicle/brachial ratio 3.0). All of these are fragmentary, and
among the more incomplete specimens may be representatives of
P. cf. P. barrandi. The spacing of the costae ranges from 6 to 8 in
a distance of 10 mm. The length/width ratio appears to be about
1.0 or slightly higher, although most specimens are not complete
enough to permit precise measurements. In so far as can be deter-
mined the Sequoyah County specimens are similar in all respects to
those from Pontotoc County.

Discussion.— In 1922 Stewart referred three species from the
Little Saline Limestone of Missouri to the genus Uncinulus: U.
welleri Stewart, U. salinensis Stewart (p. 239, pl. 63, figs. 8-10),
and U. parvas Stewart (p. 239, pl. 63, figs. 11-12; herein referred
with question to Plethorhyncha). According to this author P. ?
salinense differed from P. ? welleri in having a slightly more trans-
verse shell and a somewhat stronger fold and sulcus. The descrip-
tion of P. ? parvum was based on one small shell (plus a question-
able pedicle valve) which, according to Stewart, might be an im-
mature individual. Through the courtesy of Matthew H. Nitecki,
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we were able to borrow Stewart’s type specimens from the Walker
Museumn, University of Chicago. These include the following speci-
mens: P. ? welleri, one nearly complete articulated shell (pl. XII,
figs. 1-3) and one brachial valve; P. ? salinenie, one articulated
shell (pl. XII, figs. 4-6) and one pedicle steinkern; P. ? parvam,
one articulated shell and a fragment of a pedicle valve. As noted by
Stewart, the type specimens of P. ? salinense differ from those of
P. ? welleri in having a more transverse shell* and a slightly better
defined fold and sulcus; however, it should be kept in mind that this
comparison is based on only four specimens and it is quite possible
that a larger collection would show a gradation from one type to
the other (our Frisco specimens vary some in their length/width
ratio; see above). The type of P. ? parvum is only 17 mm long, 17
mm wide, and 10 mm thick, and it may not be a mature shell, al-
though its well-defined fold and sulcus suggest that it is not a young
form of the other shells (also indicated by its finer costellation).
The holotype of P. ? welleri (pl. XII, fig. 1) has a part of the
pedicle beak broken away to show that the muscle scars are rather
deep and the dental plates are absent. The paratype of P. ? salinense,
illustrated by Stewart (pl. 63, fig. 10), shows a muscle scar which
is deep at the posterior end and is separated into two parts by a
ridge; it has no dental plates. Nothing is known about the brachial
interior of the Little Saline shells (the pedicle interior of P. ? parvum
is unknown).

In so far as can be determined from the material at hand, the
Frisco shells are like P. ? welleri in size, shape, costation, and develop-
ment of the fold and sulcus. The ratio of length to width varies on
the Frisco shells (1.0 to 1.1), but none appears to be nearly so
transverse as the holotype of P. ? salinense (0.9). The pedicle in-
terior of the Oklahoma shells appears to be identical to those of P. ?
welleri and P. ? salinense.

P. ? welleri is easily distinguished from P. cf. P. barrandi by its
less elongate shell and its well-developed fold and sulcus.

We are uncertain regarding the generic affinities of this species.
Stewart referred all three of her species to Uncinulus and this may
be the correct assignment. According to Muir-Wood (1925, p. 92-
94) and Oehlert (1884, p. 422-430, pl. 21), Uncinulus subwilsons
(genotype) has a cardinal process and a large, deep, pedicle muscle
scar. Externally, however, this species is characterized by a small,
costellate shell and a subcuboidal outline, which is quite unlike the

* The holotype of P. ? salinense has a length/width ratio of 0.9 (brachial valve)
and the holotype of P. ? welleri has a length/width ratio of 1.0 (brachial valve).
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Frisco-Little Saline shells. In its large size, coarse costation, and
general internal characters (compate text-figs. 30, 31) P. ? weller
would seem to be related to Plerhorbyncha, although its well-
marked fold and sulcus are quite unlike the genotype, P. speciosum
(see Discussion under P. cf. P. barrandi and pl. X1, fig. 12). For
the present we refer P. ? welleri with question to Plethorbyncha,
although it is quite possible that further studies on Lower Devonian
rhynchonellids will show the need for a different generic assignment.
Figured specimens.— Localities P11, Pontotoc County, and S1
and S8-C, Sequoyah County, Oklahoma; numbers QU 3295-3301.
Stewart’s type specimens of U. welleri and U, salinensis are illus-
trated on plate XII.

Distribution. — Stewart’s specimens came from the Little Saline
Limestone, Little Saline, Missouri. Our Frisco collections include
about 23 specimens from the Arbuckle Mountains region and 12
specimens from northeastern Oklahoma; only one specimen has the
valves articulated, the rest being isolated valves, many quite frag-
~mentary. These came from the following localities: P11, P9-R, P10,
Pontotoc County, (all from the lower 10 feet of the Frisco except

for a single specimen which was collected G0 feet above the base at
P11) and SI-B, S5, S6, $8-C, S10-B,C, Sequoyah County.

GENUS Camarotoechin HALL AND CLARKE, 1894

Camarotoechia? cf. C. dryope (Billings), 1874
Plate 1V, figures 1-3

Rbynchonella dryope Billings, 1874, p. 37, pl. 3a, figs. la-c.
Camarotoechia dryope (Billings). Clarke, 1900, p. 41, pl. 5, figs. 20, 21;

Clarke, 1908, p. 170, pl. 28, fig. 2.

Description, — This species is represented in our collections by
one reasonably complete shell with the valves articulated and four
fragmentary valves. It has a biconvex shell, the brachial being deep-
er than the pedicle; the outline is subtriangular with a length/width
ratio of 0.8 (figured specimen). The pedicle valve develops a sulcus
at midlength which becomes deep toward the anterior margin; four
costae occupy the fold. The brachial valve has a corresponding fold

which 1 fairly decp at the front; five costae occupy the fold. The

costae are angular; five occupy a space of 10 mm. The ‘figured speci-
men measures 19 mm long, 24 . mm wide, and 17 mm thick.

Specimen from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — The only specimen from this area is the one illus-
trated on plate IV. |
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Specimens from northeastern Oklahoma (Sequoyah County). —
We have four fragmentary valves from this area which are pro-
visionally referred to this species.

Discussion.— The reference of our specimens to the genus
Camarotoechia is conjectural as we have no information concerning
the internal structure.

Rhynchonella dryope was named by Billings who based his
description on specimens from the Gaspé Limestone. Later Clarke
described and illustrated specimens from the Oriskany Sandstone
of New Yotk and the Grande Gréve Limestone of Gaspé; he re-
ferred dryope to Camarotoechiz although neither he nor Billings
mentioned the internal characters. The specimen illustrated on plate
IV has some external resemblance to those described and illustrated
by Clarke and by Billings, although the Frisco material is not well
enough known to be precisely identified.

Figured specimen, — Locality P10-V, Pontotoc County; number
OU 3302.

Distribution. — We have one teasonably complete specimen
from P10-V, Pontotoc County, and four fragmentary valves from
S5-B, S6, and S6(A), Sequoyah County.

“Camarotoechia’ sp.
Plate III, figures 16-18; text-figure 32

Description. — “Camarotoechia” sp. is known from only a few
fragmentary specimens collected in Sequoyah County. It has a
biconvex, subtriangular shell which is somewhat pinched at the
posterior end to give a rather distinctive outline (pl. IIL, fig. 18).
The brachial valve has a fold that begins near the posterior end,
becoming quite prominent at the front; four to five ribs occupy the
fold. We have only a single, incomplete pedicle valve and this has
a deep sulcus. The costae are subangular and coarse, spaced about
five per 5 mm; costae are crossed by widely spaced lirae. The costae
become obsolescent on the posterolateral margins. The small brachial
valve illustrated on plate III, figure 17, measures 15 mm long, 17
mm wide; the large brachial valve figured on plate III, figure 18,
measures 26 mm long, 28 mm wide.

Serial sections showing some of the internal features are illus-
trated in text-figure 32. The pedicle valve is relatively deep and ap-
pears to have no trace of dental lamellae. At the posterior end of the
brachial valve there is a thin, vertical plate (cardinal process?)
which extends forward for about 1.5 mm; aside from this there
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Text-figure 32. Transverse serial sections of - "Camarotoecbm’ sp. Distance

from posterior tip of pedicle beak: 1—0.7 mm; 2— 1.0 mm; 3— 1.3 mm;

4—1.7 mm; 5—3.0 mm; 6—3.1 mm; all x6. Frisco Formation, Sequoyah
County (84-3), Oklahoma.

appears to be no trace of a median septum supporting the hinge
plate.

Discussion. — The reference of this species to Camarotoechia
is a matter of convenience as its internal characters would seem to
be quite unlike that of the genotype, C. congregata (Cooper, 1944a,
p 311). In all probability this represents an undescribed generic
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enough known to permit a precise diagnosis. Externally it does not
look much like any of the described Lower Devonian rhynchonellids
known to us.

Figured specimens.— Localities $1-B, S6, and S8-C, Sequoyah

(Cnsnindnre smmmimnlhman ATT 2909 2304
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Distribution, — We have six specimens from S1-B, S4-E, S6,
and $8-C, Sequoyah County. One of these specimens is a fragment
with the two valves joined, and the rest are brachial valves.

Superfamily SPIRIFERACEA
GENUS Spinoplasia Boucor, 1959

Spinoplasia oklahomensis Amsden and Ventress, new species
' Plate XI, figures 1-9

Description. — We have about two dozen specimens represent-
ing Spinoplasia oklahomensis, new species, all from the Frisco of
Pontotoc County. They have an unequally biconvex shell, the
brachial having gentle, fairly uniform convexity, the pedicle with
much stronger convexity, becoming subpyramidal toward ‘the pos-
terior end. The hinge line is straight and the cardinal extremities
are rounded; maximum width is at, or near, the hinge line. The
pedicle beak is prominent, pointed, and slightly hooked at the pos-
terior end; palintrope curved, apsacline. All our specimens have a
well-defined pedicle sulcus, beginning near the beak and extending
to the front margin; this is bordered on each side by a strong plica-
tion (pl. XI, figs. 2, 5). On most specimens the lateral slopes of
the pedicle valve are nearly smooth, but on the larger shells thete
may be one or two weak lateral plications in addition to the ones
bordering the sulcus (pl. XI, fig. 1). The brachial valve has a low
fold bordered on each side by one or two broad, low plications.
Most specimens have the surface obscured by exfoliation, but we
do have one shell (pl. XI, figs. 1, 3) which clearly shows the orna-
mentation; this consists of concentric growth lamellae bearing rows
of spines. Partly exfoliated shells commonly show a peculiar, pitted
structure (pl. XI, fig. 2), possibly representing that part of the shell
where the spine base was attached.

We have pedicle steinkerns showing that the muscle scars are
relatively shallow and that dental plates are absent. No brachial
interiors were observed.

We have 24 specimens of this species in our Frisco collections
from Pontotoc County; one of these is complete with the two valves
articulated, 21 are pedicle valves, and two are brachial valves (pedi-
cle/brachial ratio 10.5). The dimensions of four nearly complete
pedicle valves and of two nearly complete brachial valves are given
below:
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Length ~ Width LengtWidth

mm mm ratio
pedicle valves

3 5 0.6

6 8 0.7

7 11 0.6

10 12 0.8
brachial valves

8 14 0.6

8 14 0.6

Discussion. — The genus Spinoplasia was proposed by Boucot
for ambocoeliinids having a brachial fold with flanking plications
and a spinose exterior; the genotype is S. gaspensis Boucot (1959a,
p- 18, pl. 2, figs. 14-16) from the Helderberg of southwestern Gaspé,
Quebec. The reference of our species to this genus is based largely
on its external resemblance to the genotype as we have no informa-
tion on the internal character of the brachial valve. S. oklabomensis
is, however, externally quite similar to S. gaspensis; both species
have a brachial fold with low, flanking plications, and both are
ornamented with concentric rows of spines. The pedicle interior of
the Frisco species is, as far as we can determine, similar to that of

oy,
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Text-figure 33. Profile drawings of Hysterolites (Acrospirifer) murchisoni
(Castelnau), x1. All are free pedicle valves except for the articulated shell in
the upper left corner. The upper row is from the Frisco Formation in the
Arbuckle Mountains region; the lower row is from the Frisco Formation in

Rannanvah Cannty
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S. gaspensis. Our species differs from §. gaspensis in having a con-
siderably larger shell with better developed plications. The specimen
which Stewart (1922, p. 247, pl. 65, fig. 14) identified as Mesa-
plasia cf. M. pyxidata Hall may be a representative of §. oklahomen-
sis. See also part II1, Spinoplasia gaspensis? Boucor (pl. XXI, figs.
13-26).

Holotype. — Locality P9, Pontotoc County; OU 3934,

Figured specimens.— Localities P9 and P11, Pontotoc County;
numbers OU 3314-3317, 3934, 3935.

Distribution. — We have 24 specimens, all from the Frisco

Formation of the Arbuckle Mountains region, Pontotoc County:
localities P9, P10, P11 (lower 20 feet of the Frisco).

GENUs Hysterolites SCHLOTHEIM, 1820
SUBGENUS Hysterolites (Acrospirifer) HELMBRECHT
AND WEDEKIND, 1923

Hysterolites (Acrospirifer) murchisoni (Castelnau), 1843
Plate V1, figures 1-18; text-figures 33, 34

Spirifer murchisoni Castelnau, 1843, p. 41, pl. 12, figs. 1, 2; Schuchert, 1897,
p. 398; Clarke, 1900, p. 46-48, pl. 6, figs. 26-30; Schuchert and Maynard,
1913, p. 411-412, pl. 70, figs. 1-5.

Spirifer arrectus Hall, 1859, p. 422-424, pl. 97, figs. la-h, 2a-i,
Acro:pz'/riner murchisoni (Castelnau). Cooper, 1944a, p. 325, pl. 123, figs.

15, 16.

Description. — The shells of Hysterolites (A.) murchisoni are
large and transverse, the width being greater than the length at all
growth stages; length/width ratio ranges from 0.4 to 0.6. The
hinge line is straight, with cardinal extremities subalate to sub-
rounded; greatest width is at or near hinge line. The pedicle valve
has variable convexity, as shown in text-figure 33; pedicle beak is
slightly hooked at the posterior end; interarea fairly well developed,
apsacline. We have not observed any deltidial plates and the del-
thyrium is presumed to have been open. The brachial valve is con-
vex, moderately deep as shown in text-figure 3; beak slightly in-
curved over the hinge area. Well-developed, non-costate brachial
fold and pedicle sulcus; sulcus generally deep, rounded at the bottom
and becoming broad toward the front end; brachial fold tends to be
sharply angular toward the anterior end, especially on larger shells.
Surface costate, the costae ranging from subangular to subrounded,
a variation probably due in part to exfoliation (costae spacing dis-
cussed below). Well-preserved specimens have low, concentric
lamellae crossing the costae. Each of these lamellae bears a row of
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wedge-shaped granules (spines?) which have their pointed ends
directed toward the front (pl. VI, figs. 3, 4). On most shells the
lamellae and granules have been lost by exfoliation. The largest
specimen in our collections is a pedicle valve (pl. VI, fig. 17), which
measures approximately 64 mm wide and 37 mm long.

The pedicle valve of immature specimens has only moderately
deep muscle scars (pl. VI, fig. 10) and short, but well-defined, den-
tal plates (text-fig. 34). In mature shells the posterior end of the
pedicle valve is greatly thickened, the muscle scars are deeply im-
pressed, and the dental plates are short. We have no well-preserved
shells showing the character of the brachial hinge-plate or spiralium.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties).— This is one of the most common species in the
Frisco of the type area. Our collections from this region include the
largest specimen of H. (A.) murchisoni that we have found. The
costae spacing is variable, ranging from four to six in a distance of
10 mm, counted 10 mm in front of the beak, and three to five per
10 mm, counted at a distance of 20 mm. The length/width ratio
ranges from 0.4 to 0.5, as shown below (all pedicle valves).

Length Width Length/'Width
mm mm ratio
29 58 0.5
19 ‘ 38 0.5
15 28 0.5
15 32 0.5
18 38 0.5
18 36 0.5
17 34 0.5
22 48 0.5
25 60 0.4
21 44 0.5
23 50 0.5
25 54 0.5
18 44 0.4
25 54 0.5
21 48 04
21 40 0.5
35 G4 0.5

Approximately 192 fragmentary and complete pedicle and
brachial valves are in out collections, the pedicles being much more
- abundant than the brachials (pedicle/brachial ratio 15.0); we have
only.a single complete shell with both valves articulated (pl. VI,
fig. 16, text-fig. 33).

Specimens from northeastern Oklahoma (Sequoyabh County). —
Hysterolites (A.) murchisoni is common in the Frisco of Sequoyah
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Text-figure 34. Hysterolites (Acrospirifer) murchisoni (Castelnau), Serial sec-

tions of an immature pedicle valve, x215. Approximate distance from the

posterior tip of the pedicle beak: A—1.1 mm; B—24 mm; C—2.7 mm;
D—3.4 mm; E—4.2 mm. Frisco Formation, locality P11 (lower 5 feet).

County. The specimens from this area are similar to those from the
type region, although they appear to be slightly smaller, the largest
having a width of 43 mm; however, it should be noted that the Se-
quoyah County collections are smaller, and the specimens somewhat
more fragmentary, than are those from the Arbuckles. The length/
width ratio is similar in the shells from both areas, most pedicle
valves having a ratio of about 0.5. The following measurements
were taken from a suite of reasonably complete pedicle valves.

Length Width Length/Width
mim mm ratio
6 9 0.5
12 20 0.5
14 22 0.6
15 26 0.6
15 28 0.5
17 27 0.5
18 34 0.5
20 32 0.5
20 38 0.5
22 38 0.6
23 34 0.4
25 43 0.6

The spacing of the costae appears to be slightly coarser than on
the Arbuckle Mountains specimens; 3 to 5 costae occupying a space
of 10 mm, counted 10 mm in front of the beak; 2 to 4 in a space
of 10 mm, counted 20 mm in front of the beak.

About 106 pedicle and brachial valves are in our collections
although many of these are quite fragmentary. The pedicle valves
are much more common than the brachials, the pedicle/brachial
ratio being about 4.5 (no articulated shells).
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Discussion. — There is a question concerning the generic assign-
ment of this species. The type of Hysterolites is H. hystericus Schlo-
theim, and the type species of Acrospirifer is Spirifer primaevis
Steininger, both from the Lower Devonian of Germany. We have
not seen representatives of either species and are therefore not fa-
miliar with their detailed structure. In 1936 Maillieux ( p. 93, 96)
treated Acrospirifer and Hysterolizes as subgenera of Spirifer, but
later (1941, p. 45, 51) he made Acrospirifer a subgenus of H ystero-
lites. According to Maillieux, Hysterolites (Hysterolites) is charac-
terized by dental plates and Hysterolites ( Acrospirifer) by its lack of
dental plates. Maillieux did not discuss the fine ornamentation, but
according to Havlicek (1959, p. 237, pl. 1, fig. 1) both Hysterolites
(H.) and Hysterolites (A.) are characterized by concentric rows of
fine spines. In this report we follow these authors and treat Acros-
pirifer as a subgenus of Hysterolites, but it should be noted that we
are not familiar with the detailed internal and external features of
the type species of either Hysterolites or Acrospirifer.

Spirifer murchisoni was named by Castelnau, who based his de-
scription on specimens from the Oriskany Sandstone of New York.
Some years later Hall (1859, p. 422), apparently unaware of
Castelnau’s work, proposed the species §. arrectus for specimens from
the Oriskany Sandstone of New York and Maryland. In 1897
Schuchert suppressed Hall’s species as a synonym of S, maurchisons,
and this interpretation was accepted by Clarke (1900, p. 46) and
by almost all later workers. We have not examined Castelnau’s
type specimens, but his description and illustrations, although rather
generalized, are sufficiently detailed to leave little doubt that he and
Hall were describing the same species.

Hall proposed four other species at the same time that he de-
scribed §. arrectus: S. submucronatus, §. tribulis, S. cumberlandiae,
and §. intermedins (all from the Oriskany Sandstone at Cumberland,
Maryland). Clarke (1900) in his study of the Oriskany fauna at
Becraft Mountain, New York, did not discuss any of Hall’s species
except S. arrectus, which he regarded as a synonym of S. murchisons.
He noted, however, much variability in S. maurchisoni, and went on
to state that “it seems probable to the writer that a knowledge of

these lower Devonic shells . . . will prove them to belong for the

most part of Sp. murchisoni” In 1913 Schuchert and Maynard pub-
lished the results of a study on the Oriskany brachiopods of Mary-
land. These authors recognized S. murchisoni and also commented
on its morphologic variation. In spite of their conclusion concerning
the variability of Castelnau’s species, they went on to name five new
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species and subspecies: S. angularis, S. murchisoni marylandicus,
S. hartleyi, S. perdewi, and S. tribuarius. Schuchert and Maynard
noted that S. intermedins Hall was not readily distinguishable from
S. murchisons, and even questioned whether two of their own crea-
tions, S. angularis and S. murchisoni marylandicus, were anything
more than local expressions of one variable species, S. maurchisoni
(1913, p. 412). The senior author’s examination of the type speci-
mens of S. tribuarius, S. perdewi, and S. intermedius* at the U. S.
National Museum leaves considerable doubt as to the validity of
these species. As a matter of fact, he would question all these species
of Hysterolites (Acrospirifer) described by Hall, and by Schuchert
and Maynard; however, a complete restudy of the Oriskany spirifers
is needed before any final conclusions can be reached.

The senior author has examined a large number of specimens
of H. (A.) murchisoni from the Oriskany Sandstone and Glenerie
Limestone at the U. S. National Museum which are presumed to
be representative of Castelnau’s species (pl. VI, figs. 1, 2). These
are similar to the typical Frisco shells in size, outline, and convexity;
the costation also appears to be alike in all respects, including spac-
ing. Some of the better preserved Oriskany specimens show concen-
tric lamellae which are identical to those of the Frisco shells; they also
have granules crossing the lamellae athough none of the Oriskany
specimens examined was well enough preserved to indicate whether
these were wedge-shaped. The pedicle interiors (pl. VI, fig. 1) of
the New York and Maryland shells appear to be identical to those of
the Frisco shells; the brachial interiors could not be compared as we
have no satisfactory brachial valves from the Frisco.

Our Frisco collections of H. (A.) murchisoni are large but con-
sist almost entirely of disarticulated valves, many of which are frag-
mentary and exfoliated. It is difficult on the basis of such material
to get a precise picture of the degree of variation present, although
such information as we do have indicates a considerable variation in
shell characteristics. Such features as shape and size of costae, de-
velopment of pedicle and brachial fold and sulcus, and curvature of
the pedicle valve (text-fig. 33), clearly point to a fairly wide diverg-
ence in shell morphology, and we suspect that a better preserved
suite of fossils would serve to emphasize rather than minimize this
variation. The typical representatives have coarse, subangular costae
and a pedicle sulcus which becomes deep toward the front end (pl.
VI, figs. 14, 15, 17). However, our collections also include some

* Hall's type specimens of S. éntermedins have not been examined; only the specimens
figured by Schuchert and Maynard (1913, pl. 69, figs. 17-21) have been studied.



110 HYSTEROLITES (A,) MURCHISONI

shells with narrower, more rounded costae, and these have some
resemblance to the species which Hall (1859, p. 420, pl. 96, figs.
la-e) named Spirifer tribulis.* These finer ribbed Frisco specimens
appear to be only a variation of the more characteristic, coarse-ribbed
shells, and, as noted above, we suspect that the Oriskany specimens
which Hall identified as S. #ribulis are also only a variety of §.
maurchisons.

Figured specimens.— Localities P8-H, P9-R, P11, Pontotoc
County; S1-B, §5-B, S6, $8-C, S10-B, Sequoyah County; numbers
OU 3328-3332, 3334-3336, 3338, 3340-3344.

Distribution. — Castelnau’s specimens came from the Oriskany
Sandstone of New York; this species has been widely reported from

* Hall compared this species to Howellella cycloptera (Hall) from the Heldetberg,
and Christian (1953, p. 31; Huffman, 1958, p. 34) teported H, cycloptera from
the Frisco Formation of Sequoyah County; however, the Frisco specimens can be
distinguished from the Helderberg species by their larger size, stronger fold and
sulcus, and more transverse shells (Amsden, 1958a, p. 125-126, pl. 8, figs. 14-26;
1958b, p. 80-82, pl. 4, figs. 20-28). Note that the Haragan-Bois d’Arc species of
H. cycloprera have double-barreled spines.

Text-figure 35. Costispirifer arenosus (Conrad). Serial sections of the pedicle

valve; distance from the posterior tip of the pedicle beak: I —4.2 mm; 2—5.2

mm; 3 —5.7 mm; 4 — 6.7 mm; 5—9.2 mm; 6 —12.2 mm; 7 —14.2 mm; all x1.

Numbers 1A and 3A are enlarged views (x2) showing the growth lines (dotted
atreas represent organic calcite showing no growth lines).
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the Oriskany Formation in many parts of eastern United States.
Dunbar (1919, p. 70, 75, pl. 3, figs. 1, 5) listed H. (A.) murchisoni
from the Quall and Harriman Formations of western Tennessee,
and Stewart (1922, p. 246, pl. 65, figs. 9-11) described specimens
from the Little Saline Limestone of Missouri. Clarke (1908, p. 177,
pl. 32, figs. 1-10) described and illustrated specimens from the
Grande Gréve Limestone of Quebec.

This species is well represented in our collections from both the
Arbuckle Mountains region and from northeastern Oklahoma. There
are about 300 pedicle and brachial valves (many are only frag-
ments) from the following localities: Pontotoc and Coal Counties,
P8-H, P9-R, P11, P10-V, V9, V10; Sequoyah County, S1-B, S5-B,
S6, S6(A), S8-C, §10-B,C.

GENUS Costispirifer COOPER, 1942

Costispirifer arenosus (Conrad), 1839
Plate V, figures 3-11; text-figure 35

Delthyris arenosa Conrad, 1839, p. 65.
Spirifer arenosus (Conrad). Hall, 1859, p. 425, pl. 98, figs. 1-8; pL 99, figs.

1-10; pl. 100, figs. 1-8; Schuchert and Maynard, 1913, p. 415, pl. 71,

figs. 1-9; pl. 72, fig. 1. .
Costispirifer arenosus (Conrad). Cooper, 1942, p. 230; 1944a, p. 323, pl.

122, figs. 27-31.

Description. — Costispirifer arenosus is represented in our collec-
tions by a number of specimens, mostly free pedicle valves. Most
are fragmentary and this fact, coupled with the absence of articulated
valves, makes it difficult to present a complete description. The
pedicle valve has a straight hinge line, with fairly uniform curvature
from the lateral margins to the front. Most specimens have a broad,
shallow costate sulcus, but this is variable in its development and
on some shells is no more than a midline flattening. The pedicle
beak is prominent and only moderately incurved over the hinge area.
The brachial valve is represented by only a few specimens, of which
three are reasonably complete (pl. V, figs. 6, 9, 10); this valve
has a costate fold, although this structure, like the pedicle sulcus, is
variable in its development. Some specimens reach a large size; the
brachial valve illustrated on plate V, figure 9, has a width of 66 mm.
In outline they range from transverse shells with a length/width
ratio of 0.7 up to those with a ratio of 1. The surface is com-
pletely costate with six to eight costae occupying a space of 10 mm
(counted 20 mm in front of the pedicle beak). The costae are
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broad and separated by narrow interspaces. On all specimens the
tibs are low and rounded, and on some there is a distinct flattening
along the crest (pl. V, fig. 5). Fine, delicate costellae are super-
imposed on the costae (pl. V, fig. 11), and these are crossed at
intervals by faint growth-lines.

The posterior end of the pedicle valve is much thickened and
the muscle scars are deeply impressed (text-fig. 35); dental plates
are represented only by an abbreviated ridge on the front edge of
the muscle field. The delthyrium is closed, at least toward the pos-
terior end, by a “deltidium” (text-fig. 35), a structure which is also
present on the Oriskany specimens. We have not observed the
brachial hinge-plate or spiralium of the Frisco specimens.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — Our collection from the type region includes only
seven specimens; four of these are pedicle and three are brachial
valves (pedicle/brachial ratio 1.3). The pedicle valves are too frag-
mentary to determine their size, but the brachials give the following
measurements: length 42 mm (est.), width 66 mm; length 45 mm,
width 56 mm; length 40 mm (est.), width 60 mm. These shells
are somewhat larger than any from Sequoyah County, but otherwise
appear to be similar in so far as can be determined from the rather
incomplete representation on hand.

Specimens from northeastern Oklahoma (Sequoyah County), —
The collections from Sequoyah County are larger than those from
the Arbuckles, but the specimens are mostly fragmentary and consist
entirely of free valves. About 40 specimens are in our collections,
most of these being pedicle valves; the pedicle/brachial ratio is 5.1.
The measurements of five reasonably complete pedicle valves are
given below:

Length Width Length/Width
mm mm ratio
17 22 0.8
25 34 0.7
38 40 0.9
40 45 0.9
50 50 1.0

The spacing of the costae ranges from six to eight per 10 mm
(counted 20 mm in front of the pedicle beak), with most having
a spacing of seven; many specimens show a marked flattening along
the crest of the ribs (pl. V, fig. 5). Except for their slightly smaller
size, the Sequoyah County specimens resemble those from the Ar-
buckles.
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Discussion. — The genus Costispirifer was proposed by Cooper
(1942, p. 232), the genotype being Spirifer arenosus planicostarns
Swartz (1929, p. 56-57, pl. 9, figs. 13-15). This subspecies, which,
according to Swartz, came from the cherts in the upper part of the
Giles Formation near Saltville, Virginia (? equals Saltville Chert),
was distinguished from Spiérifer arenosus Conrad largely on the basis
of its flat costae (Cooper, 1942, recognized C. planicostatus as a
distinct species). The senior author has examined U. S. National
Museum specimens of C. planicostatus from the Onondaga (? Salt-
ville Chert), near Saltville, Virginia, and the Huntersville Chert,
West Virginia. These shells are characterized by their strongly flat-
tened ribs and extremely narrow interspaces; on some specimens the
interspaces are only narrow grooves. He has also examined the U. 8.
National Museum collections of C. arenosus from the Oriskany Sand-
stone and the Glenerie Limestone and has found that some of these
shells, as noted by earlier authors (Clarke, 1900, p. 46; Stewart,
1922, p. 245), also have flattened ribs, but on none of these is the
flattening as marked as it is on C. planicostatus; furthermore, the
interspaces on C. aremosus are distinctly wider than on C. plani-
costatus.

Delthyris arenosus was proposed by Conrad, his description be-
ing based on specimens from the “Helderberg, in sandstone” (Oris-
kany Sandstone), New York. We have not seen Conrad’s types, but
his description would seem adequate to identify the Oriskany shell
he was describing. The Frisco specimens appear to be similar to the
Oriskany-Glenerie specimens in size, outline, and ornamentation,
including the development of flattened ribs. The pedicle interiors of
the Oklahoma shells also appear to be identical to those of the New
York and Maryland specimens. We do not have satisfactory brachial
interiors of the Frisco shells.

Figured specimens. — Localities P8-H and P11, Pontotoc Coun-
ty; S1-B, S5-B, and $8-C, Sequoyah County; numbers OU 3320-3325,
3930, 3931.

Distribution. — Costispirifer arenosus has been widely reported
from the Oriskany Formation in many parts of the eastern United
States. Dunbar (1919, p. 70, pl. 3, fig. 7) found specimens in the
Quall Limestone { = Harriman} of western Tennessee, and Stewart
(1922, p. 245, pl. 65, figs. 6-8) described and illustrated speci-
mens from the Little Saline Limestone of Missouri. Merriam (1940,
pl. 7, fig. 17; pl. 11, fig. 17) illustrated specimens identified as
Spirifer cf. S. arenosus from the Nevada Limestone in the Roberts
Mountains, Nevada. Clarke (1908, p. 179, pl. 33, figs. 1-10)
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described and illustrated specimens from the Grande Gréve Lime-
stone.

Our Frisco collections include a total of 50 isolated valves, most
being fragmentary. These came from the following localities: Pon-
totoc County, P11 (specimens from the lower 5 feet of the Frisco,
and from 60 feet above the base of the formation); Sequoyah Coun-
ty, S1-B, S8-C, S5-B, S6(A).

GENUS Kozlowskiellina Boucor, 1958
(= Kozlowskiella Boucot, 1957, not Pribyl, 1953)

Kozlowskiellina (Megakoziowskiellina) new species
Plate V, figures 1, 2

Description. — Our description of this species is based on one
reasonably complete pedicle valve and a few fragmentary specimens.
The shell is biconvex and transverse, with maximum width at, or
neat, the hinge line. It has a prominent pedicle beak which is slight-
ly hooked toward the brachial; the palintrope appears to be slightly
curved and nearly orthocline, although this part of the shell may be
somewhat distorted due to crushing. There is a conspicuous, non-
costate pedicle sulcus which begins near the beak, becoming broad
and deep at the front end. The largest specimen (pl. V, figs. 1, 2)
has six costae on each side of the sulcus. The costae are crossed by
strongly developed, concentric lamellae; the lamellae have fine,
radial costellae (pl. V, fig. 2) which may have extended forward as
a fringe of spines. We have only two poorly preserved brachial
valves; these show a non-costate fold, but their other features are
obscure.

We have no information on the internal structure of this species.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — Five specimens are in our Frisco collections from
the type area. The illustrated shell is the largest and is the only one
which is reasonably complete and well preserved; the brachial valve
is preserved on this specimen, athough it is crushed and exfoliated.
The other specimens are all small fragments of free valves, three
being pedicles and one a brachial; pedicle/brachial ratio 3.0. The
figured specimen measures 28 mm long by 52 mm wide; length/
width ratio 0.5. |

Specimens from northeastern Oklahoma (Sequoyah County). —
We have five, small fragmentary brachial valves which may be
representatives of Kozlowskiellina. They have an external orna-
mentation like that of the Arbuckle specimens, but appear to have
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broader and deeper plications. The preservation is not good enough
to justify a more precise identification.

Discussion. — The reference of our specimens to Kozlowskiellina
is based entirely on external features as we have no information
concerning its internal structure. In shape and ornamentation our
specimens would seem to be sufficiently similar to typical repre-
sentatives of Kozlowskiellina (Boucot, 1957, p. 318-323, pl. 2) to
justify this generic assignment. It should be noted, however, that
their ornamentation is also similar to that found on Eleutherokomma
(Crickmay, 1950, p. 220, pls. 36, 37), although there is no evi-
dence that the Frisco shells are even slightly mucronate.

This species has a much larger shell than does K. (M.) velata
Amsden (1958a, p. 121-126, pl. 8, figs. 1-13; 1958b, p. 78-80,
pl. 5, figs. 29-34). Also in the immature stages of the Frisco species
the spacing of the costae is slightly closer than it is on the Haragan-
Bois d’Arc shells of comparable size.

To our knowledge this is the only report of Kozlowskiellina
in North American strata of post-Helderbergian age.

Figured specimens. — Locality P11; number OU 3313.

Distribution. — Five specimens in our Frisco collections are from
Pontotoc County; all are from locality P11 and were collected from
a bed GO feet above the base of the formation. We also have five
fragmentary specimens, which may be representatives of this genus,
from the Frisco in Sequoyah County (localities S5-B and S6).

GENUs Eospirifer SCHUCHERT, 1913

Eospirifer new species
Plate 1V, figures 12-15

Description. — This species is represented in our collections by
nine free valves, although all but four of these are extremely frag-
mentary. The shell is large, subequally biconvex, and has a trans-
verse outline; length/width ratio about 0.6 to 0.7. The hinge line
is fairly straight and the cardinal extremities are rounded; from the
posterolateral margins forward the outline is broadly rounded. The
pedicle beak is pointed and its tip is inclined slightly toward the
brachial; the palintrope is apsacline. A pedicle sulcus begins near
the posterior end, becoming broad and U-shaped at the front; it is
bordered on each side by three lateral plications (pl. IV, fig. 13).
The brachial valve has a fold which starts near the posterior end
and extends to the front margin, where it is high and broad; the
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crest is flattened, giving it a subrectangular cross section. Two well-
defined plications occupy each lateral slope, and on one specimen
(pl. IV, fig. 12) there is a faint third plication near the outer edge.
On none of our specimens do the ribs split, nor are new ones im-
planted between the old ones. The Frisco specimens have lost most
of the outer shell by exfoliation, but three still retain patches of the
surface and these show fine, radial costellae (pl. IV, fig. 14); ap-
proximately seven costellae occupy a space of 2 mm.

No pedicle or brachial interiors were observed.

Specimens from northeastern Oklaboma (Sequoyah County). —
This species has been found only in the Frisco Formation of Se-
quoyah County. Our collections include nine free valves, four of
these being moderately complete; pedicle/brachial ratio 3.5. The
most complete pedicle valve measures 31 mm long by 42 mm
wide; one brachial valve measures 26 mm long by 44 mm wide
and another 28 mm long by 40 mm wide.

Discussion. — The genus Eospirifer was proposed by Schuchert
(1913, p. 411), the genotype being Spirifer radiatus Sowerby. In
1959 Havlicek (p. 228-232) reviewed the Eospiriferinae, recog-
nizing three groups. (1) Eospirifer sensu stricto characterized by
smooth or broadly ribbed shells; in no case do the ribs branch, nor
are new ribs implanted between the old ones. The fine ornamenta-
tion consists of radial lines (costellae). The basal plates vary in
length, but their inner edges always rest on the floor of the brachial
valve. Havlitek included 29 species in this genus, most being from
rocks of Silurian age; E. macroplenra (Conrad) was the only speci-
men reported from the Devonian of North America (seven Euro-
pean Devonian species were included). (2) Jamins Havlitek,
1957 (genotype Spirifer nobilis Batrande), characterized by ribbed
shells, the ribs either branching dichotomously or with new ones
implanted between the old; fine ornamentation consisting of radial
lines (costellae). The basal plates “meet only the thickened pos-
terior margin of the dorsal valve; their inner edges are practically
free along the whole length.” Nine species were assigned to this
genus, most being from strata of Silurian age; none from North
America. (3) Group of Eospirifer sergaensis Khodalevich charac-
terized by sharply ribbed shells having ribs on the fold and sulcus:
fine ornamentation as in the other two groups. Four species listed,
none from North America. Havli¢ek did not give a name to this
group as he had no information on the internal structure of the
brachial valve.

The external characters of the Frisco shells clearly seem to place
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them in Eospirifer sensu lato (and in Eospirifer as diagnosed by
Havlidek ), but it should be kept in mind that we have no informa-
tion on the internal character of our specimens, nor are we familiar
with the detailed structure of the type species. The Frisco shells are
most like E. macroplewra (Conrad), but a direct comparison with
specimens from the Helderberg strata of New York reveals several
differences. Eospirifer new species has a higher, better defined fold
and sulcus than has E, macroplexra; moreover, the fold on the Frisco
shells is flattened along the crest, giving it a subrectangular cross
section in contrast to the broadly rounded fold of E. macropleura. In
addition the plications on the Frisco shells are higher and the inter-
spaces deeper and better defined than are those on the New York
shells. The Frisco specimens almost certainly represent a new species,
but we are reluctant to name it without more representative material.

In so far as we are aware this is the first report of an Eospirifer
in North American strata of post-Helderbergian age; however,
Havlitek (1959, p. 229-239) listed two species from the Middle
Devonian of Russia.

Figured specimens. — Localities S5-B, S6, Sequoyah County;
numbers OU 3309-3311.

Distribution. — We have nine specimens from the Frisco For-
mation in Sequoyah County; localities S5-B, S6, S6(A).

Superfamily ROSTROSPIRACEA
GENUS Meristella HaLL, 1860

Meristella carinata Stewart, 1922
Plate VII, figures 7-18; plate X, figures 4-12; text-figure 36

Meristella carinata Stewart, 1922, p. 250, pl. 66, figs. 12-21.

Description. — Meristella carinata is one of the more common
brachiopods in the Frisco Formation and is represented in our collec-
tions by many free valves. It has a subtriangular outline with the
width slightly greater than the length at all growth stages. The
pedicle valve is gently and uniformly convex in the umbonal region,
and the beak is inclined toward the brachial valve; the posterolateral
margins are sharply deflected. Toward the front end this valve is
invariably flattened and on some shells the central portion is de-
pressed to produce a shallow sulcus. The development of this sulcus
is variable, but it is not conspicuous and on some specimens it is ab-
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sent. ‘The anterior end of the pedicle valve is extended into a tongue
which fits into the brachial fold. Most brachial valves are sharply
flexed along the middle of the shell, from the umbo to the front
end, and on some specimens this is developed strongly enough to
produce a subcarinate shell; from the crest of this structure the valves
slope evenly toward the lateral margins. The surface is marked with
concentric growth lines, and a few of the Frisco shells have faint,
delicate radial ribs; these are quite inconspicuous and seem to be
confined to the anterior part of the shell. It is not possible to detet-
mine if these ribs are a constant shell feature as most of our speci-
mens are exfoliated to some degree. The shell is impunctate.

The shell is much thickened at the posterior end of the pedicle
valve; the delthyrial cavity is narrow and deep, and extends forward
into the deeply impressed muscle field (pl. VII, fig. 12; pl. X, fig.
12). Mature shells show no trace of dental plates. The brachial
valve is also thickened at the posterior end although not so much
as is the pedicle. This valve has a relatively heavy hinge plate,
which is supported by a stout median septum; at the posterior end
this plate is U-shaped, but anteriorly it develops a low ridge in the
middle (textfig. 36). The median septum is long, extending for-
ward beyond the middle of the valve, The spiralium and jugum
were not observed.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — Meristella carinata is abundantly represented in
our Frisco collections from Pontotoc and Coal Counties. We have
approximately 443 specimens, of which one is complete with both

B c

D
Text-figure 36. Transverse serial sections of the brachial valve of Meristella
carinata Stewart from the Frisco Formation (OU 3391). Distance from the

posterior tip of the brachial beak: A—1.3 mm; B— 1.6 mm; C—2.0 mm;
D — 2.5 mm; all x5.




MERISTELLA CARINATA 119

valves, 66 are free brachials, and 376 are free pedicles; pedicle/
brachial ratio 5.6. The shells from this area are mostly of moderate
to small size, few exceeding a length of 20 mm. The dimensions of
12 pedicle valves and five brachial valves are given below:

Length Width Length/Width
mm mm ratio
pedicle

7.8 8.1 1.0
10.6 11.6 0.9
16.0 17.5 0.9
16.2 17.9 0.9
164 17.1 1.0
17.3 19.1 0.9
17.3 19.6 0.9
185 20.0 0.9
19.0 20.5 0.9
19.1 19.0 1.0
19.7 21.0 09
25.0 27.0 0.9

brachial

16.5 214 0.8
17.0 18.5 0.9
17.3 20.0 0.9
18.5 22.3 0.8
19.5 22.5 0.9

Specimens from northeastern Oklahoma (Sequoyah County). —
Meristellz carinata is not nearly so well represented in the Frisco of
Sequoyah County as it is in the Arbuckle region, nor is the preserva-
tion as good. We have a total of 26 specimens from this area, 15
being free pedicles and 11 free brachials; pedicle/brachial ratio 1.4.
These shells may be, on the average, slightly larger than those from
Pontotoc County, but otherwise appear to be typical representatives
of M. carinata, at least in so far as can be determined from the some-
what fragmentary material on hand. The dimensions of four pedicle
valves and four brachial valves are given below:

Length Width Length/Width

mm mm ratio
pedicle

12.0 12.6 1.0

15.5 16.5 0.9

17 21 0.8

26 29 0.9
brachial

15.5 16.5 0.9

16.8 18.7 0.9

17.3 20.0 0.8

23.5 26.5 0.9
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Discussion. — There is some question concerning the genotype
of Meristella, but in this report we follow the generally accepted
designation of Arrypa laevis Vanuxem (Amsden, 1958a, p. 129-
130). On the basis of this generic diagnosis, the Frisco specimens
of M. carinata have the internal and external characters commonly
associated with Meristella, although it should be noted that we have
no information on the spiralium and jugum.

Stewart’s description of this species was based on specimens from
the Little Saline Limestone of Missouri. Through the courtesy of
M. H. Nitecki, we were able to borrow the type specimens from
Walker Museum, University of Chicago, and these are reillustrated
on plate X, figures 4-12. Our Frisco specimens are not so well pre-
served as are those from the Little Saline Limestone, but in so far
as can be determined the Oklahoma shells are identical to those
from Missouri in profile, outline, and development of the fold and
sulcus. We have no information on the brachial interior of the
Little Saline shells, but the pedicle interiors of the Oklahoma and
Missouri specimens are similar. A few of the Frisco shells have
faint, delicate, radial ribbing in addition to the concentric growth
lines, whereas Stewart’s type specimens show only the concentric
banding. The latter are, however, partly exfoliated and the apparent

absence of radial striae may be due to poor preservation (only a
few Oklahoma shells show this).

Maxwell (1936, p. 104) recorded the Oriskany species Meris-
tella lata Hall (1859, p. 431, pl. 101, tigs. 3a-3m) from the Frisco
Formation, and Stewart compared M. carinata with Hall’s species.
Through the courtesy of Donald F. Squires, we were able to borrow
Hall’s type specimens from the American Museum of Natural His-
tory, and these are reillustrated on plate X, figures 17 to 23. M. lata
has a larger shell than has M. carinata, and the brachial valve is not
sharply convex as in the Missouri-Oklahoma shells. The Oriskany
shells have faint, delicate radial ribs on the front part of the shell
(pl. X, fig. 21).

The shells of M. carinata are similar in size to those of M. atoka
Girty from the Haragan and Bois d’Arc Formations (Amsden, 1958a,
p. 128-132, pl. 10, figs. 1-15; 1958b, p. 84-85, pl. 4, figs. 1-14).
The Frisco specimens can, however, be easily distinguished from

M. soka by their more weakly developed folds and sulci and their
slightly more transverse shells.

Figured specimens.— The Frisco specimens of M. carinata are
illustrated on plate VII; localities P8-H, P11, V7 in Pontotoc Coun-
ty, and localities $§1-B and S10-C in Sequoyah County; numbers QU
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3348-3357. Stewart’s type specimens from the Little Saline Lime-
stone of Missouri are illustrated on plate X; these are located at
Walker Museum, University of Chicago; numbers WM 27491,
27491B, 27491A (holotype).

Distribution. — The original description of M. carinata was
based on specimens from the Little Saline Limestone of Missouri.
It is abundantly represented in the Frisco Formation of the Arbuckle
Mountains region, there being about 443 specimens in our collec-
tions from the following localities: Pontotoc County, P8-H; P9-
R(V4), P10-V(V3), P11(V1),V7; Coal County, V9, V10. We
have only 28 specimens from the Frisco Formation in Sequoyah
County: S1-B, $5-B, S6, §7-B, S8-C, S10-B,C.

“Meristella’ vascularia? Clarke, 1900
Plate IX, figures 13-17; plate X, figures 1-3; text-figures 37, 38

Meristella? vascularia Clarke, 1900, p. 45-46, pl. 6, figs. 12-14.

Description. — This species is characterized by its large, sub-
equally biconvex shell. The pedicle valve is elongate oval in out-
line, the length being consistently greater than the width (length/
width ratio of three specimens ranges from 1.1 to 1.2); pedicle
beak elongate, inclined slightly toward the brachial. A pedicle sulcus
begins about 20 mm in front of the beak and becomes broad, but
not deep, toward the front end (pl. IX, figs. 14, 17). The brachial
valve has a uniform curvature except for a low fold near the an-
terior end. On most shells the external surface has been lost by
exfoliation, but we have a few shells that retain a part of the outside
shell and these show an ornamentation consisting of delicate, radial
costellae which are crossed by closely spaced, concentric filae; the

intersection of these two sets of ridges produces a faint, cancellated
texture (pl. IX, fig. 15).

The pedicle interior is characterized by stout dental plates and
a weakly impressed muscle area (text-fig. 37). The shell wall is
relatively thin, even near the posterior end. One partly exfoliated
steinkern shows weak vascular impressions radiating out from the
beak. In the brachial interior the socket plates unite to make a
shallow cruralium which is supported on a median septum (text-
fig. 38). This median septum extends forward a considerable dis-
tance. One brachial valve with a total length of 35 mm has a septum
almost 15 mm long.

Specimens from the Arbuckle Mountains region (Pomtotoc and
Coal Comnties). — Two somewhat fragmentary pedicle valves from
this area are questionably referred to this species. These have rela-
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tively small shells, the larger being approximately 22 mm long by
20 mm wide (length/width ratio 1.1).

Specimens from northeastern Oklaboma (Sequoyah County). —
Our collections from this area include 22 specimens, mostly frag-
mentary, of which 18 are pedicle valves and four are brachial valves;
pedicle/brachial ratio 4.5. The dimensions of three reasonably com-
plete pedicle valves are given below:

Length Width Length/Width
mm mm ratio
24 22 1.1
39 32 1.2
54 49 1.1

Dzscussion. — Clarke based his description of this species upon
species from the Oriskany Sandstone, Becrafr Mountain, New York;
and, through the courtesy of Clinton F. Kilfoyle, we were able to
borrow his types from the New York State Museum. These com-
prise three pedicle steinkerns, two of which retain some traces of
external shell. We have reillustrated these specimens on plate X,
tigures 1-3. All three shells have stout dental plates and relatively
shallow muscle areas. According to Clarke the “Very prominent
lamellae are developed by convergence and union into a strong
spoon-shaped process [elsewhere termed a spondyliuml, which fills
the umbonal region and rests on the bottom of the valve, its anterior
edge being free.” The type specimens have clearly defined dental
plates, but do not show any structure which we would call a spon-
dylium. (The delchyrial cavity is marked off from the anterior part
of the shell by a low callosity.) Two of the valves show well-defined
pallial markings (pl. X, figs. 1, 2), and the third retains some of
the external shell, showing faint radial costellae ( pl. X, fig. 3).
The Frisco shells resemble Clarke’s specimens in size, outline, pro-

B
C

Text-figure 37. Transverse serial sections of the pedicle valve of "Meristella”

vascularia? Clarke from the Frisco Formation, Sequoyah County, Oklahoma.

Approximate distance from the posterior tip of the pedicle beak: A —3 mm;
B—4 mm; C— 5 mm; all x4.
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file, and ornamentation; however, two of the Oriskany specimens
have a narrow portion of the lateral margins deflected dorsally, a
shell feature which we have not observed on the, Oklahoma speci-
mens. The pedicle interiors of the New York and Oklahoma speci-
mens are also similar except for the pallial markings which appear
to be somewhat stronger on the Oriskany shells. It is difficult to
make a precise comparison on the basis of this rather fragmentary
material, especially as we have not seen any brachial valves from
the Oriskany Formation. (Clarke’s description indicates that he had
no brachial valves.) The Frisco specimens are, however, certainly
similar to, and probably conspecific with, those from the Oriskany.
This species does not belong in Meristella, at least not as that
genus is conventionally diagnosed (see dicussion under Meristella
carinata, and Amsden, 1958a, p. 129-130). Meristella is generally
considered to be characterized by deeply impressed pedicle muscle

C

Text-figure 38. Transverse serial sections of the brachial
valve of “Meristella” vascularia? Clarke from the Frisco
Formation, Sequoyah County, Oklahoma. Approximate
distance from the posterior tip of the brachial valve:
A—1.5 mm; B— 2.8 mm; C— 3.2 mm; all x8.
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scars with the dental plates becoming obscure in mature shells by
the deposition of secondary shell material. In contrast the Oriskany
and Frisco specimens of “"Meristella” vascularia?, which are certainly
mature shells, have clearly defined dental plates and a shallow
muscle field. In all probability “M.” vascularia? represents an unde-
scribed meristelloid brachiopod characterized by its latge size, weak
radial costellae, and well-defined dental plates. The cruralium of
the Frisco specimens appears to be fairly typical for a meristelloid
brachiopod. Unfortunately, we have no information on the structure
of the spiralium and jugum, and the preservation of Frisco brachio-
pods is such that it seems unlikely such information will ever be
obtained.

"Meristella” vascularia? has a larger shell and a better defined
pedicle sulcus than has either Meristella carinata Stewart ( pl. VII,
figs. 7-18; pl. X, figs. 4-12) or Meristella lata Hall (pl. X, figs.
17-23). Both of these species lack dental plates.

Figured specimens. — The Frisco specimens of this species are
illustrated on plate IX; localities S1-B, S8-C, §10-B; numbers QU
3388-3390. Clarke’s type specimens from the Oriskany Sandstone
of New York are illustrated on plate X; these specimens are at the
New York State Museum; numbers NYSM 1569, 1570, 1571.

Distribution. — Clarke’s specimens came from the Oriskany
Sandstone of New York. Our specimens of “Meristells” vascularia?
came from the Frisco Formation; we have two specimens from the
Arbuckle Mountains region at locality P11, and about 22 from Se-
quoyah County, localities S1-B, S6, $8-C, and $10-B,C.

Superfamily PUNCTOSPIRACEA
GENUS Cyrtina DAVIDSON, 1858

Cyrtina rostrata (Hall), 1857
Plate VIII, figures 15-23; text-figure 39.

Cyrtia rostrata Hall, 1857, p. 64; Hall, 1859, p. 429, pl. 96, figs. 1-6; pl
98, figs. 8a, b.

Cyrtina rostrata (Hall). Hall and Clarke, 1894, pL 25, figs. 1-8; pl. 28, fig.
6; Schuchert and Maynard, 1913, p. 423-424, pl. 71, figs. 10-1€, |

Description. — Cyrtina rostrata has an unequally biconvex shell,
the brachial valve having a gentle and uniform convexity, and the
pedicle valve having a deep convexity which becomes subpyramidal
in the umbonal region. The pedicle beak is pointed, erect, and not
hooked at the posterior tip; pedicle palintrope large, apsacline;
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delthyrium partly closed by an arched, hood-like structure (pl. VIII,
figs. 21, 22). The pedicle valve has a noncostate sulcus which be-
gins at the posterior tip, becoming broad and deep toward the front
margin. There is a corresponding fold on the brachial valve which
is commonly flattened along its crest, and which on a few specimens
has a faint groove along its midline (pl. VIII fig. 15). The surface
is costate; 5 mm in front of the beak there are six to seven costae
in a space of 5 mm. The costae are crossed by closely spaced, con-
centric lamellae. The shell is coarsely punctate.

The pedicle valve has well-developed dental plates which unite
to form a spondylium before reaching rhe floor of the valve. This
spondylium is supported by a median septum that extends into the
spondylial cavity as a ridge (pl. VIII, fig. 23); within the cavity
this part of the septum is hollow and is divided into halves by a
vertical plate (text-fig. 39; pl. VIIL, fig. 21). The anterior end of
this hollow septum is open, the posterior end is probably closed. We
are not entirely certain regarding the function of this ridge; pos-
sibly it served as the point of attachment for the muscles (Amsden,
1958a, p. 135). The median septum extends forward beyond the
spondylium. A short, but stout, cardinal process is present in the
brachial valve. The spiralium was not observed.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties).— We have 65 specimens from this area; almost
all are free valves, and a number are fragmentary. One of our speci-
mens has the two valves articulated; 39 of the free valves are pedicles
and 24 are brachials; pedicle/brachial ratio 1.6. Two nearly com-
plete pedicle valves measure 17 mm long by 33 mm wide, and 19
mm long by 40 mm wide. Thtee brachial valves measure 8 mm
Jong by 19 mm wide, 13 mm long by 25 mm wide, and 14 mm
long by 31 mm wide.

Specimens from northeastern Oklaboma (Sequoyah County). —
We have 13 free valves from the Frisco Formation of Sequoyah

A B

Text-figure 39. Transverse serial sections of Cyrtina rostrata (Hall) from the

Frisco Formation. Distance from the posterior tip of the pedicle beak: A —3

mm; B— 3.7 mm; all x3. A photograph of another peel from this specimen
is shown on plate VIII, figure 21.
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County; two of these are pedicle valves and 11 are brachial valves;
pedicle/brachial ratio 0.18.

Discussion. — The type species of Cyrtina is C. heteroclyta
(DeFrance), a Middle Devonian species the internal structure of
which, so far as we know, has never been adequately described
(Amsden, 1958a, p. 135). The Frisco specimens here referred to
C. rostrata have the internal and external characters generally as-
cribed to Cyrtina and accordingly are retained within this genus.

Hall’s original description of C. rostrata was based upon speci-
mens from the Oriskany Sandstone of Maryland. A couple of years
later Hall furnished additional details, including illustrations, on
specimens from Maryland and New York. A direct comparison of
our shells with those from the Oriskany Sandstone and Glenerie
Limestone shows a matked similarity in profile, outline, and costa-
tion. According to Hall, C. rostrata has fine radiating striae in addi-
tion to the costae, but we have not obsetved this on either the Oris-
kany-Glenerie or Frisco specimens. The absence of striae may be
due to exfoliation, as this delicate type of ornamentation is easily
lost. The Frisco specimens appear to be somewhat larger, on the
average, than the eastern representatives, although this difference is
not marked and the U. 8. National Museum collections include some
shells from the Oriskany Sandstone almost as large as any from
Oklahoma. In so far as can be determined, the internal characters
of the Frisco specimens are the same as those of the Oriskany speci-
mens; Hall’s illustrations show an open delthyrium, but the New
York-Maryland shells which we examined invariably appear to have
this structure closed by an arched deltidium.

Two other species, C. affinis Billings and C. varia Clarke, have
been described from Deerparkian strata, but Clarke (1908, p.183)
later suppressed them as synonyms of C. rostrata.

The Frisco specimens of C. rostrata have a pedicle internal struc-
ture similar to that of C. dalmani nana Amsden (1958a, p. 133-
136, pl. 7, figs. 19-28, text-figs. 34, 35) from the Haragan-Bois
d’Arc Formations. The principal difference is that in the Frisco
shells the hollow part of the median septum is completely divided
into two parts by an internal plate, whereas in the Haragan species
this part is only partly cleft by internal plates extending part way
down from the top and up from the bottom.

Figured specimens. — Localities P8-H and P11, Pontotoc Coun-
ty; numbers QU 3367-3375.

Distribution. — Cyrtina rostrata has been found in the Oriskany
Sandstone throughout most of its outcrop area. Clarke (1908, p.
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183, pl. 31, figs. 25-28) described specimens from the Grande
Greve Limestone of Gaspé, and Stewart (1922, p. 247, pl. 65, fig.
13) found a single brachial valve in the Little Saline Limestone of
Missouri. Dunbar (1919, p. 76) reported it from both the Cam-
den and Harriman Formations of western Tennessee.

This species is moderately common in the Frisco Formation of
Oklahoma; our collections include a total of 78 specimens although
many of these are fragmentary. These came from the following
localities in Pontotoc County: P8-H, P10, P11 (at this locality some
specimens were found in a bed 40 feet above the base of the Frisco);
in Sequoyah County: S4-E, §5-B, S6, S6(A).

GENUS Trematospira HALL, 1859

Trematospira sp.
Plate IV, figure 11

Description. — This species is represented in the Frisco collec-
tions by only two, incomplete pedicle valves, both coming from the
Lawrence uplift in Pontotoc County. These have a transverse shell
with moderate and even convexity. The pedicle beak is small and
incurved over the brachial; the interarea is obscure. A poorly de-
fined pedicle sulcus begins in front of the beak and becomes broad
(but not deep) at the front. The surface is marked with narrow,
subangular costellae, four to five occupying a space of 5 mm at
the front margin; these increase by bifurcation so that the spacing
remains more or less constant from back to front. The costae show
some irregularity in height, suggesting fasciculation; but, as our
shells are not well preserved, this may be the result of exfoliation.
The shell is punctate. No interiors were observed.

Discussion. — It is difficult to make a satisfactory species com-
parison on the basis of our meager collection, but the Frisco shells
do show some similarity to the Oriskany specimens which Clarke
(1900, p. 43, pl. 6, figs. 1-4) identified as T. multistriata, a species
originally described by Hall (1857, p. 59) from the Helderberg
of New York. Clarke’s illustrations indicate that the Oriskany shells
are considerably smaller and more coarsely costate than are those
from the Helderberg, and a restudy of specimens from both forma-
tions is needed to establish that they are conspecific. The Frisco
specimens have a marked resemblance to the Little Saline specimens
which Stewart (1922, p. 248, pl. 65, figs. 4, 5) identified as T.
multistriata (Hall).
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Figured specimens. — Locality P11, Pontotoc County; number
OuU 3312

Distribution. — This is a rare species and has been found only
in the Arbuckle Mountains region. Two pedicle valves from P11
(V1), Pontotoc County.

GENUS Rhynchospirina SCHUCHERT AND LEVENE, 1929

Rbynchospirina? sp.
Plate IV, figure 4

Description. — Two specimens in our Frisco collections from
the Arbuckle Mountains region are tentatively referred to Rhyncho-
spirina. One is a small, nearly complete shell with valves articulated;
this measures only 5.1 mm long by 4.2 mm wide by 2.5 mm thick
and presumably represents an immature individual. The other is
an incomplete pedicle valve with a fragment of the brachial adher-
ing to it; the pedicle is about 11.9 mm long by 9.0 mm wide. Our
smaller shell is subequally biconvex with an erect pedicle beak and
no trace of a fold or sulcus, and the costae are relatively coarse
(10 costae on the pedicle valve). The larger specimen has the
pedicle beak hooked toward, but probably not in conjunction with,
the brachial valve; its costae are relatively large, rounded, and sep-
arated by U-shaped interspaces; near the front margin about 14
costae occupy a space of 5 mm. Both specimens are finely punctate.
No interiors were observed.

Discussion. — The reference of this species to Rhynchospirina
is provisional as it is based entirely upon external characters (which

Text-figure 40A. Remnsselaeria cf. R. elongata

(Conrad). Brachial valve, x1. Frisco Formation,

Arbuckle Mountains zggic;n; locality P8-H (OU
00).
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are imperfectly known) and its punctate shell. Our specimens have
some resemblance in outline and costation to R. rectirostra (Hall,
1857, p. 49; 1859, p. 217, pl. 95A, fig. 1) from the Oriskany
Sandstone, and to R. attenuata (Stewart, 1922, p. 248, pl. 65,
fig. 3) from the Little Saline Limestone of Missouri. However, the
Frisco specimens cannot be precisely identified until we have a more
representative collection.

Figured specimen. — Locality P9, Pontotoc County; number OU
3303.

Distribution. — Two specimens from the Frisco Formation in
the Arbuckle Mountains region; locality P9. None has been found
in northeastern Oklahoma. |

Superfamily TEREBRATULACEA

GENUS Rensselaeria HALL, 1859

Rensselaeria cf. R. elongata (Conrad), 1839
Plate IX, figures 1-12; text-figures 40A, 40B

Terebratula ovoides Eaton, 1832, p. 45 [not Sowerby, 1812}
Atrypa elongata Conrad, 1839, p. 65.
Rensselaeria ovoides (Eaton) [not Sowerbyl. Hall, 1859, p. 456, pl. 104,

figs. 1-4; pl. 105, figs. 1-6; Hall and Clarke, 1894, p. 255-257, pl. 75,

figs. 6, 8; pl. 76, figs. 16, 18.
Rensselaeria elongata (Conrad). Cloud, 1942, p. 54, 57-58, pl. 4, figs. 21-24,

Description. — Rensselaeria cf. R. elongata is represented in ouf
collections by a large number of isolated pedicle and brachial valves.
The posterior end of each valve is much thickened and is generally
well preserved, but toward the front the shells are thin and this part
is commonly- broken and lost, thus making it difficult to obtain
satisfactory data on the outline and on the length/width ratio. We
have a few valves which are complete enough to show that mature
shells are long and narrow; the pedicle valve illustrated on plate
IX, figures 7, 8, has a length/width ratio of about 1.5, and the
brachial valve shown in text-figure 40A has a length/width ratio
of 2.5. The shell is unequally biconvex, the pedicle being considet-
ably deeper than the brachial. The pedicle beak is small, pointed,
and hooked against the brachial (pl. IX, fig. 6); the convexity is
strong and on some individuals the curvature is subcarinate in the
umbonal region. The brachial valve is gently convex in the umbonal
region and only the posterolateral matgins are sharply deflected.
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Most specimens are so deeply exfoliated that they have lost all trace
of external ornamentation, but we have a few shells with the entire
surface covered by fine costellae; in the umbonal region there are
13 to 14 costellae in a space of 5 mm, but toward the front these
broaden and at a distance of 30 mm only eight ot nine costellae
occupy a space of 5 mm (pl. IX, fig. 12). The shell is punctate.

The pedicle valve is much thickened at the posterior end, the
umbonal cavity is narrow, and the muscle scars are deeply impressed.
The teeth are attached directly to the lateral walls and the dental
plates are obsolescent (pl. IX, figs. 1, 11). The brachial valve is
also much thickened at the posterior end (text-fig. 40B). The card-
inal plate is stout and is buttressed by two crural plates (pl. IX, fig.
2). On some shells the cardinalia are much thickened by the deposi-
tion of secondary shell material (pl. IX, fig. 4). A low median
septum extends forward for some distance (text-fig. 40B).

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties).— We have 119 specimens, of which one has the
two valves articulated, 71 are isolated pedicle valves, and 47 are iso-
lated brachial valves, pedicle/brachial ratio 1.5. The postetior mar-
gin is lost on most specimens; one reasonably complete pedicle valve
measures 42 mm long by 28 mm wide; length/width ratio 1.5.

Specimens from northeastern Oklahoma (Sequoyah County), —
Twenty-two specimens are in our Frisco collections trom this area,
of which seven are free pedicle valves and 15 are free brachial
valves; pedicle/brachial ratio 0.5. The Sequoyah County collections
are much smaller than those from the Arbuckle region, and the

c

Text-figure 40B. Transverse serial sections of the brachial

valve of Rensselseria cf. R. elongata (Conrad) showing the

shell thickness nmear the posterior end. Distance from the

posterior tip of the brachial beak: A —5.5 mm; B—6.5 mm;

C— 129 mm. Frisco Formation, P8-H, Pontotoc County,
Oklahoma.
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preservation is not so good; however, in so far as can be determined
the specimens from northeastern Oklahoma are identical to those
from the Arbuckles. One nearly complete pedicle valve measures
36 mm long by 25 mm wide; length/width ratio 1.4.

Discussion. — The genus Rensselaeria was described by Hall in
1859; the genotype is Atrypa elongata Conrad (= Terebratula
ovoides Baton, 1832, not Terebrainla ovoides Sowerby, 1812) from
the Oriskany Sandstone. In 1942 Cloud (p. 54, 57-58, pl. 4, figs.
21-24, pl. 5, figs. 1-9) redescribed and reillustrated the external
and internal features of the genotype.

Conrad based his description of R. elongata on specimens from
the Oriskany Sandstone of New York; later Hall (1859), and Hall
and Clarke (1894) furnished additional information on this species
(as R. ovoides [Eaton]; see Cloud, 1942, p. 54). In 1859 Hall (p.
461-463, pl. 108, figs. 3a-3m) described another species, R. mary-
landica, based on specimens from the Oriskany Sandstone at Cum-
berland, Maryland; he noted that this species closely resembled R.
ovoides [= R. elongatal and might be “only a variety of that
species.” When Schuchert and Maynard (1913, p. 383) made their
study of the Devonian brachiopods of Maryland they stated:

R. marylandica is undoubtedly the southern expression of the
well-known upper Oriskany fossil R. ovoides (Eaton) {= R.
elongatal. In fact, some of the Maryland specimens, if found
in New York, would without hesitation be referred to K.
ovoides | = R. elongatal. However, the majority of individuals
have an expression of their own, and it is advisable to preserve
this local variation under the name R. marylandica.

Cloud (1942, p. 58-59, pl. 5, figs. 1-9) treated R. marylandica
as a distinct species although he did not describe its external charac-
ters nor compare it with R. elongata. In 1960 the senior author
examined the U. S. National Museum collections which include a
number of well-preserved specimens of R. elongata from the Oris-
kany Sandstone of New York, and R. marylandica from the Oriskany
Sandstone of Cumberland, Maryland. This study confirmed Schu-
chert and Maynard’s observation that the New York and Maryland
specimens differ only in minor details. The Maryland shells are, on
the whole, smaller and narrower than are those from New York,
but these differences are slight and certainly do not apply to all
specimens. In-all probability a detailed re-study of Oriskany brachio-
pods will show that R. marylandica should be suppressed as a syno-
nym of R. elongata. The dimensions of a few U. S. National Mu-
seum specimens from both areas are given below:
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Length Width Length/Widch Costellae
mm mm ratio per 5 mm
R. marylandica— Cumberland, Maryland
40 29 1.4 9
40 24 1.7 -
53 30 1.8 -
54 24 2.2 -
64 30 2.1 7
R. elongata— New York
58 35 1.6 7
61 35 1.7 5
63 41 L5 7
74 44 1.7 6
76 35 2.1 6

Our specimens would appear to be closely related to the Oris-
kany representatives of R. elongats (defined to include R. mary-
landica); they ate similar in lateral profile, convexity of the valves,
ornamentation, and internal characters. The outline is also similar
although the Frisco specimens would appear to have a somewhat
narrower and more elongate shell. The Oklahoma shells may be
slightly smaller than the New York and Maryland specimens, al-
though the fragmentary nature of our material makes it difficult to
get teliable size measurements, especially of the length.

The Frisco specimens appear to be conspecific with shells from
the Little Saline Formation which Stewart (1922, p. 242, pl. 64,
figs. 8-12) identified as R. ovoides (Eaton).

Our collections consist mainly of isolated pedicle and brachial
valves. This is the common condition for Frisco brachiopods, but
in R. cf. R. elongata the pedicle/brachial ratio is low, being only
1.5 for specimens from the Arbuckle region and 0.5 for those from
Sequoyah County (combined average, 1.2). In this connection it is
interesting to note that the posterior end of the brachial valve is
much thickened (see Discussion on the pedicle-brachial valve ratio
under Brachiopod Fauna).

Figured specimens. — Localities V7, P10-V, P11, Pontotoc

County; locality S1-B, Sequoyah County; numbers OU 3377-3386,
4600.

Distribution. — This is a common species in the Frisco of the
Arbuckle region and our collections include 119 specimens, mostly
fragmentary, from the following localities: Pontotoc County; P8-H,
P9, P10, P11, V7. We have 22 specimens from the Frisco Forma-
tion in Sequoyah County; S1-B, S5-B, S6, S8-C, S§10-B, C.
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Rensselaeria sp.
Plate VII, figures 19-21

"Re?nelaeria elongata” (Conrad). Amsden and Huffman, 1958, p. 73-75,
ig. L.

Description. — We have three specimens of Rensselaeria sp.
Two are reasonably complete shells with the valves articulated, but
the third specimen is only a fragment of a brachial valve. One of the
articulated shells and the brachial fragment were collected from sur-
face outcrops in Sequoyah and Pontotoc Counties, and their strati-
graphic position is accurately known. The other articulated shell
came from a core in Pottawatomie County (Amsden and Huffman,
1958, p. 73), and little is known about its stratigraphic position.
This specimen is, however, enough like the others to indicate with
reasonable certainty that all three are conspecific. These shells are
large and strongly biconvex. The pedicle valve is considerably deep-
er than the brachial and its beak is hooked tightly against the op-
posite valve (pl. VII, fig. 21). On both valves the posterolateral
margins are sharply deflected, producing steep, flat sides. The princi-
pal difference between the two articulated specimens is in the length-
width relationship; the shell from Sequoyah County is relatively
narrow with a length/width ratio of about 2, whereas the specimen
from the Pottawatomie core has a length/width ratio of 1.7. Meas-
urements are: for the Sequoyah County specimen (pl. VII, figs.
19, 21), length 82 mm (est.), width 40 mm (est.), thickness 54
mm; for the specimen from the Pottawatomie County core (pl.
VII, fig. 20) length 65 mm (est.), width 38 mm (est.), thickness
46 mm. The surface is costellate; near the posterior end about ten
costellae occupy a space of 10 mm, but the costellae are broader to-
ward the front and about 50 millimeters in front of the beak there
are only seven or eight in a space of 10 mm.

We have prepared serial sections of the free, brachial valve;
this shows a heavy cardinal plate, solid except for a small opening
near the posterior end, and supported on stout cardinal plates. This
structure is similar to that found on Rensselaeria cf. R. elongata
(pl. IX, figs..2, 4), and appears to be typical for this genus. We
have little information on the pedicle interior; on both of the articu-
lated shells the pedicle beak and umbonal region are broken enough
to show that this part of the shell wall is thick and that the muscle
area 1s deep.

Discussion. — Two species of Rensselaeria are recognized in our
Frisco brachiopod collections. One of these, R. sp., is represented
by only two large articulated shells and a fragment of a brachial
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valve, whereas the other, R. cf. R. elongata, is represented by many
isolated and largely fragmentary free valves. Because the specimens
in the latter group are mostly small, the question arises whether they
are merely the immature forms of R. sp. This is a possibility which
is difficult to eliminate on the basis of our fragmentary material,
but we are recognizing two species, primarily because of differences
in the brachial valves. The specimens referred to R. cf. R. elongata
have a shallow brachial valve which even on larger individuals shows
little tendency toward a strong convexity, whereas the specimens
assigned to R. sp. have a deeply convex brachial valve. Also the
brachial valve of R. cf. R. elongata appears to be more elongate and
narrower than is that of R. sp.

These shells resemble mature specimens of R. elongata (Con-
rad) and R. marylandica (Hall) from the Oriskany Formation in
size, shape, ornamentation, and internal characters. The principal
difference is in the lateral profile, the Frisco specimens having a
more strongly biconvex shell than have any of the Oriskany shells
which we have observed.

Figured specimens. — Numbers OU 3358, 1233; location given
below.

Distribution. — Three specimens from the Frisco Formation at
the following localities: west rim of the St. Clair Lime Company
quarry, SEV4 SE14 NEV4 sec. 14, T. 13 N, R. 23 E., Sequoyah
County; locality P11-C, Pontotoc County; well core from Smith
Bros. No. 1 Kytle-Ray at a depth of 4,930 feet, SW14 NEL4 NW 14
sec. 36, T. 8 N, R. 2 E., Pottawatomie County.

GENUS Prionothyris CLOUD, 1942

Prionothyris perovalis Cloud, 1942
Plate VIII, figures 1-5

Prionothyris perovalis Cloud, 1942, p- 67-68, pl. 7, figs. 14-31.

Description. — The Frisco specimens of Prionothyris perovalis
have a biconvex lateral profile, the convexity of the two valves
being about equal. It has a fairly long, pointed pedicle beak which
is hooked over, but not in conjunction with, the brachia] valve. Both
lateral margins are introverted to form long, lateral reentrants ( pl.
VIIIL, fig. 2). In outline the shell is elongate oval with the length
greater than the width (length/width ratio about 1.2). The hinge
line is straight and moderately long and the cardinal extremities are
subangular, thus producing well-defined shoulders. The greatest
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width is at about the middle of the shell. The brachial valve is gent-
ly and uniformly convex. The pedicle valve also has moderate con-
vexity, although in the umbonal region the curvature tends to be
more sharply defined. The surface appears to be smooth, but the
preservation of our specimens is not good and they may have orig-
inally had a weak costellation near the front margin. The shell s
punctate, and the punctae are closely spaced.

We have one brachial interior showing a ponderous, erect card-
inal process bearing two elongate pits on its upper surface. The
pedicle interior is without dental plates and the muscle field is large,
elongate oval; the adductor scar is small, elongate, and located rather
far forward (pl. VIII, fig. 4; compare to the steinkern figured by
Cloud, 1942, pl. 7, fig. 28).

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Connties). — We have 27 specimens from the Arbuckle region
of which four are articulated shells, 17 are free pedicles, and six
are free brachials; pedicle/brachial ratio 2.8. Most of these speci-
mens are fragmentary; the one illustrated on plate VIII is the most
complete in our collections and measures 32.8 mm long, 27.1 mm
wide and 13.1 mm thick. One fairly complete free pedicle valve
measures 23 mm long by 21 mm wide.

Specimens from northeastern Oklaboma (Sequoyah County). —
We do not have any specimens from this region.

Discussion. — The genus Prionothyris was described by Cloud,
the genotype being P. perovalis Cloud from the Glenerie Limestone
and Oriskany Sandstone of New York. Cloud’s description and illus-
trations of this species are excellent. The senior author has also
examined the U. S. National Museum Oriskany collections, which
include a number of free valves showing the internal characters.
The Frisco specimens are remarkably similar to those from the Oris-
kany and Glenerie in all respects including size. The brachial card-
inalia and pedicle muscle area of the Oklahoma shells appear to be
identical to those of the New York specimens. The only possible
difference is in the ornamentation. Cloud noted that some well-
preserved shells had weak costellae on the front part of the shell,
a feature which we have not observed on the Frisco specimens; how-
ever, in view of the exfoliated character of the Frisco specimens, we
cannot be certain that such ornamentation was not originally present.

The Little Saline specimen which Stewart (1922, p. 244, pl.
65, fig. 1) identified as Beachia ovalis (Hall) is believed to be a
representative of P. perovalis Cloud. Stewart’s description and illus-
tration indicate an elongate rather than a transverse shell like P.
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ovalis (Hall) (see description by Cloud, 1942, p. 68). The senior
author has collected specimens of Prionothyris from the Little Saline
Limestone at its type locality, and these appear to be conspecific
with P. perovalis from the Oriskany and Frisco Formations.

Figured specimens. — Localities P10 and P11, Pontotoc Coun-
ty; numbers QU 3359, 3360.

Distribution. — Cloud’s specimens came from the Oriskany
Sandstone and Glenerie Limestone of New York. We have 27
specimens, many of which are quite fragmentary, from the Frisco
Formation in Pontotoc County, Arbuckle Mountains region: locali-
ties P8-H, P9, P10, P11, V7. None from Sequoyah County.

GENUS Oriskania HALL AND CLARKE, 1894

Oriskania sinuata Clarke, 1900
Plate VII, figures 1-6

Oriskania sinuata Clatke, 1900, p. 38, pl 5, figs. 9-12; Cloud, 1942, p. 70,
pl. 8, figs. 11,12, 15-17.

Description. — The Frisco specimens assigned to Oriskania sinu-
ata have a relatively small, unequally biconvex shell, the pedicle
valve being much deeper than the brachial. The pedicle beak is
small, pointed, and hooked over, but not in conjunction with, the
brachlal In outline they are elongate oval, with the length greater
than the width (length/width ratio of one complete specimen s
1.4). The pechcle valve is sharply flexed, nearly carinate, in the
umbonal region, from which point the 51des slope steeply to the
lateral margins. The brachial valve is almost flar at the posterior
end, but at about midlength it is bent toward the pedicle, and this
produces a pronounced curve in the lateral commissure (pl. VII,
fig. 2); on the front half of this valve is a shallow, poorly outhned
sulcus. The surface is smooth except for well-marked growth Imes
and the shell is punctate.

We have prepared one pedicle valve which shows some of the
internal characters. The teeth are stout, triangular, and attached to
the lateral walls; they are supported by short dental plates (pl. VII,
fig. 3). Our specimen does not show the muscle area, but presum-
ably it was quite shallow. We have several brachial valves showing
the cardinalia; this structure consists of a ponderous, sessile cardinal

plate which bears a ridgelike cardinal process on its upper surface
(pl. VII, figs. 5, 6).
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Specimens from the Arbuckle Mountains region (Pontoroc and
Coal Counties). — Oriskania sinuata has been found at only one
Iocality, P11, where about 36 specimens were collected from a bed
60 feet above the base. All of these were incomplete, the best shell
being the one illustrated on plate VII, figures 1, 2, 4; six specimens
included at least a part of both valves, three were isolated pedicles,
and 27 were isolated brachials; pedicle/brachial ratio 0.1. This
high percentage of brachial valves is unusual; and in this connection
it is interesting, and probably significant, to note that the pedicle
shell is thin, even at the posterior end, whereas the brachial valve 1s
reinforced at the posterior end by the ponderous cardinalia (the
part which is most commonly preserved). The only reasonably com-
plete specimen in our collections measures 16.1 mm long, 11.2
mm wide, and 8 mm thick.

Specimens from northeastern Oklahoma ( Sequoyah County). —
We do not have any specimens from this area.

Discussion. — Cloud included two species in the genus Oris-
kania: the genotype O. navicella Hall and Clarke (1894, p. 269,
figs. 181-183, pl. 79, figs. 25-27; Cloud, 1942, p. 70-71, pl. 8,
figs. 1-10, 13, 14) and O. sinuata Clarke, both from the Oriskany
Sandstone of New York. The descriptions and illustrations point to
considerable similarity between these two species, a similarity which
is also brought out by an examination of specimens of these species
in the Oriskany collections of the U. S. National Museum. O.
sinwata has a somewhat smaller shell with a more sinuous lateral
commissure than has O. navicella, although some of the specimens
assigned to the latter exhibit moderate sinuosity (Cloud, 1942, pl. 8,
fig. 7); the pedicle and brachial interiors of these species appear to
be identical. Our Frisco shells are remarkably similar in size, out-
line, and lateral profile to typical representatives of O. sinuata; the
structure of the pedicle and brachial interiors also appears to be
identical.

Text-figure 41. Transverse profile of the pedicle valve of Beachia new species,
x5. This drawing is based on the specimen illustrated on plate VIII, figures
8, 13; profile taken about 7 mm in front of the beak.
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Figured specimens. — Frisco Formation, Pontotoc County; num-
bers OU 3345-3347.

Distribution. — We have about 36 specimens, mostly quite frag-
mentary, from locality P11 (V1), Pontotoc County; these all came
from a bed GO feet above the base of the Frisco Formation.

GENUS Beachia HALL AND CLARKE, 1894

Beachia new species
Plate VIII, figures 6-14; text-figures 41, 42

Description. — Beachia new species has an elongate oval shell,
with the length greater than the width; length/width ratio ranges
from 1.1 to 1.3. The profile is unequally biconvex, the pedicle being
much deeper than the brachial. As we have no articulated specimens,
it is difficult to determine the contact relationship of the valves, espe-
cially with respect to the lateral commissure. Moreover, the free
valves are all partly imbedded in matrix, making it difficult to ex-
pose the lateral margins. It does, however, appear that the lateral
margins in the central part of the shell are introverted; the pedicle
valve illustrated on plate VIII, figures 8, 13, and text-figure 41,
clearly has its lateral sides deflected, although the precise degree of
deflection is uncertain. We have only two free brachial valves,
neither of which shows all of the lateral margin. The pedicle beak
is small and is inclined toward the brachial, although probably not
in conjunction with it; this valve is fairly deep and has a rather sharp
curvature along the midline. The brachial valve is gently and uni-
formly convex. The surface bears low, rounded costellae, seven to
eight occupying a space of 5 mm; on all our specimens these are
faint and are confined to the anterior portion of the valve, but this
condition may be in part the result of exfoliation. The shell has
closely spaced punctae.

We have calcined one pedicle valve to produce a reasonably
sharp pedicle steinkern (pl. VIII, figs. 10, 11). This shows an
elongate muscle field that is not deeply impressed; the adductor scars
occupy 2 linear track which is located toward the front end of the
field and near the middle of the valve. The teeth are small and are
suppotted by short dental plates. The brachial valve has a flattish
cardinal plate, which is sessile at its posterior end but which is sup-
ported by short crural plates toward the front (text-fig. 42). We
have no information on the loop.

Specimens from the Arbuckle Mountains region (Pontotoc and
Coal Counties). — We have no specimens from this area.
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Specimens from northeastern Oklaboma (Sequoyah County). —
Our collections include about 14 specimens from this area, of which
12 are free pedicle valves and two are free brachial valves; pedicle/
brachial ratio 6.0. Many of these are fragmentary, but five pedicle
valves are complete enough to give satisfactory length/width mea-
surements:

Length Width Length/Width
mm mm ratio
14.8 13.7 1.1
18.2 15.7 1.2
20.5 17.5 1.2
20.8 16.4 1.3
21.0 16.0 1.3

Discussion. — The genus Beachia was described by Hall and
Clarke (1894, p. 260), the type species being Meganteris suessana
Hall (1857, p. 100; 1859, p. 459, pl. 107, figs. 1-15) from the
Oriskany Sandstone at Cumberland, Maryland. In 1942 Cloud (p.

7
6

Text-figure 42. Transverse serial sections of the brachial valve of Beachia

new species. Numbers 1 to 7 enlarged abeut x5; 4A is an enlarged view (x8)

of 4, showing the growth lines. Distance from the posterior tip of the brachial

valve: 1—0.8 mm; 2— 1.4 mm; 3— 1.8 mm; 4—2.1 mm; 5—25 mm;

6—3.1 mm; 7— 3.6 mm. These are sections of the specimen illustrated on
plate VIII, figure 7.
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60-63, pl. 6, figs. 1-20) gave a detailed redescription of the genus
and genotype, including a number of excellent illustrations of B.
suessana. Our specimens are internally similar to the genotype. The
brachial valve has a sessile cardinal plate like that of B. suessana,
although this plate is not so swollen as in the Oriskany species. In
the pedicle valve of the Frisco shells are short dental plates and an
elongate, weakly impressed muscle field, which is much like that
found in the Oriskany species. Externally our species has the general
shape and ornamentation of Hall’s species, the only question being
whether the Oklahoma shells have strongly introverted lateral mar-
gins. This last point is of some importance in making a generic
assignment, because, as Cloud points out, “Depressed, subcircular
species of Rensselaeria . . . could be confused with Beachia: but the
introverted lateral margins, well-developed planareas, and conjunct
deltidial plates of Beachia offer a ready external distinction from
these.” The only one of these three points for which we have any
information is the introverted lateral margins, and there is some
uncertainty on this point. On well-preserved articulated specimens
the distinction between the lateral commissure of Beachiz and
Rensselaeria is undoubtedly clear, but some species of the latter do
have a mild indentation of this part of the shell (Cloud, 1942, pl.
5, fig. 6; compare to his plate 6, fig. 9) and, on fragmentary ma-
terial such as we have, the degree of inversion is not clear.

Cloud assigned three species to Beachia: B. amplexa Clarke
(1908, p. 168, pl. 26, figs. 14-17), B. suessana (Hall), and B.
thunii (Clarke, 1908, p. 168, pl. 26, figs. 8-13). The Frisco shells
are most like B. suessana, but a direct comparison with Oriskany
specimens at the U. S. National Museum shows that the Frisco speci-
mens are more elongate and have less well-developed shoulders. A
more definitive collection would in all probability show that the
Frisco shells represent a new species.

Figured specimens. — Locality S6; numbers OU 3361-3366,
3376.

Distribution. — We have 14 free valves from the Frisco Forma-
tion, Sequoyah County; localities S5-B and S6. None from the
Arbuckle Mountains region.
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PART II. — ARTICULATE BRACHIOPODS
OF THE SALLISAW FORMATION (DEVONIAN)

THOMAS W. AMSDEN

INTRODUCTION

The Sallisaw is a thin formation, mostly arenaceous limestone
and dolomitic limestone, of late Early Devonian age. It crops out
in a small area of northwestern Sequoyah County, Oklahoma, the
best exposures being in the vicinity of Marble City (text-figs. 1, 3).
The Sallisaw is overlain by the Sylamore Sandstone Member of the
Chattanooga Formation and is underlain by the Frisco, or where that
formation has been removed by post-Frisco pre-Sallisaw erosion, by
the St. Clair Formation (text-fig. 4). Within its outcrop area the
Sallisaw has been removed locally by post-Sallisaw pre-Chattanooga
erosion, allowing the Sylamore Sandstone to rest directly upon the
Frisco.

Previous investigations. — The Sallisaw Formation was named
by Cram (1930, p. 550-551) for exposures on Sallisaw Creek (text-
fig. 3). Cram did not discuss the fauna beyond noting that these
strata carried a Middle Devonian fauna similar to that of the Cam-
den Chert of western Tennessee. This information was taken from
an earlier publication of Schuchert (1922, p. 669) in which Lep-
taena rhomboidalis ventricosa, Schuchertella new species, Spirifer
worthenanus, and Amphigenia curta were recorded from strata re-
ferred to as “Middle Devonian Sylamore Sandstone = Camden
Chert of western Tennessee.” Schuchert lumped the Sallisaw in with
the Sylamore, but these are now known to be distinct lithostrati-
graphic units of different age, the Sylamore being the basal clastic
phase’ of the Chattanooga Shale (text-fig. 4). In 1953 Christian
(p. 33-39) made a detailed study of the geology of the Marble City
area and recorded 10 species, all brachiopods, from the Sallisaw
Formation. His faunal list was later published in Huffman’s paper
on the Geology of the [south and west] flanks of the Ozark uplift,
northeastern Oklahoma (1958, p. 37). The lithostratigraphy of
the Sallisaw Formation was described in my 1961 paper, which in-
cludes information on thickness, distribution, texture, insoluble resi-
dues, etc.; this publication does not include any faunal descriptions.
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Present investigation. — This report is based upon a lithostrati-
graphic and biostratigraphic investigation of the Sallisaw Formation
in Sequoyah County during the years 1959 to 1961. In the course
of this investigation about 500 brachiopods were collected from the
Sallisaw in the Marble City area. All of these specimens were col-
lected in situ (broken out of the rock) from strata the geographic
and stratigraphic positions of which were carefully determined in
the field. The stratigraphic data pertaining to these collections are
recorded in the appendix of my 1961 report. It should also be noted
that the Sallisaw has been mapped in detail throughout its outcrop
area in the Marble City region (Christian, 1953; Amsden, 1961, pl.
I; text-fig. 3 of this report).

My investigation of the Sallisaw brachiopods has been helped
by a study of related Devonian faunas from Illinois and Tennessee.
I have examined the brachiopods from the Clear Creek Formation
of Illinois and the Camden Formation of western Tennessee in the
collections of the U. S. National Museum and Peabody Museum,
Yale University. F. H. Manley and I collected a few fossils from
the Clear Creek Formation along the bank of Hutchins Creek in
Union County, Illinois (see text-fig. 45). In addition, the following
type spectmens were borrowed from other institutions: Chonetes
arcuatys Hall and Chonetes acutiradiatus Hall from the American
Museum of Natural History; Spirifer worthenanus Schuchert (=
Spirifer engelmanni Meek and Worthen), Spirifer hemicyclus Meek
and Worthen, and Stricklandinia elongata curta Meek and Worthen
from the Illinois Geological Survey. Several brachiopods from the

Onondaga, Clear Creek, and Camden Formations are illustrated on
plates XV, XVII, XIX, and XX.

Acknowledgments.— T. L. Rowland and F. H. Manley helped
collect some of the specimens used in this report. I wish to acknowl-
edge the use of H. E. Christian’s Sallisaw collections. I also wish
to thank G. A. Cooper of the U. S. National Museum; Karl M.
Waage of Peabody Museum, Yale University; Donald F. Squires of
the American Museum of Natural History; and Lois S. Kent of the
Illinois Geological Survey for the loan of specimens.



143
SALLISAW STRATIGRAPHY

The lithostratigraphy of the Sallisaw Formation has been de-
scribed in some detail (Amsden, 1961), and therefore only a short
summary is included in this report.

The Sallisaw Formation is represented by two lithofacies: (1)
an arenaceous carbonate, commonly with nodules and lenses of
vitreous chert and (2) an arenaceous chert facies (a discussion of
these terms is given in Amsden, 1961, p. 13-14). The arenaceous
carbonate is a limestone with varying amounts of MgCOs and has
scattered detrital quartz grains. The quartz detritus, which makes
up most of the insoluble part of the rock, is predominantly in the
form of angular to subangular grains in the fine-sand-sized range.
The quantity of sand is variable, ranging as high as 45 percent, but
the average is only 9.5 percent. In addition to quartz, most insoluble
residues carry some glauconite, limonite, and other minerals in small
amounts. The quantity of MgCOs is also highly variable with some
beds having as much as 25 percent although the average is only
11.5 percent. Nodules and lenses of vitreous chert are fairly com-
mon and some of these are fossiliferous. With the possible exception
of pelmatozoan debris, the Sallisaw is not a highly fossiliferous rock
(Amsden, 1961, p. 48). Most beds carry some scattered brachiopod
shells, but, with few exceptions, megafossils do not constitute a sig-
nificant part of the rock. Of the brachiopods, which are by far the
most common megafossils, 98 percent are disarticulated (table 7a%),
and some of the shells appear to have been broken either before or
during deposition. The Sallisaw appears to have been deposited in a
relatively high-energy environment, although the water probably was
not so turbulent as it was during Frisco deposition.

The arenaceous chert facies is quite local in its development and
consists of angular to subangular detrital quartz grains set in a matrix
of finely crystalline quartz. The texture and relationships of this
rock indicate that it originated by the silicification of the carbonate,
the CaCOs and, to some extent, the MgCOs being replaced by finely
crystalline quartz. This replacement appears to have occurred fairly
early, at least before the deposition of the Sylamore Sandstone Mem-
ber of the Chattanooga (Amsden, 1961, p. 54-55, 77). This rock
also carries scattered brachiopods, almost all being disarticulated.

*The fossils from the vitreous chert are somewhat better preserved than are those
from the carbonate, but the degree of disarticulation is about the same as shown in
table 7A.
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The Sallisaw outcrops are largely confined to a restricted area
just north of Marble City (text-fig. 3). Fossiliferous Sallisaw
(arenaceous chert facies) is also known to crop out in a small area
about three miles west of Tenkiller Dam (Amsden, 1961, p. 45, 54).
Throughout much of the Marble City area this formation is overlain
by the Sylamore Sandstone Member of the Chattanooga Formation
and is underlain by the Frisco Formation (text-fig. 4). In some
places, however, the Frisco is absent and the Sallisaw rests directly
upon the St. Clair. The Chatranooga truncates both of these Early
Devonian formations so that its basal member, the Sylamore Sand-
stone, may rest upon the Sallisaw, or the Frisco, or the St. Clair
(Amsden, 1961, p. 60).

‘The Sallisaw Formation is thin throughout its outcrop area. It
is eight feet thick at the type locality on Sallisaw Creek (stratigraphic
section S1) and reaches its maximum of about 20 feet at strati-

graphic section S14 in Payne Hollow (text-fig. 3; Amsden, 1961,
pl. I, p. 108).

SALLISAW MEGAFAUNA

The Sallisaw megafauna consists almost entirely of brachiopods.
I have collected some specimens of Tentaculites sp. and one small,
solitary tetracoral from stratigraphic section S14 (text-fig. 3), but
elsewhere brachiopods are the only fossils obtained.* Schuchert
(1922, p. 669) and Christian (1953, p. 38) reported only brachio-
pods from the Sallisaw. I have not observed conodonts or arenaceous

TABLE 7A.—SALLISAW BRACHIOPODS
Arenaceous Carbonate Vitreous Chert
Facies Facies
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Protoleptostrophia blainvillei o i2 1 12.0 0 2 1 2.0
Leptaena sp. 1] 3 0 0 0 0
Eodevonaria intermedia 0 23 0 0 18 ] 3.6
Chonostrophia complanata? [« 0 0 [1] 3 4]
Anoplia nucleata 0 5} [1] 0 21 3 7.0
" Schellwienella? sp. 1 16 5 3.3 0 1 2 0.5
- Leptocoelia flabellites? 1 27 31 0.9 [1] 0 4
Atrypa sp. 1 2 4 0.5 0 0 0
Fimbrispirifer ¢f, F. divaricatus 0 31 12 2.8 0 [} 0
Hysterolites (A.) worthenanus? 0 80 10 8.0 1 20 B 2.5
Amphigenia curta 0 63 66 0.9 1 1 0
Total 3 260 128 2 66 19

* The Sallisaw may include a substantial amount of pelmatozoan debris, but this is
difficult to prove because of the state of preservation ( Amsden, 1961, p. 48-49).
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Foraminifera, although a more intensive check may show them to
be present.

Environment of deposition. — Either before or during deposition
the Sallisaw shells were subjected to movement by current and/or
wave action, which produced some breakage and extensive disarticu-
lation. This fact suggests that the fauna is to a large extent a thana-
tocoenose (see pare I, p. 25); however, I am inclined to doubt that
the shells were moved any great distance because the preservation of
the specimens in the vitreous chert is good. In all probability the
environment in which the organisms lived was essentially the same
as that in which they were buried although this is difficult to prove
as few, if any, of the fossils collected appear to be in the position
occupied during life.

The environment of deposition was probably similar to that of
the Frisco, both formations being laid down in fairly shallow, turbu-
lent water. Probably the Frisco sea was somewhat more strongly
agitated, as indicated by the more fragmented character of its fossils.

SALLISAYW BRACHIOPODS

The Sallisaw has a small articulate brachiopod fauna.* I have
collected about 500 specimens which are assigned to 11 species
(one new) and 11 genera. The preservation of the specimens from
the arenaceous carbonate and arenaceous chert facies is not good.
Almost all the specimens are disarticulated and some were broken
either before or during deposition. Furthermore, some shells are
slightly crushed, probably due to compaction during induration. To
this breakage must be added that which occurs during collecting;
al] specimens were broken out of the rock, making it difficult to
obtain really fine specimens. The specimens in the vitreous chert are
better preserved, almost all being internal and external molds. Rub-
ber casts of these molds yield fine replicas of the original. A com-
parison of the brachiopod preservation in the arenaceous carbonate
facies with that of the vitreous chert is shown on plate XVI, which
illustrates specimens of Hysterolites (A.) worthenanns? (Schuchert)
from both facies. In describing this fauna, I have tried to follow a
conservative policy and make definite species assignments only where
the material seems to justify fully such an identification. The syste-
matic description of each species includes information on the num-
ber of specimens and the nature of their preservation.

* Both the vitreous chert and arenaceous chert facies of the Sallisaw yield large,
orbiculoid brachiopods; no inarticulate brachiopods are described in this report.
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Disarticulation and the ratio of pedicle to brachial valves. — At
the time of deposition almost all the Sallisaw brachiopods were dis-
articulated; 98 percent of the specimens collected are free pedicle
and brachial valves (table 7A).* It is interesting to compare the
ratio of the number of pedicle valves to the number of brachial valves
in the disarticulated part of this fauna. For most species there is a
marked disparity between the two, the pedicles generally being
much more numerous than the brachials (text-fig. 43). Leptocoelia
flabellites? and Amphigenia curta are the only species in which the
two valves are approximately equal in number; in all others the
pedicles are much more numerous than the brachials (excluding

* All of my specimens were collected by breaking the fossils out of the rock and
therefore none of this disarticulation is the result of recent weathering. Considerable
breakage takes place in the process of collecting, but in most cases this can be
easily distinguished from the fragmentation which took place during deposition,
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Text-figure 43. Graph showing the number of free pedicle (left side) and free
brachial (right side) valves for each Sallisaw brachiopod species. The figure
at the base of each set of bars shows the number of articulated specimens rep-
resenting that species. This is compiled from the data given in table 74; the
specimens from the arenaceous carbonate and vitreous cchert facies are combined.
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Atrypa sp. which is represented by only seven specimens). The re-
Jationship is approximately the same in both the arenaceous carbon-
ate and the vitreous chert facies; the average pedicle/brachial ratio
in the latter is 3.1 and is 4.1 in the former. (The vitreous chert
collection is considerably smaller than that from the carbonate
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Text-figure 44. Graph comparing the pedicle/brachial ratio of selected brachio-
pods from the Sallisaw (left side) and Frisco (right side) Formations. The first
two pairs of bars compare the strophomenacid species Protoleptostropbia
blainvillei-Leptostrophia magnifica and Leptaena sp.-Leptaena wventricosa;
the next compares the three Sallisaw chonetacids, Eodevonaria intermedia,
Chonostrophia complanata, and Anoplia nucleaiz, with the three Frisco species,
Chonetes? sp., Chonostrophia complanata, and Anoplia nucleata; the fourth
compares the orthotetacid species Schellwienella? sp. and Schuchertella becraft-
ensis; the fifth compares the two Sallisaw spiriferacids, Fimbrispirifer, cf. F.
divaricatus and Hysterolites (A.) worthenanus? with the five Frisco species,
Hysterolites (A.) murchisoni, Costispirifer arenosus, Spinoplasia oklahomensis,
Kozlowskiellina sp., and Eospirifer sp.; the last compares the Sallisaw terebratu-
lacid Amphigenia curta with the five Frisco terebratulacids, Remsselaeria cf.
R. elongata, R. sp.. Prionothyris perovalis, Oriskania sinuata, and Beachia sp.
The data for this are compiled from tabies 1 and 7A. See also text-figures 6B,
7, 8, 43.
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strata.) This is quite similar to the pedicle/brachial ratio found in
the Frisco (3.3), and a comparison of the related brachiopods from
these two formations also shows a fairly well-defined correlation
(text-fig. 44). Note the similarity between the Sallisaw terebratu-
lacid, Amphigenia curia, and the average ratio of five Frisco tere-
bratulacids. Both A. curta and Leptocoelia flabellites? are charac-
terized by their stout brachial cardinalia, which in the latter species
is further strengthened by a cardinal process. The disparity between
the numbers of pedicle and brachial valves in the Frisco has already
been discussed in part I, and it was concluded that this resulted large-
ly from the breakage which took place before and during deposition,
the more fragile valves being the more easily destroyed. I suspect
that this explanation is also true for the Sallisaw, although the evi-
dence is not so conclusive as in the case of the Frisco. For one thing,
the Sallisaw brachiopods were collected from a rather restricted geo-
graphic area and thus lack the more widespread geographic repre-
sentation of the Frisco. Also the Sallisaw fossils do not show so
much evidence of breakage as do those from the Frisco. However,
the fact that taxonomically related (and thus structurally similar)
brachiopods from the two formations have similar pedicle/brachial
ratios (text-fig. 44) suggests that the same process was responsible
in each case,

Dissribution and composition of the Sallisaw brachiopod fauna.—
Approximately 500 Sallisaw brachiopod specimens were collected,
all from the Marble City area. The best collecting area is along
Payne Hollow, in the vicinity of stratigraphic sections S8, S10, and
S14. T also collected some specimens from the outcrop belts along
Walkingstick Hollow and near the St. Clair Lime Company quarries
(text-fig. 3). The fossils were collected throughout the formation
although this is not especially significant as the Sallisaw is generally
less than 10 feet thick; at stratigraphic section S14 the formation
is at least 20 feet thick, and representatives of seven species were
collected from the upper 2 or 3 feet. The geographic distribution of
my collections is given in table 7B.

The Sallisaw articulate brachiopods are referred to 11 species,
representing 11 genera, 8 families, and 6 superfamilies. The chone-
tids and spiriferids are the better represented groups; however, the
terebratulacid, Amphigenia curta, is the most common and widely
distributed species. The following tabulation shows the major taxa
in the Sallisaw fauna (* indicates more common species).
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Superfamily STROPHOMENACEA.
Family Strophomenidae
Protoleptostrophia blainvillei (Billings)

Family Strophodontidae
Leptaena sp.

Superfamily CHONETACEA

Family Chonetidae
*Eodevonaria intermedia Amsden, new species
Chonostrophia complanata? (Hall)
Anoplia nucleata (Hall)

Superfamily ORTHOTETACEA
Family Orthotetidae

Schellwienella? sp.
Superfamily ATRYPACEA

Family Coelospiridae
Leprocoelia flabellites? (Conrad)

Family Atrypidae
Atrypa sp.
Superfamily SPIRIFERACEA

Family Spiriferidae
Fimbrispirifer cf. F. divaricatus (Hall)
*Hysterolites (Acrospirifer) worthenanus? (Schuchert)

Superfamily TEREBRATULACEA

Family Centronellidae
* Amphigenia curta (Meek and Worthen)
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TAELE T7B.—DISTRIBUTION OF SALLISAW BRACHIOPODS

Stratigraphic Section
S1 s3 S4 S5 58 59 | S10| S11 | S13 | S14
Protoleptostrophia blainvillel X X
Leptaena sp. X
Eodevonaria Intermedia X X X X
Chonostrophia complanata? X
Anoplia nucleata X X
Schellwienella? sp. X x X X
Leptocoelia flabellites? X
Atrypa sp. X
Fimbrispirifer cf. F. divaricatus X
Hysterolites (A.) worthenanus? X X X X
Amphigenia curta X X X X X X X
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Comparison with the Frisco brachiopod fauna. — The Sallisaw
brachiopod fauna is smaller than that of the Frisco; my Sallisaw
collections include 11 species as compared to 32 species in the com-
bined Arbuckle Mountains-Sequoyah County Frisco collections, and
26 species in the Frisco Sequoyah County collections alone. These
two faunas have several elements in common. At least four genera,
Leptaena, Chonostrophia, Anoplia, and Hysterolites (Acrospirifer),
and two species, Chonostrophia complanata and Anoplia nucleata,
are common to the two formations. In addition, Leptocoelia fla-
bellites is well represented in Deerparkian strata of other areas, al-
though it has not been found in the Frisco Formation of Oklahoma
(e. g., Oriskany, Little Saline, and Harriman Formations). Some
marked differences also exist between the Sallisaw and Frisco
brachiopods. The genera Eodevonaria, Fimbrispirifer, and Amphi-
genia are not present in the Frisco and, according to Boucot (1959b,
p. 733-734, fig. 5) and Cooper (1944a, p. 232, 363), are unknown
from strata as old as Deerparkian (text-fig. 51). Protoleptostrophia
1s another genus which has not been found in the Frisco (or older
Oklahoma strata). Williams (1953, p. 41) gave the range of this
genus as “Earlier than Lower Devonian (Oriskany) to end of Mid-
dle Devonian (Erian),” whereas Boucot (1959b, p. 736) stated
that it is restricted to strata of post-Helderbergian age. A compari-
son of the Sallisaw brachiopods with those from the Frisco and older
Oklahoma strata is shown in text-figure 10 (note that the Sallisaw
fauna is much smaller than any of the others appearing on this
chart).

AGE AND CORRELATION

The Sallisaw is unconformably underlain by the Frisco Forma-
tion, which carries a large fauna of Deerparkian age and is uncon-
formably overlain by the Chattanooga Formation, the lower part of
which is Upper Devonian (Hass, 1956, p. 1, 2, 21, 25; see also
Urban, 1960, p. 52, 54). The megafossils from the Sallisaw indi-
cate a late Early Devonian age, although it is rather difficult to
make a precise age assignment on the basis of its small fauna. Only
11 species of articulate brachiopods have been collected* and for
some of these the preservation is such as to preclude precise specific
identification. However, enough diagnostic fossils are present to
relate the Sallisaw to the Esopusian or, possibly, the early part of
the Onesquethawan (restricted).

* The only other megafossils collected from the Sallisaw consist of a single specimen
of a solitary tetracoral, a few specimens of an orbiculoid brachiopod, and Tenta-
culites sp.
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Esopus Formation.— The Onesquethawan Stage has generally
been considered to include the Esopus, Schoharie, and Onondaga
Formations of New York and their faunal equivalents elsewhere
(Cooper and others, 1942, p. 1731). Boucot (1959b) made a de-
tailed study of the Esopus Formation and its fauna in the vicinity of
Highland Mills, Orange County, New York. He divided this forma-
tion into three members: a lower Highland Mills Member, a middle
unnamed member, and an upper Woodbury Creek Member. The
upper and lower members are fossiliferous, and the brachiopods
from these members were described and illustrated in detail. Boucot
included a comparison of the genera and species from the Oriskany,
Esopus, and Onondaga Formations and concluded that the Esopus
fauna should represent a new stage. Thus the Early Devonian would
be divided into a Helderbergian Stage, a Deerparkian Stage, and an
Esopusian Stage, the last succeeded by the Onesquethawan Stage
(restricted) of early Middle Devonian age. The distribution of
brachiopod genera through these stages in New York is shown 1in
text-figure 51 (compare with text-fig. 10). The Sallisaw brachio-
pods are similar in certain respects to those from the Esopus, espe-
cially those of the Woodbury Creek Member, and the Sallisaw fauna
is tentatively assigned to the Esopusian Stage, although it must be ad-
mitted that this faunal comparison is based on relatively few species.
An analysis of the Sallisaw fauna in terms of known Deerparkian,
Esopusian, and Onesquethawan brachiopods is given below.

The Sallisaw species Protoleptostrophia blainvillei (Billings)
is represented by only a few specimens; however, the preservation is
good, showing both the external and internal characters (pl. XIX,
figs. 1-5). Williams (1953, p. 41) gave the range of Prorolepto-
strophia as “Earlier than lower Devonian (Oriskany) to end of
Middle Devonian (Erian),” but according to Boucot (1959b, p.
736) this genus is restricted to post-Helderbergian strata. The Salli-
saw shells are similar to specimens of P. blainvillei from the Gaspé
Sandstone; about the only possible difference I can detect is in the
character of the pedicle muscle scar which may be slightly more
flared in the Gaspé shells. Boucot and Cumming (1953, p. 1397)
assigned the lower part of the Gaspé Sandstone to the Lower De-
vonian and tentatively correlated it with the Siegenian and lower
Emsian of Europe; Boucot (1959b, p. 733, 739) correlated the
lower marine portion of the Gaspé Sandstone with the Highland
Mills Member of the Esopus Formation. The genus Protolepto-
strophia is not reported from either member of the Esopus Forma-
tion, but specimens identified as Protoleptostrophia sp. are present
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in the overlying Kanouse Sandstone (Boucot, 1959b, p. 738, 750-
751, pl. 95, figs. 13-16).

Eodevonaria intermedia, new species, is one of the more common
species in the Sallisaw Formation (pl. XIII, figs. 1-15). The genus
Eodevonaria is rather widely represented in Esopusian and Onesque-
thawan strata in the central and eastern United States and Canada,
and Billings and Clarke described the species E. melonicus (Billings)
from the Grande Gréve Limestone of Quebec. The Sallisaw species
is similar to the Onondaga species (footnote, p. 168), E. acutiradiata
(Hall) and E. arcuata (Hall), but differs in the character of the
ornamentation and in the lateral profile. Boucot (1959b, p. 755-
756, pl. 97) illustrated specimens of Eodevonaria cf. E. gaspensis
Clarke from the Highland Mills Member, and specimens of Eode-
vonaria cf. E. arcuata (Hall) from the Woodbury Creek Member

and Kanouse Sandstone. The Sallisaw specimens have some resem-
blance to the Woodbury Creek shells.

Chonostrophia complanata? (Hall) has been found only in the
vitreous chert facies of the Sallisaw Formation (pl. XIV, figs. 22-25;
pl. XV, fig. 16). The Sallisaw shells have delicate, uniform costellae
with no tendency toward the alternating type of rib present on
C. reversa (Whitfield). Chonostrophias with this type of ribbing
are said to be restricted to strata of pre- Onondagan age (Boucot,
1959b, p. 735, 757). C. complanata is present in both the Frisco
and Sallisaw Formations of Oklahoma. This species (with uniform
costellae) is common in the Camden Formation of western Tennes-
see and is also present in the Clear Creek Formation of Illinois.
The Woodbury Creek specimens described by Boucot are not well
enough preserved to show whether the costellae were uniform or
alternating.

Anoplia nucleata (Hall) is sparsely represented in the vitreous
chert facies of the Sallisaw Formation (pl. XIII, figs. 16-24). ‘This
genus appears to be restricted to strata of Deerparkian and Esopusian
age (in eastern North America); A. nucleata has been widely re-
ported from strata of this age throughout the central and eastern
parts of the United States and Canada. It is present in the Frisco
and Sallisaw Formations of Oklahoma; it is also found in the Clear
Creek Formation of Illinois, the Camden Formation of western
Tennessee, and the Woodbury Creek Member of the Esopus Forma-
tion.

The species herein identified as Schellwienelia? sp. is moderately
common in the Sallisaw Formation. I use the generic name Schell-
wienella in a broad sense to cover the early Devonian orthotetacids
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having well-developed dental plates. As this group is in need of
taxonomic review and revision, the stratigraphic value of the various
species recognized is limited. The Sallisaw shells have an internal
and external resemblance to the Esopus specimens which Boucot
(1959b, p. 752, pl. 96, figs. 3, 4, 6, 7, 9, 11) identified as Schu-
chertella sp. A.

Leptocoelia flabellites? (Conrad) is represented by a number
of Sallisaw specimens although the preservation is not good (pl.
XIV, figs. 1-10). In so far as can be determined, the Sallisaw shells
are conspecific with those from the Oriskany Sandstone of New
York; they appear to be specifically different from specimens of
L. acutiplicata (Conrad) from the Onondaga Formation of New
York (see description of Leprocoelia flabellites? (Conrad). The
Sallisaw shells seem to be conspecific with specimens from the Clear
Creek Formation of Illinois and the Camden Formation of -western
Tennessee. This species is also present in the Highland Mills and
Woodbury Creek (lower half) Members of the Esopus Formation
(Boucot, 1959b, p. 741, pl. 91, figs. 1-6).

The Sallisaw collections include a number of specimens of
Fimbrispirifer cf. F. divaricatus (Hall) from the arenaceous car-
bonate facies at stratigraphic section S14 (pl. XVIII, figs. 2-11).
Cooper (1944, p. 323) gave the range of the genus Fimbrispirifer
as Onondaga to Tichenor, and Boucot (1959b, p. 735) stated that
it is restricted to strata of post-Oriskany age. The Sallisaw shells
are similar to specimens of Fimbrispirifer divaricazus (Hall)* from
the Onondaga Limestone, but they differ in the nature of the pedicle
palintrope. To my knowledge the genus Fimbrispirifer has not
been reported from the Esopus, Clear Creek, or Camden Formations.
The Sallisaw specimens are found in association with the typical
Sallisaw brachiopod fauna.

Hysterolites (Acrospirifer) worthenanus? (Schuchert) is well
represented in both the arenaceous carbonate and the vitreous chert
facies of the Sallisaw (pl. XVI). I follow the diagnosis given by
Havlidek and treat Acrospirifer as a subgenus of Hysterolites, but it
should be noted that the internal structure of the type species of
Acrospirifer and Hysterolites is unknown to me (see H. (A.) maurchi-
somi in part I and H. (A.) worthenanus? in part II, this report).
Boucot (1959b, p. 736) treated Hysterolites and Acrospirifer as

* Cooper (1944a, p. 323) reported this species from the Lower Onondaga; Olivet
(1956, p. 1452, 1462) recorded it from the Edgecliff and Moorehouse Members
of the Onondaga.



154 ANALYSIS OF SALLISAW FAUNA

separate genera and gave the range of each as Oriskany to Onondaga.
The Sallisaw specimens are certainly closely related to and, in all
probability, conspecific with the type specimens from the Clear
Creek Formation of Illinois. ‘This species is also believed to be
present in the Camden Formation of western Tennessee. Boucot
reported a few fragmentary specimens of Hysterolites sp. from the
Woodbury Creek Member of the Esopus Formation.

The most common Sallisaw brachiopod is Amphigenia curta
(Meek and Worthen), which is widely distributed in all facies ( pl.
X1V, figs. 11-21; pl. XX, fig. 8). The genus Amphigenia is ap-
parently restricted to strata of Esopusian and Onesquethawan age.
Boucot (1959b, p. 737, text-fig. 5) gave an informative discussion
on the phylogeny of this genus. He believed that the Onondaga
species A. elongata (Vanuxem), which has a short spondylium and
long median septum, developed out of Etymorhyris, with long sub-
parallel dental plates, by the convergence of the dental plates. The
Woodbury Creek species, A. preparva Boucot, is intermediate in
structure between the early Esopusian Efymorhyris and the Onesque-
thawan species A. elomgata, having a long spondylium and no
median septum. The pedicle interior of A. curta appears to be inter-
mediate between A. elongata and A. preparva; it has a median sep-
tum but this is considerably shorter than in A, elongata (see Amphi-
genia curta (Meek and Worthen), Brachiopod Descriptions). A.
curta is common in the Sallisaw, Camden, and Clear Creek Forma-
tions.

The Sallisaw also includes a few fragmentary specimens of
Leptaena sp. and Atrypa sp. These species are of little or no value
in determining the relative age of this formation.

In summary, the diagnostic elements in the Sallisaw fauna point
to a late Esopusian or possibly early Onesquethawan age. The com-
bination of Protoleptostrophia blainvilles, Chonostrophia compla-
nata? (evenly tibbed type), and Leprostrophia flabellites? suggests
the Esopusian Stage*; the species Eodevonaria intermedia is com-
patible with Esopusian or Onesquethawan; the pedicle structure of
Amphigenia curta would best accord with late Esopusian or, pos-
sibly, very early Onesquethawan; Anoplia nucleata and H ysterolites
(Acrospirifer) worthenanus ate not incompatible with an Esopusian
date, but could be present in Deerparkian or Onesquethawan strata.
So far as T know, the genus Fimbrispirifer has not been reported from

* It should be kept in mind that the Sallisaw Formation unconformably overlies the
Frisco Formation which carries a large and characteristic Deerparkian fauna.
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the Esopus, Clear Creek, or Camden Formations, although F. grier
(Hall) is present in the Schoharie Formation and F. divaricatus
has been reported from the Bois Blanc Formation of Michigan; this
would suggest a late Esopusian or younger age.

Camden Formation. — The Camden Chert was named by Safford
(Safford and Schuchert, 1899, p. 429-430) for exposures at Camden,
Benton County, western Tennessee. Schuchert (Safford and Schu-
chert, 1899, p. 431-432) stated that the fossils are early Oriskany
in age and similar to the fauna described by Meek and Worthen
(1868, p. 393-404) from the Clear Creek Formation of southern
Illinois. Some years later Dunbar (1918, p. 746-754; 1919, p. 79-
81) removed the lower part of the Camden to a new formation,
the Harriman Chert; on the basis of its fauna the Harriman was
considered to be an Oriskany correlative (see part I of this report),
whereas the Camden (restricted) was assigned to the early Middle
Devonian. In discussing the age of the Camden Formation (re-
stricted) Dunbar (1919, p. 89) stated . . . the Camden (and
Clear Creek) chert may be partially at least the time equivalent of
the Esopus and Schoharie grits of New York.” In 1949 Wilson
(p. 310-312) noted that the Camden was represented by a lime-
stone and a chert facies (see also Dunbar, 1919, p. 80).

Dunbar (1919, p. 86-87) recorded 42 species from the Camden;
these were distributed as follows: 1 coral, 1 crinoid, 1 bryozoan, 3
inarticulate brachiopods, 30 articulate brachiopods, 2 trilobites, and
4 mollusks.* The Camden articulate brachiopods cited by Dunbar
are given in table 8 of the present report. This is a fairly large
brachiopod fauna although it should be noted that many of these
species are rare; the following seven species are represented by only
one or two specimens: Rbipidomelloides alsa?, Isorthis cf. I. pro-
pinqua, Strophodonta cf. S. hemisphaerica, Camarotoechia cf. C.
sappho, Costispirifer wnicus, Parvaspirifer acuminatus, Metaplasia
pyxidata. 1 have examined Dunbar’s Camden collection at Peabody
Museum, Yale University; all of the fossils seen by me came from
the chert facies, and are preserved as external molds and steinkerns.
I made a careful study of only those species which also are present
in the Sallisaw. I did not make an equally careful examination of
the other species, especially those which are quite rare, and therefore
can verify only those species which are closely related to the Okla-
homa shells,

* Bassler (1941, p. 21-27, figs. 1-37) described 27 species of ostracodes from the
Camden Formation.
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The Camden fauna is considerably larger than that of the Salli-
saw, but it is noteworthy that, with the exception of Fimbrispirifer,
all of the Sallisaw genera are represented in the Camden by identical
or closely related species (text-fig. 45). The Sallisaw species,
Protoleptostrophia blainvillei, Schellwienella? sp., Anoplia nucleata,
Chonostrophia complanata?, Amphigenia curta, Hysterolites (A.)
worthenanus?, and Leptocoelia flabellites are believed to be con-
specific with the Camden representatives; the species Eodevonaria
intermedia, Atrypa sp., and Leptaena sp. are similar to, and may well
be conspecific with, Camden species. All of these Camden. species
are from the chert facies, but in the Sallisaw most are present in
both the chert and arenaceous carbonate facies. Only Fimbrispirifer
has not been recognized in the Camden, nor does it appear to be
present in the Clear Creek or Esopus.

Clear Creek Formatrion.— The Clear Creek was named by
Worthen (1866, p. 126-129) for exposures along Clear Creek in
Union County, southwestern Illinois. As originally defined, this
formation included all of the Devonian strata between the Silurian
and the "Oriskany” sandstone (= Dutch Creek Sandstone), and
thus included strata now referred to the Bailey, Grassy Knob, Back-
bone (= Little Saline of Missouri), and Clear Creek Formations.
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Text-figure 45. Chart showing the number of Sallisaw species present in the

Camden Formation of western Tennessee and the Clear Creek Formation of

southern Illinois. That part of the bar marked with a question mark indicates
the number of Sallisaw species which are questionably represented.
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In subsequent publications by Ulrich, Savage, and others, the Clear
Creek was restricted to those strata, mostly bedded cherts, between
the Backbone Limestone and the Dutch Creek Sandstone (Savage,
1908, p. 436-437; 1920, p. 170-171, 174-175). In the northern
area of outcrop, in Jackson and Ugion Counties, the Clear Creek
rests upon the Backbone Limestone, but farther south, in Alexander
County, it rests upon the Grassy Knob Chert (Weller and Ekblaw,
1940, pl. I). Weller (Weller and Ekblaw, 1940, p. 14) described

the Clear Creek Formation as consisting

. . . principally of novaculite chert, although fine-grained very siliceous
limestone in variable amounts is present at many outcrops in northern
Union County. Much of the chert, particularly in northern Union
County, is white, somewhat calcareous, and has the appearance of un-
glazed porcelain. This type of chert, where unweathered, encloses sub-
ordinate amounts of fine-grained siliceous limestone in thin discontinu-
ous beds, nodule-like masses, and slender cyclindrical strands which
penetrate the chert in all directions. Where the limestone has been

TABLE 8.—CAMDEN ARTICULATE BRACHIOPODS
{modified slightly from Dunbar, 1919)

Sallisaw Clear Creek Ilustrationg*
Formation Formation Plate Figure(s}
Rhipidomelloides alsa? (Hall)
Isorthis ¢f. 1. propinqua (Hall)
Leptaena "rhomboidalis” {Wilckens) ? ?
Strophodonta inaequiradiata Hall
Strophodonta cf. S. hemiepherica Hall
Protoleptostirophia blainvillei (Billings) X ? [XIX] [6]
Schellwienella? sp. [Dunbar identified as X X [XIX] [10]
Schuchertella pandora {Billings)]
?Eodevonaria intermedia Amsden [Dunbar X 4 13
identified as E. arcuata (Hall)] [XX]) [10]
Chonetes [?] hudsonicus camdenensis X 4 9
Dunbar I 17
Chonetes [?] fornaculus Dunbar 11 25
Anoplia nucleata (Hall) X X 4 1-8
Chonostrophia complanata? (Hall) [Dunbar X X 4 4,5
identified as C. reversa (Whitfield)] [XX] [18,19]
Costellirostra pecullaris (Conrad) X
Camarotoechia cf. C. sappho (Hall)
Centronella glansfagea (Hall) X
Amphjgenia curta (Meek and Worthen) X X 4 14,15
[XX] [1-7]
Prionothyris condoni {McChesney) X
Atrypa 'reticularig” (Linné) ? ? 4 16
""Spirifer'" nearpassi Weller
"Spirifer" duodenarius (Hall) ?
Paraspirifer acuminatus (Conrad)
Costispirifer unicus Hall
Hysterolites {A.) worthenanus (Schuchert) X X 4 12
Brachyspirifer? hemicyclus {Meek and X 4 10,11
Worthen)
Elytha fimbriata {(Conrad) X
Metaplasia pyxidata (Hall) X
Cyrtina rostrata (Hall)
Meristella lentiformis Clarke
Pentagonia unisuleata {Conrad)
Leptocoelia flabellites? (Conrad) X X 4 8
[XX] [11-14]

*Bracketed references are to illustrations in this report,
Unbracketed references are to illustrations in Dunbar (1919, 1920).
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removed by leaching, the chert has been left as an exceedingly rough,
porous, vesicular mass.

This description accords very well with the appearance of the Clear
Creek outcrops which I have examined in the northern part of
Union County, southern Illinois. One thin section of the Clear Creek
chert shows that the rock is predominantly finely crystalline quartz
with widely scattered, subangular to angular quartz grains up to a
millimeter in diameter.

The Clear Creek fauna was first assigned an Oriskany age
(Worthen, 1866, p. 127; Meek and Worthen, 1868, p. 393-406;
Savage, 1908, p. 436), but later Savage (1920, p. 174) followed
Dunbar (1919, p. 89) and placed this formation in the early part
of the Ulsterian. The present study indicates that the Clear Creek,
the Camden, and the Sallisaw are of late Esopusian age.

Some of the Clear Creek beds are highly fossiliferous, the fossils
being preserved almost entirely as external molds and steinkerns.
In 1868 Meek and Worthen described six brachiopods from the
Clear Creek Formation: Anoplia nucleata (Hall), Leptocoelia
flabellites (Conrad), Hysterolites (A.) engelmanni (Meek and
Worthen) {this name preoccupied and later replaced by H. (A4.)
worthenanus (Schuchert)l, Brachyspirifer? hemicyclus (Meek and
Worthen), Prionothyris condoni (McChesney), and Amphigenia
curta (Meek and Worthen). To my knowledge no other descrip-
tive work has been published on this fauna, although Savage gave
several faunal lists; the list of Clear Creek articulate brachiopods
on table 9 is a slightly modified tabulation of the lists given by
Savage (1908, p. 437; 1920, p. 174). I have examined a number
of specimens from the Clear Creek Formation. The type specimens
of Amphigenia curta, Hysterolites (A.) worthenanus and Brachy-
spirifer? hemicyclus were borrowed from the Illinois Geological
Survey and are illustrated on plate XVII and text-figure 49 of this
report. I have also examined Savage’s Clear Creek collections at
Peabody Museum, Yale University, and a small collection from this
formation at the U. S. National Museum; these include specimens
of Anoplia nucleata, Chonostrophia complanata?, Eodevonaria
intermedia, Schellwienella? sp., Leptocoelia flabellites?, as well as
additional specimens of Amphigenia curta, Hysterolites (A.) worthen-
anus, and Brachyspirifer? bhemicyclus. The Sallisaw brachiopods
have a marked similarity to this fauna with the following species
known to be common to both formations: Amnoplia nucleata,
Chonostrophia complanata?, Eodevonaria intermedia, Schellwienella?
sp., Leptocoelia flabellites?, Hysterolites (A.) worthenanus?, and
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Amphigenia curta (text-fig. 45). The only Sallisaw species not
recognized in the Clear Creek are Atrypa sp., Leptaena sp., Fimbris-
pirifer of. F. divaricatus, and Protoleptostrophia blainvillei, and 1
suspect that the latter may be present. The absence of Fimbrispirifer
in the Esopus, the Camden, and the Clear Creek has already been
discussed. Note the similarity of the Clear Creek brachiopod fauna
to that of the Camden; 15 of the 17 species listed on table 9 are
also present in the Camden. (According to Bassler (1941, p. 22)
the Clear Creek ostracodes are similar to those from the Camden.)

Lsttleton Formation.— The Littleton Formation comprises a
rather thick sequence of slates, sandstones, and volcanics, which crops
out in northwestern New Hampshire. Locally the strata are sparsely
fossiliferous; and a small fauna, mostly brachiopods, has been col-
lected from three localities. Past investigators have generally as-
signed these fossils to the Deerparkian Stage (Oriskany) of the
Lower Devonian, but recently Boucot and Arndt (1960, p. 41, 42,
50) restudied the Littleton fauna and concluded that it is related
to the faunas from the upper part of the Moose River Sandstone of
Maine and from the Camden Formation of western Tennessee. The

TABLE 9. —CLEAR CREEK ARTICULATE BRACHIOFODS
(modified from Savage, 1908, 1920)

Sallisaw Camden Mlustrations*
Formation Formation Flate Figure(s)
Rhipidomelloides cf. R. musculosus (Hall}
Anoplia nucleata (Hall) X X XX 9
Chonostrophia complanata? (Hall) [Savage X X
identified as C, reversa (Whitfield)]
Eodevonaria intermedia Amaden, new X ?

species [Savage identified as E.
arcuata (Hall)]

? Protoleptostrophia blainvillei (Billings) X X
[Savage identified as Leptostrophia
perplana (Conrad); Dunbar (1919, p. 86)
stated that a species closely related to
P. blainvillei is present in the Clear
Creek]

Schellwienella? sp. [Savage identified as X
Schuchertella pandora (Billings)]

XIX 7-9

Costellirostra peculiaris (Conrad)

Leptocoelia flabellites? (Conrad) XX 15-117

]

Hysterolites (A.) worthenanus {Schuchert) XVII 13-21

Hysterolites (A.) macrothyris {Hall)

Brachyspirifer ? hemicyclus {Meek and
Worthen)

"Spirifer” ducdenarius (Hall)

Metaplasia pyxidata {Hall)

Elytha fimbriata {Conrad)

Amphigenia curta (Meek and Worthen) X XVII 1-7

Centronella glansfagea {Hall)

Prionothyris condoni {McChesney)

? Atrypa "reticularis” (Linnd)¥*

Chonetes [?] hudsonicus camdenensis
Dunbar#*

L] I B R e B B S S B P -

? Leptaena ''rhomboidalis' (Wilckens)#

*References are to illustrations in this report.
#*Recorded bv Dunbar (1919. ». 86-87) from the Camden Formation.
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fossils are distorted by metamorphism so that precise specific identi-
tication is, for the most part, not possible. Boucot and Arndt (1960,
p- 47-50, pl. 1-3) described the following twelve articulate brachio-
pods:

Rhipidomelloides musculosus solaris

Costellirostra sp.

Atrypa “reticularis”

Euryspirifer cf. E. atlanticus

Brachyspirifer cf. B. perimele

Protoleptostrophia cf. P. blainvilles

Schuchertella? sp.

Leptaena “rbomboidalis”

“Chonetes” cf. “C.” nectus

Eodevonaria cf. E. arcuata

Amphigenia cf. A. parva

Prionothyris? sp.

The poor state of preservation of this fauna makes a detailed
comparison difficult, but it would certainly seem to be related to
the Camden (table 8). Almost all of the Littleton genera are rep-
resented in the Camden by similar or closely related species. These
genera are Protoleptostrophia, Costellirostra, Atrypa, Rbipidomel-
loides, Leptaena, Eodevonaria, Amphigenia, and Prionothyris;
“Chonetes” fornaculus Dunbar is a small, coarse-ribbed chonetid
similar to “C.” cf. “C.” mectns Clarke; the genus Brachyspirifer is
probably represented in the Camden by B.? hemicyclus (Meek and
Worthen). The shell identified by Boucot and Arndt as Schucher-
tella? sp. is not well enough preserved to be compared to Schell-
wienella? sp. The only genus which has not been recognized in the
Camden is Enryspirifer, and a detailed restudy of the complete Cam-
den fauna might reveal its presence.

This fauna also shows some affinities with the Sallisaw and
Clear Creek (tables 7a, 9). Three of the Littleton genera, Proto-
leptostrophia, Eodevonaria, and Amphigenia, would seem to be
represented in the Sallisaw and Clear Creek faunas by similar species.

Summary. — The Sallisaw Formation is assigned to the latter
part of the Esopusian Stage and is thus of late Early Devonian age.
Its fauna is closely related to the Clear Creek fauna of southern
Illinots and the Camden fauna of western Tennessee, and a recent
study of Boucot and Arndt (1960) showed that the Littleton Fort-
mation of New Hampshire and the upper Moose River Sandstone
of Maine have similar faunas. Several other formations in the cen-
tral part of the United States have been correlated with the Sallisaw,
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the Clear Creek, and the Camden, but the faunal evidence support-
ing these relationships is meager. The lower division of the Arkan-
sas novaculite commonly is correlated with these formations (Miser,
1944, p. 134; Hass, 1951, p. 2526, 2529; Ham, 1961, p. 207),
the evidence for this being based on stratigraphic position and litho-
logic similarity as no diagnostic fossils have been found in this lower
part of the formation (Hass, 1951, p. 2534). Such a correlation
is, at best, only tentative because as Dunbar noted some years ago
(1919, p. 82) this type of rock occurs at several different horizons
in the central part of the United States. The Pinetop Formation of
southwestern Oklahoma also has been correlated with the Camden,
Sallisaw, and lower part of the Arkansas Novaculite. Some of the
limestone beds are sparsely fossiliferous, and W. E. Ham and I
have collected a few fragmentary fossils from the Pinetop; but to
my knowledge no diagnostic fossils have been found, or at least
no descriptions or faunal lists have been published. The Penters
Chert of north-central Arkansas has generally been considered to
be of the same age as the lower division of the Arkansas Novaculite
(Miser, 1944), and in 1946 Kinney (p. 613-614) reported a small
fauna from a thin limestone at its base; G. A. Cooper of the U. S.
National Museum identified the following fossils in this fauna:
“Ambocoelia” sp., Leptocoelia flabellites (similar to the Camden
specimens assigned to this species), Rbipidomella sp., Platyceras sp:,
Strophostylus sp., and Phacops cristata (Hall).

The Onondaga Formation of New York was recently studied
by Oliver (1954, 1956). He divided the formation into a number
of members, each with several faunal zones, and he gave extended
faunal lists for the various members and zones. In 1961 Oliver re-
moved his zone B from the lowermost member of the Onondaga
(Edgecliff Member), tentatively assigned it a late Early Devonian
age, and correlated it with the Bois Blanc Formation of Michigan.
The Bois Blanc Formation was named by Landes, Ehlers, and Stanley
(1945, p. 80-109) for exposures on Bois Blanc Island, near Macki-
nac Island, northern Michigan, and it consists of a sequence of lime-
stones, dolomites, and cherts having a thickness of 111 to 150 feet
(Stumm, Kellum, and Wright, 1956, p. 4). These authors (Landes
and others, 1945, p. 107) listed the Bois Blanc fossils (some are
also illustrated ), including a number of corals*, some trilobites, and
the following brachiopods: Amphigenia elongata (Vanuxem),

* Both the Bois Blanc Formation and Oliver's zone B include a substantial number
of corals in contrast to the Camden, Clear Creek, and Sallisaw Formations in which
corals are uncommon or few.
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Centronella glansfagea (Hall), Chonetes hemisphericus Hall,
Costispirifer umicus (Hall), Cymostrophia patersoni (Hall), Proto-
leprostrophia perplana (Conrad), Fimbrispirifer divaricatus (Hall),
Pentamerella arata (Conrad), Strophonells ampla (Hall), “Spirifer”
dunodenarius (Hall), “S.” marcus Hall, and “S.” varicosus Hall. A
few of these brachiopods have also been reported from the Camden
and the Clear Creek, although it should be noted thar most of the
common Camden-Clear Creek species such as Anoplia nucleata,
Eodevonaria intermedia, Schellwienells? sp., Chonostrophia com-
planata?, and Brachyspirifer? hemicyclus are not recorded from the
Bois Blanc. The Bois Blanc species of Amphigenia does not appear
to be conspecific with A. curta from the Camden, the Clear Creek,
and the Sallisaw (compare pl. X1, figs. 5, 6 of Landes, Ehlers, and
Stanley, 1945, with pl. X1V, figs. 11-21, pl. X\VII, figs. 1-7, pl. XX,
figs. 1-7 of this report). With the exception of the genus Fimbris-
pirifer, the Bois Blanc brachiopods show little in common with those
of the Sallisaw; the specimens of Fimbrispirifer divaricatns (Hall)
illustrated by Landes, Ehlers, and Stanley (1945, pl. XI, figs. 3, 4)
have some resemblance to the Sallisaw representatives of Fimbris-
pirifer (compare with pl. XVIII, figs. 2-11 of this report). Some of
the brachiopod elements which Oliver records from his zone B, or
Ampbhigenia zone, are also suggestive of the Camden, Clear Creek,
and Sallisaw faunas, but a detailed study is needed to clarify this
relationship.,
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BRACHIOPOD DESCRIPTIONS

Eleven Sallisaw brachiopod species representing eleven genera
and six superfamilies are described herein. A complete list of these
species, with numbers of specimens and geographic distribution, is
given in tables 7A and 7B and they are illustrated on plates XIII
to XX. Almost all of the brachiopods described in this report were
collected by me from outcrops in the Marble City area, Sequoyah
County (text-fig. 3). A few specimens collected by H. E. Christian
were also used. The stratigraphic and geographic distribution of
each species is given in the section on distribution which concludes
each description and the method of presenting this information is
discussed in part I of this report (p. 60). The stratigraphic sections
from which the fossils were collected have been described in my
1961 report (appendix) and therefore only a brief geographic loca-
tion is given below. The locations are also shown on the map,
text-figure 3.

S1 — Big bend of Sallisaw Creek; SW14 SW14 SWi4 sec. 13,
T. 13 N, R. 23 E. (Amsden, 1961, p. 90-92, pl. I).

S3 — Northeast of St. Clair Lime Company quarry; NWl4
NEL4 NW14 sec. 13, T. 13 N, R. 23 E. (Amsden, 1961, p. 93-94,
pl. I).

S4 — Walkingstick Hollow; SW14 SW14 SW14 sec. 1, T. 13
N., R. 23 E. (Amsden, 1961, p. 94-96, pl. I).

S5 — South of St. Clair Lime Company quarry; SW14 NEV4
SEV4 sec. 14, T. 13 N, R. 23 E. (Amsden, 1961, p. 96-98, pl. I).

S8 — Payne Hollow; NW14 SW14 NEV; sec. 22, T. 13 N.,,
R. 23 E. (Amsden, 1961, p. 101-102, pl. T).

S9 — Payne Hollow; NEV4 NW14 NEV; sec. 22, T. 13 N,
R. 23 E. (Amsden, 1961, p. 102-104, pl. I).

$10 — Payne Hollow; SW14 SEV4 SEV4 sec. 15, T. 13 N, R.
23 E. (Amsden, 1961, p. 104-106; pl. I).

S11 — Payne Hollow; NW14 SW14 SEV4 sec. 15, T. 13 N,
R. 23 E. (Amsden, 1961, p. 106-107, pl. I).

$13 — St. Clair Lime Company mine; NEV4 SEV4 sec. 14, T.
13 N, R. 23 E. (Amsden, 1961, p. 108, pl. I).

S14 — Payne Hollow; NW14 SW14 SEV4 sec. 15, T. 13 N,
R. 23 E. (Amsden, 1961, p. 108-110, pl. I).
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Superfamily STROPHOMENACEA

GENUS Protoleptostrophia CASTER, 1939
(emended Williams, 1953)

Protoleprostrophia blainvillei (Billings), 1874
Plate XIX, figures 1-6

Stropbomena blainvillei Billings, 1874, p. 28-29, pl. 2, figs. 1a, 1b, pl. 3, fig. 1.
Protoleptostrophia blainvills {sicl (Billings). Williams, 1953, p. 41, pl. 9,

figs. 14-15.

Description. — Protoleptostrophia blainvillei is present in both
the vitreous chert and the arenaceous carbonate facies of the Sallisaw
Formation. In the latter facies it is represented by several fairly com-
plete valves. The shell has a subelliptical to subquadrate outline and
a width greater than its length (length/width ratio averages 0.82).
Its hinge line is straight and fairly long; from the cardinal extremi-
ties forward the shell is broadly rounded. It has a plano-convex
lateral profile, the pedicle valve having a gentle and uniform con-
vexity. The pedicle beak is small. The ornamentation consists of
fine, rounded costellae separated by nartow interspaces, and 17 to
21 costellae occupy a space of 5 mm.

Some of the Sallisaw specimens are fairly large, one fragmentary
pedicle valve being almost 50 mm wide. The measurements of five
reasonably complete pedicle valves are given below:

Length Width Length/Width Costellae

mm mm ratio per 5 mm
27 34 0.80 17
30 36 0.83 19
31 38 0.82 -
35 40 0.88 21
38 47 0.81 18
e _ 17
18

The pedicle muscle scar is large, fan-shaped, and divided into
two parts by a median septum (pl. XIX, figs. 3, 6). In the dorsal
valve the two lobes of the cardinal process are disjunct and are
directed posteroventrally (pl. XIX, figs. 1, 2). A stout septum
extends forward from the base of the cardinal process. The brachijal
adductor muscle scars are bordered on their outer edges by heavy
ridges (pl. XIX, fig. 2). The hinge line is denticulate.
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Discussion. — The genus Protoleptostrophia was named by
Caster; the type species is Strophomena blainvillei Billings from the
Gaspé Sandstone of Quebec. In 1953 Williams (p. 41, pl. 9, figs.
14, 15) emended Caster’s generic diagnosis and reillustrated the
internal characters of P. blainvillei. 1 have recently examined the
U. S. National Museum collections of this species from the Gaspé
Sandstone near Gaspé, Quebec, which include a number of well-
preserved specimens showing the external and internal features. The
Sallisaw specimens are similar in size, outline, and lateral profile
to those from the Gaspé Sandstone. The ornamentation is also
similar, the costellae of the Gaspé shells being rounded and sep-
arated by narrow interspaces; three of the Gaspé specimens have
rib counts of 17, 18, and 20 per 5 mm. The brachial interiors of
the Canada shells seem to be identical with those of the Sallisaw.
The only possible difference is in the nature of the pedicle scar;
in the Gaspé shells the fan-shaped muscle scar may be slightly more
flared than it is in the Oklahoma specimens.

I have also examined specimens identified as P, perplana (Con-
rad) in the Middle Devonian (Hamilton) collections of the U. S.
National Museum. Internally and externally these shells are much
like P. blainvillei, but they are are distinguishable on the basis of
the costellation. The number of ribs occupying a space of 5 mm
is approximately the same on the Hamilton shells as it is on the
Gaspé-Sallisaw shells; however, in P. perplana the ribs are narrow
with sharp, irregular crests and are separated from one another by
relatively broad, U-shaped interspaces, whereas in P. blainvillei the
ribs have rounded crests and are separated by narrow interspaces.

The Camden Chert of western Tennessee has a protoleptostro-
phid brachiopod which is probably conspecific with P. blainvilles;
a pedicle interior of a Camden specimen is illustrated on plate XIX,
figure 6. According to Dunbar (1919, p. 86) a closely related
species is present in the Clear Creek Chert.

Figured specimens. — Frisco Formation, localities S10 and S14-
C; numbers OU 4406-4408, 4385. Camden Formtaion, near Cam-
den, Tenn.; YPM 22412.

Distribution. — Billings’ specimens came from the Gaspé Sand-
stone, Quebec. My Sallisaw collections include about 16 free valves,
three being from the vitreous chert facies and 13 from the arenaceous
carbonate facies (pedicle/brachial ratio 7.0). These are from lo-
calities §14-C and S10.
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GENUS Leptaena DALMAN, 1828

Leptaena sp.

Discussion.— 1 have four fragmentary free valves from the
arenaceous carbonate facies of the Sallisaw which are complete
enough to identify generically but not well enough preserved to
justify a specific assignment. The largest has a length of about 30
mm and a width of about 50 mm.

The Camden Chert collections at Peabody Museum, Yale Uni-
versity, include a few reasonably well-preserved pedicle valves which
are similar to Leptaena ventricosa (Hall) from the Oriskany Sand-
stone and the Frisco Formation. The Sallisaw shells mentioned
above are similar in size and outline to these Camden specimens,
but their poor preservation prevents a more exact comparison.

Distribution. — Three pedicle valves and one brachial valve
from the arenaceous carbonate facies of the Sallisaw Formation at
locality S10-D.

Superfamily CHONETACEA
GENUS Eodevonaria BREGER, 1906

Eodevonaria intermediz Amsden, new species
Plate X1II, figures 1-15; text-figure 46

Description. — The shells of Eodevonaria insermedia have a con-
cavo-convex lateral profile. The pedicle valve is deeply convex
(text-fig. 46) and its curvature is rather closely paralleled by the
brachial, thus producing a shallow living chamber. The pedicle
palintrope is well developed, ranging from anacline to almost ortho-
cline. Spines extend out from the pedicle hinge area as shown in
plate XIII, figure 5, although their precise number and arrangement
is not known as they are not preserved on most specimens. In out-
line the shells are transverse with the width consistently greater
than the length. The hinge line is straight and the cardinal extremi-
ties of unbroken shells ate extended into small “ears” (pl. XIII,
figs. 4, 7, 14). The pedicle valve is unjformly convex except near
the posterolateral margins where the shell is deflected outward, ex-
tending into the “ears.” Both valves bear low, rounded costellae,
which are separated by narrow interspaces (pl. XIII, figs. 4, 11),
and 10 to 13 costellae occupy a space of 5 mm. The costellae in-
crease in number by intercalation and bifurcation so that the spacing
remains more or less uniform from front to back.
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This species has a moderately large shell for a chonetid brachio-
pod. The measurements of six nearly complete pedicle valves are
given below:

Length Width Length/Width Costellae
mm mm ratio per 5 mm
16.5 21.8 0.75 13
17.7 21.8 0.81 12
18.1 19.3 0.94 11
185 249 0.75 13
18.6 250 0.75 10
19.9 23.3 0.85 12

In the pedicle interior a low median septum extends from the
delthyrial cavity forward for about a third the length of the valve,
and elongate, shallow muscle scars are on each side of this septum
(pl. XIII, figs. 12, 15). The delthyrium is open on all of the speci-
mens in my collection, and any plate or plates that originally may
have been present have been lost. The brachial valve has a bilobed
cardinal process which is directed posteriorly. From the base of this
process three ridges extend forward, the one in the center making a
septum that extends for almost the length of the valve and becomes
moderately high near its front end. The outer ridges are much
shorter and define an elevated area to which the adductor muscles
presumably were attached (pl. XIII, figs. 1, 7). The hinge lines of
both valves are crenulate, the denticulations reaching almost to the

outer margins. )

Text-figure 46. Eodevonaria intermedia Amsden, new
species. Profile drawings, x1. Sallisaw Formation, Se-
quoyah County.

Discussion, — The genus Eodevonaria was proposed by Breger
(1906, p. 534-536) to encompass a group of Lower and Middle
Devonian chonetids with denticulate hinge lines. Breger included
six American and European species but did not designate a type. In
1929 Schuchert and LeVene (p. 57) selected Chonetes arcuatus
Hall as the type species. Breger cited three North American species:
Chonetes arcuatus Hall (1857, p. 116) and Strophomena acutiradi-
ata Hall (1843, p. 171, fig. 3) from the Onondaga Limestone of
New York (see below), and Chonetes melonicus Billings (1874,
p. 15, fig. 6; Clarke, 1908, p. 206-207, pl. 46, figs. 1-4) from the
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Gaspé Limestone (= Grande Gréve Limestone), Gaspé Peninsula.
In 1908 Clarke added three other species: Chonetes antiopa Billings
from the Grande Gréve Limestone, Chonetes hudsonicus Clarke
from the Oriskany Sandstone, and Chonetes hudsonicus gaspensis
Clarke (1908, p. 240, pl. 45, figs. 6-15) from the Gaspé Sandstone.
The first two species seem to be incorrectly placed in Eodevonaria
as they lack a crenulate hinge line (Clarke, 1908, p. 208, 239),
but E. gaspensis appears to be a typical representative of Eodevonaria.
Both E. gaspensis and E. melonica differ considerably from the Salli-
saw shells. The first-mentioned species has a smaller shell with
much flatter convexity, whereas E. melonica is smaller and appears
to have finer ribbing. The Oklahoma specimens are most similar to
E. arcuata (Hall) and E. acutiradiata (Hall); and in order to make
a more precise comparison, I borrowed Hall’s figured specimens from
the American Museum of Natural History (Hall, 1867, pl. 20, figs.
5a-5c, figs. 7a-7f). Both species were described much earlier (1843
and 1857), and it is not certain that the specimens borrowed are
the same as those upon which the original description was based.
The types of E. arcuata came from two different localities; six speci-
mens are from the “Upper Helderberg limestone, Williamsville,
N. Y.,” and two specimens are from the “Upper Helderberg lime-
stone, Clarence Hollow, N. Y.” These include all of the specimens
illustrated by Hall (1867) on plate 20, figures 7a-7f, and refigured
on plate XV of this report. The types of E. acutiradiata are on a
single slab, which has several specimens including those figured by
Hall (1867) on plate 20, figures 5a-Sc, and reillustrated on plate
XV of this report. These specimens are from the “Upper Helder-
berg limestone, East Buffalo, N. Y.” One additional specimen from
Williamsville, N. Y. (pl. XV, figs. 3, 4) was included with the
types, although it was not illustrated by Hall in 1867.* The type
specimens of E. arcuyata are morphologically distinct from E. acutira-
diata, although a larger collection might show a gradation between
them. However, on the basis of Hall’s specimens, E. arcuats may be
distinguished from E. acutiradiata by its more deeply convex pedicle
valve and more prominently arched umbo; it is also more finely
costellate, having 16 to 18 costellae per 5 mm as compared with a
spacing of 12 to 13 on E. acutiradiata. All of the specimens of

E. arcuata have at least a slight depression along the midline of the

* All of Hall's figured specimens are presumed to be from the Onondaga Limestone,
although it should be noted that Oliver (1956, p. 1469, table 6) does not record
any species of Eodevonaria from this formation. I saw no specimens of Eodevonaria
in the Onondaga collections at the U. S. National Museum, nor at Peabody Museum,
Yale University. See also Cooper (1944a, p. 347).
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pedicle valve, and on some this develops into 2 distinct sulcus. Only
one specimen of E. acutiradiata shows a faint pedicle sulcus (pl. XV,
fig. 2). The collection from Clarence Hollow includes one pedicle
steinkern which shows some of the internal characters of that valve
(pl. XV, figs. 8, 9, 16); the type specimens furnish no further
information on the pedicle interior of E. acutiradiata or on the
brachial interiors of either species.

The Sallisaw shells are similar to the Onondaga specimens in
size, outline, and, in so far as can be determined, in internal charac-
ters. The spacing of the costellae is similar to that of E. acutiradiata,
but the Oklahoma shells have a much more strongly convex pedicle
valve and a more swollen umbo. In their deep convexity the Salli-
saw specimens are like E. arcuata, but the latter has considerably
finer costellation. None of my specimens shows any trace of 2
pedicle sulcus.

I have examined the collections of Eodevonaria from the Clear
Creek Formation of southwestern Illinois at the U. S. National
Museum and at Peabody Museum, Yale University. These shells are
remarkably similar to those from the Sallisaw in internal and ex-
ternal features; the length/width ratio ranges from 0.70 to 0.72
(the average ratio of Sallisaw specimens is 0.80), and the costellae
spacing ranges from 11 to 14 in a space of 5 mm (compared to an
average of 11 for the Sallisaw specimens). I have also examined a
number of specimens from the Camden Chert of western Tennessee.
Most are similar to those from the Sallisaw, but there are a few
Camden shells with finer costellation (as many as 18 ribs per 5
mm; see pl. XX, fig. 10), and some have a pedicle sulcus. The
pedicle interiors of the Tennessee and Oklahoma shells appear to
be the same; I have not observed the brachial interiors of the Cam-
den specimens.

Eodevonaria intermedia appears to be similar to the specimens of
Eodevonaria cf. E. arcuata illustrated by Boucot (1959b, p. 756, pl.
97, figs. 11-16) from the Woodbury Creek Member of the Esopus
Formation, Orange County, New York.

Figured specimens. — Sallisaw Formation locality S10; numbers
OU 4352-4360. Hall’s figured specimens of Eodevonaria acutiradiata
and E. arcuata from the Onondaga Limestone of New York are
reillustrated on plate XV; American Museum of Natural History,
numbers 3046/ 1, 3049/1, and 3049/2. A specimen from the Cam-
den Formation, Camden, Tennessee, is illustrated on plate XX, fig-
ure 10; YPM 22428,

Distribution. — 1 have about 40 specimens from the arenaceous
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carbonate facies and the vitreous chert facies; some of the specimens

from the chert facies are remarkably well preserved. Localities S8,
510, S13, S14.

This species is present in the Clear Creek Formation of Illinois.
It may also be present in the Camden Formation of western Tennes-
see and in the Woodbury Creek Member of the Esopus Formation,
New Jersey.

GENUS Chonostrophia HALL AND CLARKE, 1892

Chonostrophia complanata? (Hall), 1857
Plate X1V, figures 22-25; plate X VI, figure 16; plate XX, figures 18, 19

Chonetes complanata Hall, 1857, p. 56; Hall, 1859, p. 418, pl. 93, figs. 1a-1d.
Chonostrophia complanata (Hall). Hall and Clarke, 1892, p. 311, pl 16,

figs. 13, 29,

Description. — I have only a few specimens of this species from
the vitreous chert facies of the Sallisaw Formation, but their preserva-
tion is quite good. The shells are transverse with a length/width
ratio ranging from 0.6 to 0.7. The pedicle valve is weakly convex
around the beak, but just in front of the umbo the curvature is
reversed and the shell becomes moderately concave. Spines were
originally present along the hinge but these are broken on all my
specimens, leaving only the basal attachment scar; the specimen illus-
trated on plate XIV, figure 22 appears to have had three spines
on each side, inclined away from the beak. The ornamentation con-
sists of delicate costellae; on our specimens the costellae appear to
be partly exfoliated, although enough of the original ornamentation
remains to show that the ribs were uniform in size with a spacing
of about 20 to 25 per 5 mm (pl. XIV, figs. 22, 23, 25).

The largest specimen has a length of about 7 mm; measure-
ments of three neatly complete shells are given below:

Length Width Length/Width
mm mm ratio
6 9 0.6
6.5 10 0.6
7 10 0.7

The pedicle interior is illustrated on plate XIV, figure 24; the
interior of a pedicle valve from the Camden Formation of Tennessee
is lustrated on plate XX, figure 19. No brachial valves were ob-
served.

Discussion. — In so far as can be determined, the Sallisaw shells
are similar to representatives of this species from the Oriskany Sand-
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stone and the Frisco Formation (pl. I, figs. 11-15); the Sallisaw-
Frisco-Oriskany shells are alike in size, length/width ratio, profile,
and ornamentation. I, however, make this identification question-
able because of the small number of Sallisaw specimens available
and because of their partly exfoliated exteriors, although in all prob-
ability they are conspecific with the Oriskany-Frisco specimens. A

more extended discussion of C. complanata (Hall) is given in part
I of this bulletin.

The Sallisaw specimens appear to be conspecific with shells from
the Camden Formation of western Tennessee.* Dunbar (1919, p.
86) assigned the Camden specimens to Chonostrophia reversa
(Whitfield, 1882, p. 213; 1891, p. 549, pl. 11, figs. 8, 9; Hall and
Clarke, 1892, p. 311, pl. 15B, figs. 15-19), a species based upon
specimens from the “thin-bedded bituminous limestone from above
the Bonebed at Smith and Price’s quarries, near Columbus, Ohio”
[?Columbus Limestone}. I have not had an opportunity to examine
any Ohio specimens; but according to Whitfield, Hall and Clarke,
and Boucot (1959b, p. 757), this species is characterized by an
alternating type of costellation, the larger costellae being separated
from one another by several smaller ribs. None of the Camden or
Sallisaw specimens observed by me has this type of ribbing.

According to Dunbar (1919, p. 86) the Camden species, which
he identified as C. reversa, is also present in the Clear Creek Chert. I
observed only one Clear Creek specimen of Chomostrophia in the
Peabody Museum collections at Yale and this has uniform costella-
tion like that of the Camden and Sallisaw shells.

Figured specimens. — Sallisaw Formation, locality S10; num-
bers QU 4364, 4384, 4385. Camden Formation, 12 mile north of
Camden, Tennessee; YPM 22429,

Distribution. — Hall based his description of this species upon
specimens from the Oriskany Sandstone of New York. It is also
present in the Frisco Formation of Sequoyah County, Oklahoma;
additional information on distribution is given in part I under
Chonostrophia complanata.

Three free pedicle valves are in the Sallisaw collections; all are
from the vitreous chert facies at locality S10.

* The Camden Chert collections at Peabody Museum, Yale University, include a
great many specimens of this species; their preservation is excellent, but the collec-
tion consists almost entirely of free pedicle valves. Several Camden specimens are
illustrated on plate XX, figures 18, 19.
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GENUS Anoplia HALL AND CLARKE, 1892

Anoplia nucleata (Hall), 1857
Plate XIII, figures 16-24; text-figure 25

Leptaena nucleata Hall, 1857, p. 47; Hall, 1859, p. 419, pl. 94, figs. 1a-1d.

Anoplia nucleata (Hall). Hall and Clarke, 1892, p. 309, pl. 15a, figs. 17, 18,
pl. 20, figs. 14-17; Clarke, 1900, p. 51, pl. 7, fig. 14; Schuchert and
Maynard, 1913, p. 340, pl. 61, figs. 22-24; Dunbar, 1919, p. 86, pl. 4,
figs. 1-3; Cooper, 1944a, p. 347, pl. 135, figs. 17-20; Boucot, 1959b, p.
758, pl. 97, figs. 3-5.

Anoplia nucleata (Hall). Amsden and Ventress, part I, this report, pl. I,

figs. 1-4; pl. X, figs. 13-16; pl. X1, fig. 20, text-fig, 25.

Description. — Anoplia nucleata is represented by about two
dozen free valves from the vitreous chert facies of the Sallisaw Fot-
mation (pedicle/brachial ratio 7.0). All of the Sallisaw specimens
have small, transverse shells, the length/width ratio ranging from
0.7 t0 0.8 (see below and part I, text-fig. 25). The lateral profile is
concavo-convex with fairly uniform curvature from back to front;
the curvature is similar to that of the Frisco specimens (see part I,
text-fig. 26). The hinge line is straight and generally marks the
point of greatest width. The surface is smooth except for concentric
growth lines.

The largest Sallisaw specimen which I have observed has a
length of about 3.5 mm. Measurements of five nearly complete
pedicle valves are given below:

Length Width Length/Width
mm mm Ratio
3 4 0.7
3 3.5 0.8
3.5 4 0.8
3.5 4.5 0.7
3.5 4.5 0.7

The pedicle and brachial interiors appear to be typical for this
species; compare the Sallisaw specimens illustrated on plate XIII,
tigures 16-20, 22, with the Glenerie specimens shown on plate X,
figures 14, 16. |

Discussion. — Anoplia nucleata (Hall) has been widely re-
ported from Deerparkian and Esopusian strata in various parts of
the eastern and central United States and in eastern Canada. Hall’s
original description was based upon specimens from the Oriskany
Sandstone, Albany County, New York. Subsequent investigators
have found it in the following Deerparkian formations: Glenerie
Limestone of New York, Grande Gréve Limestone of Quebec, Little
Saline Limestone of Missouri, Harriman Formation of Tennessee,



ANOPLIA NUCLEATA 173

and Frisco Limestone of Oklahoma. It has also been reported from
the following Esopusian formations: Esopus Formation of New
York, Camden Chert of Tennessee, Clear Creek Chert of Illinois,
and Sallisaw Formation of Oklahoma. It is always difficult to place
precise morphologic limits on small, smooth shells of this type,
especially because they are so commonly preserved as internal stein-
kerns and external molds (all of the Sallisaw specimens are pre-
served in this way). Nevertheless, a marked resemblance can be
demonstrated for most of the representatives of A. mucleata from
these different formations. I have examnied specimens from the
Glenerie Limestone, Camden Chert, Clear Creek Chert, Frisco For-
mation, and Sallisaw Formation; except for size, they do not show
much morphologic variation. The Glenerie shells are distinctly
larger, with pedicle valves 6 to 7 mm long not uncommon (part I),
whereas few specimens from these other formations exceed 5 mm
in length. The Glenerie shells are also slightly more elongate, with
a length/width ratio ranging from 0.7 to 1.0, in contrast to a range
of 0.5 to 0.8 for the Frisco-Sallisaw shells (part I, text-fig. 25) and
0.7 to 0.9 for the Camden-Clear Creek specimens. The length/width
ratios of these shells overlap substantially, and neither the size nor
the length/width ratios seem to furnish a satisfactory basis for a
morphologic separation. In all other respects, including internal
characters, the specimens of A. nucleata examined by me are similar
and are probably conspecific.

A. nucleata is common in the Camden Formation of western
Tennessee, and I have examined the large collections of C. O. Dunbar
at Peabody Museum, Yale University. These are like the Sallisaw
specimens in all respects, including size; the measurements of four
reasonably complete pedicle valves from the Camden are given be-
low:

Length Width I.ength/.Width
mm mm ratio
3 4 0.7
4 4.5 0.9
4 4.5 0.9
4 5 0.8

I have also examined specimens of A. nucleata from the Clear
Creck Chert of Illinois at Peabody Museum, Yale University (pl.
XX, fig. 9). These specimens, like those from the Camden and
Sallisaw Formations, are presetved in chert as internal and external
molds. The Clear Creek shells show no significant difference from
the Camden or Sallisaw shells; the measurements of three pedicle
valves are given below:
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Length Width Length/Width
mm mm ratio
4 5 0.8
4 5 0.8
4.5 5.5 0.8

Additional information on Anoplia nucleata is given in part I
of this report.

Figured specimens. — Sallisaw Formation, locality $S10; num-
bers OU 4358, 4361-4364, 4385; Clear Creek Formation, Union
Co., Illinois; YPM 22421.

Distribution. — Hall’s description of this species was based upon
specimens from the Oriskany Sandstone of New York. The Sallisaw
collections under study include about 24 free valves, all from the
vitreous chert facies, localities S8 and S10. This species has also
been widely reported from Deerparkian, Esopusian, and Onesquetha-
wan strata in the United States.

A. nucleata is present in the Frisco Formation of the Arbuckle
Mountains region and Sequoyah County, Oklahoma; see part I for
additional information on distribution.

Superfamily ORTHOTETACEA

GENUS Schellwienells THOMAS, 1910

Schellwienella? sp.
Plate XIX, figures 7-16; text-figure 47

Description. — This species has a transverse shell, the length/
width ratio ranging from 0.5 to 0.8. It has a straight hinge line with
rounded cardinal extremities; the anterior part of the shell is broadly
rounded. In lateral profile it ranges from convexo-plane to convexo-
concave; on small shells the brachial valve is moderately convex and
the pedicle is weakly convex to flat, but with increased size the
brachial deepens considerably and the pedicle generally becomes
slightly concave (textfig. 47). The pedicle palintrope is broad,
apsacline; a strongly arched pseudodeltidium closes the delthyrium
(pl. XIX, fig. 15). Larger brachial valves have a narrow, anacline
palintrope. Both valves have narrow, angular costellae which are
separated by broad, U-shaped interspaces. Well-preserved specimens
have concentric filae crossing the ribs and interspaces. The number
of costellae increases by bifurcation and implantation; at a distance
of 15 to 20 mm in front of the beak there are 7 to 10 ribs in a
space of 5 mm.
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Mature specimens of this species are fairly large. One fragmen-
tary pedicle valve from the arenaceous carbonate facies is at least
65 mm wide. The dimensions of 5 smaller valves are given below:

Length Widch Costellae

mm mm per 5 mm
pedicle valves

18 24 (est.) 9

24 30 (est.) 7

30 (est.) 35 8
brachial valves

25 (est.) 50 (est.) 7

45 (est.) 60

This species has well-developed dental plates and a broad muscle
area; none of the Sallisaw specimens shows the detail of the pedicle
muscle area. No satisfactory brachial interiors are in the Sallisaw
collections. Pedicle and brachial interiors from the Clear Creek
Formation are illustrated on plate XIX, figures 7, 8.

Discussion. — The reference of the Sallisaw specimens to Schell-
wienella is questionable, as I have no detailed information on the
internal structures of this species. Schellwienelia was proposed by
Thomas (1910, p. 92) with Spérifer crenistria Phillips designated as
the genotype. He gave only a brief diagnosis, the principal characters
noted being a resupinate profile and dental lamellae. Boucot (1959b,
p. 753) stated that Schellwienella possessed dental plates, but that
these “occur laterally to the hinge-teeth.” I have been using the
name Schellwienella sensu lato (Amsden 1958, p. 90-92; 1959,
p. 75-77) to distinguish the Early Devonian orthotetids with dental
lamellae from those which lack such plates (the latter referred to
Schuchertella), and will continue this practice in the present report,
although further study of this group will undoubtedly show the
need for some taxonomic revision.

The Sallisaw specimens are similar in size, outline, profile, and
ornamentation to shells from the Camden and Clear Creek Forma-
tions. Measurements of three nearly complete pedicle valves are
given below:

Length Width Costellae
mm mm per 5 mm*
Camden Formation
15 18 10
15 19 9
Clear Creek Formation
25 40 (est.) 9

* Approximately 5 mm in front of beak

External and internal views of several Camden and Clear Creek
specimens are shown on plate XIX, figures 7-10.
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Schellwienella? sp. resembles the shells of Schuchertella sp. “A”
described by Boucot (1959b, p. 752, pl. 96, figs. 3, 4, 6,7, 9, 11)
from the Highland Mills and Woodbury Creek Members of the
Esopus Formation, New York. The Esopus shells also have well-
developed dental plates.

This species is similar to Schellwienella marcidula Amsden
(1958a, p. 90-92, pl. 5, figs. 3-9, pl. 13, fig. 25; 1958b, p. 66-67,
pl 2, figs. 16, 17) from the Haragan and Bois d’Arc Formations,
although the Sallisaw shells appear to be somewhat more transverse.
The spacing of the costellae is about the same on the two species,
but the Sallisaw specimens have narrow, angular costellae with rela-
tively broad interspaces, whereas in S. marcidula the ribs are thicker
and the interspaces are proportionally narrower.

Figured specimens. — Sallisaw Formation near localities S8 and
S9; numbers OU 4362, 4409, YPM 22417, YPM 22418. Clear
Creek Formation, Union Co., Illinois; numbers YPM 22413-22415.
Camden Formation, near Camden, Tennessee; number YPM 22416.

Distribution. — 1 have about 25 specimens of this species from
the arenaceous carbonate, arenaceous chert, and vitreous chert facies
of the Sallisaw Formation. These are all free valves except for a
single articulated shell; pedicle/brachial ratio is 2.4. The following
localities are represented: S8, S9, S10-D, S14-C.

Superfamily ATRYPACEA
GENUS Leptocoelia HALL, 1857

Leptocoelia flabellites? (Conrad), 1814
Plate X1V, figures 1-10; plate XX, figures 11-17
Atrypa flabellites Conrad, 1841, p. 55.
Leptocoelia propria Hall, 1857, p. 108-109.
Leptocoelia flabellites (Conrad). Hall, 1859, p. 449-450, pl. 106, figs. la-1f,
pl. 103, figs. la-1f.

Description. — This species has been found only in the arenace-
ous carbonate facies of the Sallisaw, mostly as partly exfoliated free
valves. The shell has a plano-convex lateral profile with the pedicle
being moderately curved and the brachial almost flat except for a
slight curvature around the umbo. In outline it is transversely ellipti-
cal, the width being slightly greater than the length. On the pedicle
valve the reversal of curvature takes place along a midline extending
from the back to the front of the shell; from this line the valve
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Text-figure 47. Profile drawing of Schellwienella? sp. from
the Sallisaw Formation, x1. Pedicle valve on the right.

slopes rather uniformly to the lateral margins. On the front half
of most pedicle valves the middle costa is depressed slightly below
the two flanking ribs, thus producing a narrow sulcus. The brachial
valve is weakly convex around the umbo, but toward the front it is
nearly flat; on larger shells the two middle costae are elevated near
the front margin to make a small fold. The shell is costate and pli-
cate; on all of the Sallisaw specimens the costae are low and rounded;
however, it should be noted that these shells have undergone some
exfoliation. The larger pedicle valves have 5 to 6 ribs on each side
of the depressed middle rib.

The largest specimen in my collection has a length of almost
13 mm. The measurements of four free pedicle valves are given
below:

Length Width Number of costae
mm mm on valve
11.1 12.0 11
11.6 13.5 13
11.9 13.7 9
12.7 14.0 13

I have only a single specimen with the two valves articulated and
this is small and presumably immature; length 6.1 mm, width 6.7
mm, and thickness 1.9 mm.

The pedicle valve has large teeth, which are cemented directly
to the lateral walls (pl. XIV, fig. 2); on the specimens under study
the muscle field is poorly outlined but appears to be small and shal-
low. The brachial hinge plate is large and bears a cardinal process
which is directed posteroventrally; none of my specimens is well
enough preserved to show the structure of the myophore (my in-
formation on the pedicle and brachial interiors is based on steinkerns
prepared by calcining the shell). A low median septum extends
forward from the cardinal process with the muscle field situated on
each side of this ridge (pl. XIV, figs. 8, 10).
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Discussion. — The generic name Leptocoelia was first used by
Hall in 1857 (p. 107-109) without diagnosis, although he did
describe three species: L. comcava Hall (= Coelospira concava)
from the Helderberg, L. imbricata (= Atrypina imbricata) from
the Helderberg, and L. propria Hall from the Oriskany Sandstone;
no type species was selected. Two years later Hall (1859, p. 447-
448) gave a generic diagnosis of Leprocoeliz but still did not desig-
nate a genotype; in this publication L. propria Hall (p. 449) was
suppressed as a synonym of the Oriskany species L. flabellites (Atrypa
flabellites Conrad, 1841, p. 55), with a footnote stating that he had
overlooked Conrad’s earlier description. Some years later Miller
(1889, p. 348) designated L. flabellites as the type species of
Leptocoelia. Hall and Clarke (1894, p. 136) also designated L.
flabellites as the genotype. This presents no nomenclatorial problem
if L. propria Hall is actually a synonym of Atrypa flabellites Conrad;
but if these are not conspecific, then Miller’s (and later authors’)
designation of L. flabellites as the genotype is invalid because Con-
rad’s species was not included in the original generic indication. The
diagnoses given by Hall and Conrad indicate they were describing
similar shells, and because both authors were basing their species
upon specimens from the Oriskany Sandstone, it is reasonable to
suppose the types are conspecific; however, this should be confirmed
by a re-study of the type specimens.

Conrad (1841, p. 54, 55) referred the Onondaga shells to a
separate species, L. acutiplicata (as Atrypa acutiplicata), which he
characterized as having angular ribs. However, in 1867 Hall ( p.
366) questioned whether the Onondaga shells were in fact distin-
guishable from the Oriskany specimens of L. flabellites; and in 1944
Cooper (p. 319) noted that L. flabellites ranges from the Oriskany
to the Marcellus. On the other hand Clarke (1900, p. 43) stated
that L. acutiplicata is a distinct species, differing from L. flabellites
in having more sharply angular plications and a more depressed
brachial valve. A comparison of the Oriskany and Onondaga speci-
mens at the U. S. National Museum seems to substantiate Clarke’s
observations. The Onondaga shells have relatively high, subangular
plications, and the two middle costae on the brachial valve are de-
pressed below the general level of the sides. In contrast, the Oris-
kany shells have slightly lower, more rounded costae, and the two
middle brachial ribs are flush with the lateral ribs except at the
anterior end where they are elevated to form a small, but distincr fold.

A direct comparison of my somewhat fragmentary specimens
with those from the Oriskany Sandstone suggests that they are con-
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specific. They appear to be similar in outline, profile, character of
the pedicle sulcus and brachial fold, and in the rounded costae. The
only detectable difference is in size, the Oklahoma shells being
somewhat smaller than the typical Oriskany shell. The Sallisaw
shells also appear to be similar to, if not identical with, the repre-
sentatives of Leptocoelia from the Clear Creek Formation of Illinois
and the Camden Formation of Tennessee. The size of the Tennessee
and Illinois shells is closely comparable to those from Oklahoma.
For comparison, specimens from the Clear Creek and Camden For-
mations are illustrated on plate XX. Boucot (1959b, p. 741, pl
91, figs. 1-6) described specimens of L. flabellites from the Highland
Mills Member and Woodbury Creek Member of the Esopus Forma-
tion, New York.

Figured specimens. — Sallisaw Formation, locality S10-D; num-
bers OU 4365-4372. Clear Creek Formation, Union Co., Illinois;
numbers YPM 22426, 22427. Camden Formation, western Tennes-
see; numbers YPM 22422-22425.

Distribution. — Conrad’s specimens came from the Oriskany
Sandstone of New York. This species has been widely reported from

North American strata ranging in age from Deerparkian to early
Middle Devonian.

About 60 specimens are in the Sallisaw collections; these are al-
most entirely free valves, most of which are quite fragmentary. All
came from locality S10.

GENUS Atrypa DALMAN, 1827

Atrypa sp.
Plate XVIII, figure 1

Description. — 1 have seven fragmentary specimens of Atrypa
from the arenaceous carbonate facies of the Sallisaw Formation.
These are all incomplete, but they do show that the pedicle valve
was nearly flat with little or no trace of a sulcus. The brachial valve
is strongly convex but appears to have no fold. The length is slightly
greater than the width on all of the specimens which are complete
enough to measure. The costellation is fine for a shell of this size;
6 or 7 costellae occupy a space of 5 mm near the anterior margin.
The largest brachial valve measures 37 mm long by 33 mm wide;
the pedicle valve illustrated on plate XVIII has an estimated length
of 38 mm and a width of about 35 mm.
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Discussion. — This is the only species of Atrypa which has been
reported from the Lower Devonian beds of northeastern Oklahoma;
I found none in the underlying Frisco, nor did Christian (1953, p.
31) list any. Atrypa oklahomensis Amsden (1958a p. 116-118, pl.
9, figs. 24-35, pl. 12, figs. 34-37, textfigs. 30, 31; 1958b, p. 77,
pl. 5, figs. 41-43) is common in the Haragan and Bois d’Arc For-
mations (Helderbergian) of the Arbuckle Mountains region, but
this species has a smaller shell with a well-developed pedicle sulcus
and a brachial fold. The preservation of the Sallisaw specimens is
not good enough to justify a more precise specific identification.
Dunbar (1919, pl. 4, fig. 16) illustrated a somewhat similar Atrypa
from the Camden Formation of western Tennessee.

Figured specimen. — Sallisaw Formation, locality S$14-C; num-

ber OU 4397.

Distribution. — Seven specimens from the Sallisaw Formation
at locality S14-C.

Superfamily SPIRIFERACEA
GENUS Fimbrispirifer COOPER, 1942

Fimbrispirifer of. F. divaricatus (Hall), 1857
Plate XVIII, figures 2-11; text-figure 48

Spirifer divaricatus Hall, 1857, p. 133; 1867, p. 213-214, pl. 32, figs. 1-9.
Fimbrispirifer divaricatus (Hall). Cooper, 1942, p. 232; 1944a, p. 323, pl.

123, figs. 1, 2.

Description. — This species has a large, strongly transverse shell
with a length/width ratio ranging from 0.5 to 0.6; the hinge line is
straight and marks the point of maximum width. The lateral profile
is biconvex; the pedicle valve is deeper than the brachial. The
pedicle beak and palintrope are prominent, the latter somewhat
curved, apsacline (text-fig. 48); a sulcus begins near the beak and
becomes deep at the front margin. A corresponding fold is present
on the brachial valve, beginning near the beak and developing into
a prowlike ridge at the front. The ornamentation consists of rounded
costae which are separated by fairly narrow interspaces; the costae
bifurcate toward the front, where 3 or 4 occupy a space of 5 mm
(pl. XVIII, fig. 11). Zigzag concentric lamellae cross the ribs and
interspaces (pl. XVIII, fig. 4). I have not observed any spines on
the lamellae, but all of the Sallisaw specimens are at least partly
exfoliated.

The largest specimen in the collections under study is an incom-
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plete pedicle valve with a width of about 70 mm. The measure-
ments of three nearly complete pedicle valves are given below:

Length Width Costae
mm mm per 5 mm*
32 63 (est.) 4
34 61 3
40 (est.) 67 (est.) 4

* At anterior margin.

The pedicle valve bears a large, deeply impressed muscle scar
and dental plates (pl. XVIII, figs. 8, 10). The brachial interior was
not observed.

Text-figure 48. Fimbrispivifer cf. F.

divaricatus (Hall). Lateral profile of

the large pedicle valve illustrated on
plate XVIII, figure 5, x1.

Discussion. — Cooper proposed this genus for a group of Lower*
and Middle Devonian spirifers having a costate fold and sulcus, and
well-developed dental plates. The ornamentation consists of split
costae which are crossed by zigzag concentric lamellae bearing a
single row of small spines. Three species were included in the orig-
inal diagnosis: Spirifer divaricatus Hall, Spirifer griersi Hall, and
the genotype Spirifer venustust from the Hamilton of New York.
The Sallisaw specimens closely resemble F. divaricatns, a species
based upon specimens from the “limestone of the age of the Upper
Helderberg group at Williamsville, Erie County {New York}.”
Cooper (1944a, p. 323) gave the horizon as Lower Onondaga and
Oliver (1956, p. 1452, 1462) recorded F. divaricatus from the
Edgecliff and Moorehouse Members of the Onondaga Formation.
I have not seen any New York representatives of this species but
judge from Hall’s and Cooper’s illustrations that the Oklahoma

* According to Boucot (1959b, p. 735) Fimbrispirifer is testricted to strata of post-
Oriskany age.

+ In 1867 Hall (p. 214) supptessed S. wemustus as a synonym of S. divaricatus,
but Cooper (1942, 1944a) recognized S. vemustus as a distinct species.
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shells are much like those from the Onondaga, both being large
transverse shells with the same kind of ornamentation and similar
pedicle interiors. The principal difference would appear to be in
the pedicle palintrope, the New York shells having a more strongly
apsacline palintrope than have those from Oklahoma. The Sallisaw
specimens are quite unlike S. venustus and S. grieri and may repre-
sent a new species; however, the material on hand is not well enough
preserved to permit a precise specific diagnosis.

To my knowledge this genus has not been recognized in the
Esopus, Camden, or Clear Creek Formations; it is present in the
Bois Blanc Formation of Michigan (see Age and Correlation).

Figured specimens. — Sallisaw Formarion, locality $14-C; num-

bers OU 4398-4405.

Distribution. — This species has been found only in the arenace-
ous carbonate facies of the Sallisaw Formation at locality $14-C; it
is common in the upper three feet of the Sallisaw at this locality
where it is associated with the typical Sallisaw brachiopod fauna
(table 7B). The collections include about 46 free valves, many of
which are quite fragmentary. The pedicle/brachial ratio is 2.8.

GENUS Hysterolites SCHLOTHEIM, 1820
SUBGENUSs Hysterolites (Acrospirifer) HELMBRECHT
AND WEDEKIND, 1923

Hysterolites (Acrospirifer) worthenanus? (Schuchert) , 1890
Plate XVI, figures, 1-16

Spirifer engelmanni Meek and Worthen, 1868, p. 398-399, pl. 8, figs. 5a-5d
[not Meek, 18601.

Spirifer wortheni Meek, 1877, p. 42 [not Hall, 18571.
Spirifera worthenana Schuchert, 1890, p. 54; Dunbar, 1919, p- 87.
Description. — Hysterolites (Acrospirifer) worthenanus? is well
represented in both the arenaceous carbonate and the vitreous chert
facies of the Sallisaw Formation. The specimens from the carbonate
facies are poorly preserved, but the external and internal molds in
the chert facies are excellent and show the external and internal
features in considerable detail. The shell is transverse, with the
width much greater than the length at all observed stages of growth;
length/width ratio ranges from 0.5 to 0.6. In lateral profile the
shell is biconvex with the pedicle valve slightly deeper than the
brachial. The pedicle beak is pointed and the posterior tip is hooked
slightly towards the brachial; palintrope is well developed, slightly
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curved apsacline. A moderately deep, noncostate sulcus on the pedi-
cle valve begins near the beak, becoming deeper toward the front
margin. The brachial valve has a corresponding fold, the crest of
which is flattened or even slightly indented near the front. Each
valve bears rounded costae separated by U-shaped interspaces; 3 or 4
costae occupy a space of 5 mm (measured next to the pedicle sulcus,
about 10 mm in front of the beak). The costae and interspaces are
covered with closely spaced, concentric rows of granules, each indi-
vidual granule being wedge-shaped toward the front; these rows
undulate over the costae and interspaces (pl. XVI, figs. 8, 16).

Some shells are moderately large. One incomplete pedicle valve
has a length of 23 mm and an estimated width of about 45 mm.
‘The measurements of six pedicle valves are given below:

Length Width Length/Width
mm mm ratio
9 16 0.5
11 18 0.6
11 19 0.5
13 22 0.5
17 30 0.5
21 42 0.5

The smaller pedicle valves have short dental plates, but with
increased size the shell wall thickens and the dental plates become
obsolete. The diductor scar is moderately large, subcircular, and
divided into two parts by a low ridge (pl. XVI, figs. 2, 7, 15); on
the posterior face of the delthyrial cavity is a small pit which prob-
ably represents the point of attachment for the adductor muscles
(pl. XVI, fig. 15). The delthyrium is open on all of the specimens
observed.* The brachial valve has well-developed socket plates;
between these is a moderately deep cavity with striated walls for the
attachment of the adductor muscles (pl. XVI, figs. 12, 13); the
adductor scars are located on the floor in front of this cavity and
are separated by a low ridge (pl. XVI, fig. 12). Spiralium and
jugum were not observed.

Discussion. — The genotype of Acrospirifer is Spirifer primaevus
Steininger, 1853, from the Lower Devonian of Germany. I am not
familiar with the detailed structure of this species and hence base
my generic concept upon the diagnosis given by Havlicek (1959,
p. 237, pl. 2, figs. 2-4). The internal and external characters of
Hysterolites (Acrospirifer) worthenanus? seem to agree quite well
with the description given by Havliek. PFurther discussion of this

* My knowledge of the internal characters of the Sallisaw specimens is based entirely
upon silicified steinkerns from the chert facies.
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genus and subgenus is given in part I under H. (A.) murchisoni.

In 1868 Meek and Worthen described two new spirifers from
the Lower Devonian of Illinois: Spirifer hemicyclus (p. 399-401,
pl. 8, figs. Ga-6d, 7a, 7b; see pl. XVII, figs. 8-12 and text-fig. 49
of this report) and Spirifer engelmanni (p. 398-399, pl. 8, figs.
5a-5d; see pl. XVII, figs. 13-21 of this report; this name, preoccu-
pied by Spirifer engelmanni Meek, 1860, was replaced by Spirifer
worthenanus Schuchert, 1890). The specimens upon which these
species were based came from beds described as “cherty limestone
of the age of the New York Oriskany {sic} division of the Devonian,”
Union and Alexander Counties, Illinois; these beds are the ones
now referred to the Clear Creek Formation and are believed to be
younger than Oriskany (see introduction). Through the courtesy
of Mrs. Lois Kent, I was able to borrow Meek and Worthen's type
specimens from the Illinois Geological Survey; these include 19
specimens, four of which are teferred to S. emgelmanni (= §.
worthenanus) and 15 to S. hemicyclus.

The four type specimens labelled Spirifer engelmanni (= S.
worthenanus) are from the same locality (T. 12 S., R. 2 W., Union
County, Illinois) and include the articulated shell figured by Meek
and Worthen on plate 8, figures 5b-5d (herein designated the lecto-
type and reillustrated on pl. XVII, figs. 13-15, 17) and the pedicle
steinkern which Meek and Worthen illustrated on plate 8, figure 5a
(reillustrated on pl. XVII, fig. 19). The other two specimens are
an articulated shell and a pedicle valve. All these type specimens

‘are incomplete and partly exfoliated so that the outer shell layer is
missing. However, the type specimens labelled Spirifer hemicyclus
include a shell fragment, preserved as an external mold, which has
spines arranged in concentric rows (pl. XVII, fig. 21); this speci-
men is too fragmentary to be compared effectively with the other,
more complete, type specimens, but it is clearly not a representative
of B.? hemicyclus (see below) and is herein interpreted as the ex-
terior of §. worthenanus.* Interpreted in this way, S. worthenanus
is similar in outline, profile, and ornamentation to the shells from
the Sallisaw Formation. The pedicle interiors are also similar; the
brachial interiors cannot be compared as none of Meek and

Worthen's type specimens shows this structure. A more detailed
comparison is not feasible until the morphologic limits of this species

* It should be noted that none of Meck and Worthen's figured specimens 'shows this
ornamentation, but this is believed to be the result of partial exfoliation; the
concentric rows of granulae on almost all of the Sallisaw shells from the carbonate
facies and on many of the specimens in the chert facies have been lost.
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Text-figure 49. Brachyspirvifer? hemicyclus (Meek and Worthen), Clear Creek
and Camden Formations. All specimens are rubber casts of external and internal

A,

w

mm O 0

molds.
Slightly oblique view of posterior part of pedicle valve, x2, Clear Creek
Formation, collected by T. W. Amsden and Fred Manley, south bank of
Hutchins Creek, SEV4 sec. 1, T. 11 S, R. 3 W., Union County, Illinois
{OU 4386).
Slightly oblique view of pedicle interior, x2, Clear Creek Formation, Illinois
(this is one of Meek and Worthen’s original figured specimens; for locality
and other information see plate XVII, fig. 10).
Brachial exterior, x1, {exterior of the specimen shown in F), Clear Creek
Formation, Illinois (same collection and locality as A; OU 4387).
H. Pedicle (x1) and enlarged surface (x5) views, Camden Formation, %2
mile north of Camden, Tennessee (YPM 22434).
Brachial view, x1, Camden Formation, 2 miles southeast of Camden, Tennes-
see (YPM 22416).
Slightly oblique view of posterior end of brachial interior, x3 (interior of
specimen illustrated in C), Clear Creek Formation, Ill. (same collection
as locality A, C; QU 4387).
Enlarged surface view of a pedicle valve, x5, Camden Formation, 2 miles
southeast of Camden, Tennessee (YPM 22433). For other views of B.?
bemicyclus see plate XVII, figures 8-12.
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have been clarified on the basis of larger collections from the type
locality. H. (A.) worthenanus is also present in the Camden Forma-
tion, and some of the Tennessee shells show the details of external
ornamentation quite well.

The type specimens of Spirifer hemicyclus include the articulated
shell figured by Meek and Worthen on plate 8, figures 6a, b, 6d
(herein designated the lectotype and reillustrated on pl.-XVII, figs.
8,9, 11, 12), and the pedicle steinkern illustrated on plate 8, figure
7b (reillustrated on pl. XVII, fig. 10, and textfig. 49B of this
report); the specimens which these authors figured on plate 8, fig-
ures 6¢ and 7a were not positively identified among the paratypes.
I also have several excellent specimens which F. H. Manley and I
collected from the Clear Creek Chert near its type locality in north-
ern Union County, Illinois, and some of these are illustrated in
text-figure 49. This species is not congeneric with H. (A.) worthen-
anus (Schuchert), and I tentatively assign it to Brachyspirifer, al-
though it should be noted that I am not familiar with the detailed
structure of the type species of that genus; the Clear Creek species
has, however, some of the characteristics commonly associated with
this genus (Cooper, 1944a, p. 323; B. andaculus (Conrad) is illus-
trated as an example). Brachyspirifer? hemicyclus has a strongly
developed, noncostate fold and sulcus, and high, narrow costae; the
surface does not bear spines or granules, the only markings being
closely spaced growth lines, which may become fairly prominent
toward the front margin (text-fig. 496, H). The pedicle palintrope
is well developed, slightly cutved, and strongly apsacline to almost
catacline on some specimens (pl. XVII, figs. 8, 10; text-fig. 494, B).
In the pedicle interior the teeth are supported by short dental plates
and the muscle field is only moderately impressed (pl. XVII, fig.
10; text-fig. 494, B); the delthyrium is largely filled with a tri-
angular wedge or plug of shell material (pl. XVII, fig. 10; text-fig.
494, B). The brachial interior is illustrated on text-figure 49F. B.?
hemicyclus is distinguished from H. (A.) worthenanus by its non-
spinose exterior, high, narrow costae, deeper and more sharply de-
fined fold and sulcus, and more prominent, strongly apsacline palin-
trope; also the pedicle muscle scars appear to be more deeply im-
pressed in H. (A.) worthenanus. This species has not been recog-
nized in the Sallisaw of Oklahoma, but it is common in the Camden
Chert of western Tennessee; several Camden shells are illustrated
in text-figure 49D, E, G, H.

Figured specimens. — Sallisaw Formation, localities S8, S10;

numbers OU 4352, 4362, 4364, 4385, 4388-4396. Meek and
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Worthen’s type specimens from the Clear Creek Formation of Illi-
nois are illustrated on plate XVII; number IGS 4530.

Distribution. — Meek and Worthen based their description on
specimens from Clear Creek Formation of Illinois. The Sallisaw
collections include about 118 specimens from the arenaceous car-
bonate and vitreous chert facies; these are from localities S8, S10,
S11-D, S14-C.

This species is also present in the Camden Chert of western
Tennessee.

Superfamily TEREBRATULACEA
GENUS Amphigenia HALL, 1867

Amphigenia curta (Meek and Worthen), 1868
Plate XIV, figures 11-21; plate XVII, figures 1-7; plate XX, figures 1-8;
text-figure 50

Stricklandinia elongata curta Meek and Worthen, 1868, p. 402-404, pl. 8,
figs. la-1c.

Amphigenia curta (Meek and Worthen). Dunbar, 1919, p. 86, pl. 4, figs.
14, 15; Cloud, 1942, p. 78; Boucot, 1959b, p. 764, 766, pl. 101, fig. 6.
Description. — Amphigenia curta is one of the more common

species in the Sallisaw Formation, but most of my specimens were
collected from the carbonate facies and the preservation is not good.
I have one articulated shell (a steinkern from the chert facies), the
rest of the collection being composed of free valves, most of which
are only the posterior part of the shell. The few reasonably complete
valves are exfoliated and the anterior part is generally preserved as
a steinkern. Complete valves are elongate elliptical in outline; the
length/width ratios of two nearly complete brachial valves are 1.3
and 1.6. The profile is biconvex and the pedicle is slightly deeper
than the brachial; one articulated steinkern has a pedicle-valve-
depth/brachial-valve-depth ratio of 1.1. On smaller specimens the
convexity of both valves is moderate; on larger individuals the valves
deepen considerably, producing a stout biconvexity. This increase
in convexity is produced by the following growth pattern: the curva-
ture of the valves remained fairly uniform up to a width of 25 to
30 mm; at this size the lateral margins were deflected at a rather
sharp angle so that further growth produced a strongly biconvex
shell (the anterior slope remained gentle throughout growth). All
specimens appear to have a smooth exterior, although it should be
noted that most, if not all, are at least partially exfoliated. The shell
is punctate.



188 AMPHIGENIA CURTA

It 1s difficult to get a precise idea of the maximum shell size
owing to the fragmentation of the material. One neatly complete
brachial valve is 31 mm long by 23 mm wide; another larger, but
less complete, specimen has an estimated length of 34 mm and a
width of 25 mm. One of the larger pedicle valves (pl. XIV, fig. 20)
has a width of about 32 mm (anterior end broken). My collection
includes one articulated shell (steinkern) and approximately 130
free valves; pedicle/brachial valve ratio is 0.95.

The pedicle valve has a spondylium which is sessile for much
of its length, only the anterior end being supported upon a septum
(pl. X1V, figs. 13, 14). Throughout its length the spondylium ap-
pears to be formed by the convergence of the two dental plates (as
indicated by Boucot, 1959b, p. 737), the line of junction being well
marked in transverse serial sections (text-fig. 50). Near the posterior
end these plates are embedded in the thickened shell wall. The
inside of the spondylium is lined with shell material which seems
to have been deposited after the spondylial walls were secreted be-
cause this layer is continuous across the junction of the dental plates
(text-figs. 34, 54, 50).* The septum, which is formed by the union
of the two walls of the spondylium, extends forward beyond the
spondylium (pl. X1V, fig. 14; pl. XVII, figs. 3, 4, 7). Mystrochial
plates buttress the spondylium (text-fig. 50).

The brachial hinge plate is supported by two crural plates (pl.
X1V, figs. 11, 17, 19; pl. XVII, figs. 2, 4; pl. XX, fig. 3). The
crural plates are commonly subparallel although on some specimens
they may converge slightly toward the valve floor. This relationship
is variable, but on none of the specimens observed by me do the
crural plates unite. The space between them is partly filled with
shell material which may lap up on the inside walls of the crural
plates to produce a cruraliumlike structure. A median ridge extends
some distance beyond the antetior end of the crural plates; on some
specimens the material filling the space between the plates appears
to be a posterior extension of this ridge ( pl. XX, fig. 3). Narrow,
elongate, diductor scars are present on both sides of the median
ridge (pl. XIV, fig. 19; pl. XX, fig. 3). The loop was not observed.

* This condition would appear to be similar to the structure of the spondylium
duplex of the Pentameracea as described by St. Joseph (1938, text-figs. 1, 2, etc.),
Kozlowski (1929, p. 125), and Amsden (1953, p. 130-140); however, Williams
and Wright (1961, p. 164-165) stated that the spondylium of Ampb;gema_ls
" . . quite unlike the pentameroid ones, for it is buttressed by a pair of mystrochial
plates, and has been shown (Boucot, 1959, p. 737) to have developed from discrete
dental lamellae as in Rensselaeria Hall.” 1n the opinion of these authors there is
no real difference between the structure of the pentameroid spondylium duplex and
the spondylium simplex. :
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Text-figure 50. Transverse serial sections of the pedicle valve of Ampbigenia

curta (Meek and Worthen). Sallisaw Formation, locality S5-D (OU 3419).

Numbers 1 to 5, x3; numbers 1A, 34, 5A are enlarged drawings (approximately

x5) showing the growth lines. The second set of plates which appear in 2 and 3

are probably the mystrochial plates, here cut at an oblique angle. Approximate

distance from the posterior tip of the pedicle beak: 1— 1.5 mm; 2—2.5 mm;
3 — 3.8 mm; 4 — 4.6 mm; 5 — 6.3 mm.
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Discussion. — The genus Amphigenia was proposed by Hall
(1867, p. 163), the genotype being Pentamerus elongatus Vanuxem
from the Onondaga Limestone of New York. In 1942 Cloud (p.
77-80, pl. 9, figs. 18-20; pl. 10, figs. 1-11) redescribed this genus
in a monograph which included excellent illustrations of the internal
and external features of the type species. In his discussion Cloud
stated:

The shells here assigned to Ampbhigenia may be divided into two
groups on the basis of internal characters. In the genotype the crural
plates are subparallel and reach the floor of the valve as discrete
plates; but in the lower Onondaga forms, such as A. curta, the crural
plates are longer and converge anterodorsally so that they meet on
either side of the myophragm. In some specimens the convergence
is so strong and the myophragm so prominent that the appearance is
as of a low pseudocruralium. At first these differences were thought
to be generic, but 4. parva from the Moose River sandstone has cast
doubt upon this belief by showing interiors of both types.

Boucot (1959b, p. 737, 762-766, pl. 100, figs. 5-13, pl. 101, figs.

1-6, 10) in a recent study of Amphigenia concluded:
Examination of well-preserved specimens belonging to A. c#rta shows
that his {Cloud’s] cruraliumlike structure is actually formed by the
deposition of secondary material between the crural plates so as to
raise the tube connecting the floor of the valve with the cardinal
plate.

My own study of A. curta, which is based upon an examination of
specimens from the Clear Creek (including Meek and Worthen’s
type specimens), Camden, and Sallisaw Formations, shows that the
brachial cardinalia is variable, although in no specimens do the
crural plates converge enough to unite. On some specimens the
plates are nearly discrete except for a low callosity between them,
whereas on other specimens the intervening shell material is much
thicker and laps up on the inside walls of the crural plates, producing
a troughlike structure. There are some brachial valves in which the
shell material separating the crural plates appears to be, at least in
part, a posterior extension of the median ridge which separates the
muscle scars (pl. XX, fig. 3); possibly with further growth in this
shell the animal would have secreted a layer of secondary material
on top of that part of the ridge between the two plates, thus obscur-
ing its connection with the forward part of the ridge.

Serial sections clearly show that the spondylium and supporting
septum are formed by the union of the dental plates.

Meek and Worthen based their description of A. c#rta upon
specimens from the “"Cherty limestone of the age of the Oriskany
sandstone {sic] of the New York Devonian series; Union County,
Illinois” (believed to = strata now called the Clear Creek Forma-
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tion). Through the courtesy of Mrs. Lois Kent of the Illinois Geo-
logical Survey, I was able to borrow Meek and Worthen’s type speci-
mens and these are reillustrated on plate XVII, figures 1-7. I have
also examined specimens in the collections at Peabody Museum,
Yale University, which were collected by T. E. Savage from the
Clear Creek Chert, Union County, Illinois. In addition I have studied
the Peabody Museum collections of A. curta from the Camden For-
mation near Camden, Tennessee (pl. XX, figs. 1-7); the species is
abundantly represented in this formation. The shells from both the
Camden and Clear Creek Formations are mostly preserved as stein-
kerns. The Tennessee shells are undoubtedly conspecific with those
from the Clear Creek Formation, being similar in all respects, in-
cluding internal characters. Meek and Worthen treated these shells
as a variety (subspecies) of A. elongata, but all subsequent investi-
gators have recognized them as 2 distinct species. As noted by Boucot
(1959b, p. 764), the Onondaga specimens have a quite different
lateral profile; A. curta is strongly biconvex, the brachial valve being
nearly as deep as the pedicle, whereas in A. elongata the brachial
valve is relatively flat in comparison to the pedicle. The deep con-
vexity of the brachial valve is clearly apparent on Meek and
Worthen'’s type specimens as shown in the following measurements:

Maximum depth of Maximum depth of Ratio
pedicle valve (mm) brachial valve (mm) pedicle/brachial
10 1.2
16 13 1.2
18 15 1.2

The following measurements show that a similar relationship is pres-

ent in the Camden shells:
13 10 1.3
12 10 1.2

One articulated shell from the Sallisaw has a pedicle-depth/brachial-
depth ratio of 1.1.

It would appear reasonably certain that the Sallisaw shells are
conspecific with those from the Clear Creek and Camden Forma-
tions. The internal structure of the Oklahoma shells seems to be
identical to that of the Tennessee and Illinois specimens, but it is
more difficult to make a precise comparison of external features as
most of the Sallisaw specimens are fragmentary free valves, whereas
the Camden-Clear Creek specimens are mostly the steinkerns of
articulated shells. However, in so far as can be determined, these
free valves are similar in size, outline, and profile to those from
Illinois and Tennessee; moreover, I have one steinkern from Okla-
homa (pl. XX, fig. 8) which is almost identical to those from the
Camden and Clear Creek Formations.
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Two of the Camden specimens at Peabody Museum have faint
radial ribbing on the anterior part/f the shell (pl. XX, fig. 7.) 1
have not observed this on any of the Clear Creek or Sallisaw speci-
mens, but the exterior of the shell is generally at least partly ex-
foliated. Cloud (1942, p. 79) stated that A. elongata has low, simple
costellae.

The spondylium of A. preparva Boucot (1959b, p. 765, pl. 100,
tig. 5, text-fig. 5) from the Woodbury Creek Member of the Esopus
Formation is relatively long and unsupported by a septum, wheteas
A. elongata (Vanuxem) (see Boucot, 1959b, p. 762, pl. 100, figs.
8-13, pl. 101, fig. 10, text-fig. 5) has a much shorter spondylium
which is supported by a relatively long septum; the latter is about
twice the length of the spondylium. The pedicle apparatus of A.
curta appears to be intermediate between these two species; it pos-
sesses a median septum, but this is only slightly longer than the
spondylium. Note that these comparisons between the relative length
of the spondylium and septum are based upon measurements taken
at or near the floor of the valve.

Figured specimens.— The Sallisaw specimens are from localities
83, §5-D, 810, S11-D; numbers OU 4373-4383, 4410.

Meek and Worthen’s type specimens are from the Clear Creek
Formation, Union County, Illinois; IGS 4548.

The specimens from the Camden Formation near Camden,
Tennessee, are at Peabody Museum, Yale University; numbers YPM
S-3394, 22419, 22420.

Distribution. — This is the most common brachiopod in the
Sallisaw Formation; it is present in the arenaceous limestone litho-
facies, arenaceous chert lithofacies, and vitreous chert lithofacies. I
have approximately 130 specimens, mostly fragmentary free valves,
from the following localities: S1-D, S3, $4-D, S5-D, S10-D, S11-D,
§14-C. It is also present in the Camden Formation of western
Tennessee. Meek and Worthen’s specimens came from the Clear
Creek Formation, Illinois.
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PART III. — SUPPLEMENT TO THE HARAGAN
(DEVONIAN) BRACHIOPODS

THOMAS W. AMSDEN

INTRODUCTION

The Haragan is a Lower Devonian (Helderbergian) formation
which forms a part of the Hunton Group. It crops out over a rather
large area in the Arbuckle Mountains region and Criner Hills of
south-central Oklahoma. The Haragan is a thin-bedded marlstone
with considerable amounts of insoluble material, mostly in the form
of siltsized, subangular quartz detritus. The quantity of detritus is
highly variable, the insoluble content ranging from about 6 percent
to more than 30 percent, with the average about 16 percent. It
bears a large and varied fauna, and has been well known for many
years as a rich source of well-preserved Lower Devonian fossils.
"This formation is a facies of the Bois d’Arc Formation, the marlstones
of the Haragan grading laterally and vertically into the cherty marl-
stones and biocalcarenites of the Cravatt and Fittstown Members of
the Bois d’Arc. The Haragan-Bois d’Arc Formations rest upon the
Hentyhouse Formation of Late Niagaran (Ludlovian) age, or, where
that formation is absent, upon the Clarita (Middle Silurian), or the
Cochrane or Keel (Early Silurian) Members of the Chimneyhill
Formation, and locally on the Sylvan Formation (Late Ordovician).
The Haragan-Bois d’Arc Formations are overlain by the Frisco For-
mation of Deerparkian (Oriskany) age, or, where that formation
is absent, by the Woodford Formation of Late Devonian age (text-
fig. 4). The lithostratigraphic and biostratigraphic relations of this
formation have been described in previous papers (Amsden, 1958a,
p. 9-24; 1958b, p. 7-25; 1960, p. 86-125, panels I, II, III), and
some additional remarks are included in part I of this report (see
under Frisco Stratigraphy, Arbuckle Mountains region).

The Haragan carries a large articulate brachiopod fauna. In
1958 I described 38 species representing 34 genera (Amsden, 1958a,
p. 12-14, 41-157, 14 pls.), and herein are presented three additional
species: Anopliopsis pygmaea Amdsen, new species, Chonostrophia
belderbergia Hall and Clarke, and Spinoplasia gaspensis? Boucot.
Two of these species, Anopliopsis pygmaea and Spinoplasia gaspen-
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sis? are of particular interest because they furnish additional infor-
mation on the stratigraphic range and geographic distribution of the
Paeckelmanniinae and Ambocoelininae. A complete list of Haragan
species is given in table 10, and the distribution of Haragan genera
in the Lower Devonian strata of Oklahoma is shown in text-figure 10.

The Helderbergian aspect of this fauna is clearly brought out
in the charts of text-figures 10 and 51 which show the distribution
of brachiopod genera in the Lower Devonian strata of Oklahoma
and of New York. All but five of the Haragan genera are present
in the Helderbergian strata of New York; the missing genera are:
Lissostrophia, Plectodonta, Obturamentella, Trigonirhynchia, Rens-
selaerina, and Ancillotoechia? (The Helderbergian species Camaro-
toechia bialveata (Hall) may be a representative of Ancillotoechia.)
Two Haragan genera, Orthostrophia (of the strophomenoides type) *
and Skenidium, are believed to be confined to the Helderberg in
New York. Five of the Haragan genera (Anopliopsis, Chonostrophia,
Costellirostra, Meristella, and Spinoplasia) first appear in the Helder-
berg, being unknown in the older strata of New York. Three Hara-
gan genera (Atrypina, Anastrophia, and Howellellz) are believed to
terminate in the Helderberg of New York, being unknown in the
overlying strata. The similarity between Haragan and Helderbergian
(New Scotland) brachiopods is even more marked at the species
level; this comparison is discussed at some length in my 1958 paper
(Amsden, 1958a, p. 18-24).

A number of other faunal elements have been described by
various authors (see Amsden, 1956). Ireland (1939) described
several species of arenaceous Foraminifera; Decker (1941) described
four species of graptolites; Delo (1940) and Whittington (1956,
1960) described several trilobites; Roth (1929) and Coryell and
Cuskley (1934) described 2 number of ostracodes (in 1935 Wilson
studied the ostracodes from the Birdsong Shale of western Tennessee
and found this fauna to be similar to that of the Haragan); Strimple
(1952) described a crinoid, and Girty (1899) and Branson and

* The genus Orthostrophia generally is stated to range from the Silurian into the
Helderbergian. Three forms have been described from North American Helder.
bergian strata: the genotype, O. strophomenoides (Hall), O. strophomenoides
barva Amsden from the Haragan Formation, and O. canadensis Clatke from the
St. Albans beds. All three are characterized by a pedicle fold. Four species
have been described from the Silurian of North Ametica: “O.” dartae Schuchert
and Coopet, “0.” dixoni Foerste, “0.” newsomensis Foerste, and "0."” brownspor-
tensis Amsden. These Silurian species differ from the Helderbergian species in
having the pedicle fold replaced by a sulcus toward the front of the shell.
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Orthostrophia strophomenoides parva Amsden
Skenidinm insigne (Hall)

Levenea subcarinata pumilis Amsden
Dicoelosia varica (Conrad)
Rhipidomelloides oblatus (Hall)

Isorthis pygmaea (Dunbar)

Anastrophia grossa Amsden

Gypidula multicostata? Dunbar

Leptaena acuticuspidara Amsden
Leptaenisca concava (Hall)

Strophonella (Strophonelia) bransoni Amsden
Strophodonta (Brachyprion) gibbera Amsden
Strophodonta (Brachyprion) arata Hall
Lissostrophia (Lissostrophia) lindenensis (Dunbar)
Leptostrophia beckii tennesseensis Dunbar
Schuchertella haraganensis Amsden
Schellwienella marcidula Amsden
Plectodonta petila Amsden

Chonetes? sp.

Chonostrophia helderbergia Hall and Clarke
Anopliopsis pygmaea Amsden, new species
Ancillotoechia? haraganensis ( Amsden)
Camarotoechia? sp.

Sphaerirhynchia lindenensis (Dunbar)
Sphaerirbynchia glomerosa Amsden
Obturamentella wadei (Dunbar)
Trigonirbynchia acutirostella Amsden
Eatonia exserta Amsden

Costellirostra singularis (Vanuxem)

Atrypa oklahomensis Amsden

Atrypina hami Amsden

Coelospira virginia Amsden

Spinoplasia gaspensis? Boucot
Kozlowskiellina (Megakozlowskiellina) velata (Amsden)
Howellella cycloptera (Hall)

Meristella atoka Girty

Nucleospira vensricosa (Hall)

Cyrtina dalmani nana Amsden
Rbynchospirina maxwelli Amsden
Trematospira cf. T. hippolyte (Billings)
Trematospira sp. .
Rensselaerina haraganana Cloud
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Amsden (1958) described a few mollusks. All of these authors
assigned the Haragan to the Helderbergian stage.*

* In a recent article Fuller (1961, footnote, p. 1361) stated “The dating of upper
- Hunton-Interlake in Oklahoma as Lower Devonian (cf. Reeds, 1927, p. 12; Amsden,
1957), however, seems to be untenable on regional stratigraphic grounds, for the
great pre-Devonian unconformity was erased, the surface having been further
eroded before Mississippian deposition; and the post-Silurian (post-Ludlow) un-
conformity within the Hunton succession, alleged by Amsden (1957, fig. 4; 1960,
pl. C, panel 3) is not only three-dimensionally impossible but undetected in the
subsurface (cf. Oxley, 1959, figs. 4 and 5, p. 164).” Fuller gave no explanation
or elaboration of what is meant by such statements as regional stratigraphic
grounds, great pre-Devonian umconformity, or three-dimensionally impossible, but
his article clearly implied that there is no Devonian in the Hunton of Oklahoma.
I certainly cannot subscribe to this conclusion, nor is this the opinion of any of the
previous investigators who have concerned themselves with the age of Hunton
strata. Oxley’s paper cited by Fuller did not discuss the age relationships within
the Hunton Group, and his article had no bearing on the presence or absence of
Devonian in the Hunton, unless one assumes that all pre-Woodford carbonate beds
in Oklahoma are, by definition, Silurian or older. My reasons for assigning the
Haragan, the Bois d’Arc, and the Frisco to the Lower Devonian are given in part
I and part III of this report, and in my earlier publications (Amsden, 1958a,
1958b). Further discussion of this subject is pointless until such time as Fuller
cites definite evidence in support of his conclusions.
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BRACHIOPOD DESCRIPTIONS

Superfamily CHONETACEA

GENUS Anopliopsis GIRTY, 1938

Anopliopsis pygmaea Amsden, new species
Plate XXI, figures 1-12

Description. — Anopliopsis pygmaea has a tiny transverse shell,
the width being slightly greater than the length at all observed
growth stages (length/width ratio 0.76 to 0.99). The hinge line
is straight and is the line of greatest width; from the cardinal
extremities forward the shell is uniformly rounded. The posterior
margin of the pedicle valve bears spines which are relatively stout
for a shell of this size; most shells have two (a few have three)} more
or less erect spines on each side (pl. XXI, fig. 7). In lateral profile
the pedicle valve is deeply and uniformly convex, and the brachial
valve is strongly concave; thus a shallow living chamber 1s pro-
duced. The surface is completely smooth except for a few weak,
concentric growth lines.

All of the shells referred to this species are tiny, the largest one
observed being about 2.5 mm in width. Measurements of five com-
plete specimens are given below:

Length Width Length /_Width
mm mm ratio
2.1 2.5 0.84
2.0 2.2 0.91
1.6 2.1 0.76
1.6 2.0 0.80
1.7 2.0 0.85

The pedicle interior has small teeth and a median septum which
extends forward about one-third the length of the valve. At its
posterior end this median septum extends into the delthyrial cavity
and forms a plug which partially closes the delthyrium; the postero-
lateral walls of this valve bear pustules (pl. XXI, figs. 9, 10). The
brachial valve has a small cardinal process which extends posteriorly
beyond the hinge line. The sockets are small, their forward edges
defined by two indistinct ridges directed obliquely away from the
process. A shallow trough extends forward from the base of the
cardinal process and is bordered on each side by serrated ridges. The
specimen illustrated on plate XXI, figure 2, has three fairly well-
defined ridges on each side.
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Discussion. — The genus Anopliopsis was established by Girty
(1938, p. 281-284, figs. 6-16), with Chonetina subcarinata Girty
(1926, p. 27-28, pl. 5, figs. 10-16) as the type species. Girty's
description of the type species was based upon specimens from the
Ridgetop Shale and Fort Payne Chert of western Tennessee and
from the Moorefield Shale of Oklahoma (Girty, 1938, p. 281). All
but one of the specimens figured in 1926 and in 1938 are from
the basal part of the Fort Payne Chert in Waynesboro quadrangle,
western Tennessee, and all the shells showing the internal features
are from this formation (presumably one of the Ft. Payne specimens
is the holotype, or will be designated the lectotype). These speci-
mens of A. subcarinata are from formations of Mississippian age
and are, therefore, much younger than the Haragan shells, but the
two species appear to be congeneric, being similar in profile, orna-
mentation, hinge spines, and, in so far as can be determined from
Girty's description and illustrations, in internal characters. A.
pygmaea differs from A. subcarinata in having a much smaller and
more transverse shell with a more uniformly rounded outline.

The genus Paeckelmannia Lichatew, 1934, which is based upon
the British Carboniferous species Leptaena polita McCoy (1854;
Davidson, 1857, p. 190-191, pl. 47, figs. 8-11), is similar in many
respects to Anopliopsis. This genus was first described by Paeckel-
mann (1930, p. 227-230, pl. 15, figs. 11-13) under the name
Tornquistia (as a subgenus of Chonetes), but this name was pre-
occupied by Tornquistia Reed, 1896, and Licharew* replaced it with
Paeckelmannia. Paeckelmannia polita is similar to A. subcarinata
and A. pygmaea in most respects. It differs in having spines over
the entire pedicle valve and in having only two septa on the brachial
interior. According to Paeckelmann (1930, p. 224) this genus first
appears in the Silurian and ranges into the Permian. Both Paeckel-
mannia and Anopliopsis are remarkably similar to Anoplia Hall and
Clarke, 1892, the principal difference being that the latter is com-
pletely free of external spines (see parts I and II of this report;
specimens of A. nucleats (Hall) from the Frisco and Sallisaw For-
mations are illustrated on pls. I, XI, XIII, XX: specimens of A.
nucleata (Hall) from the Glenerie Formation of New York, showing
the internal structure, are illustrated on pl. X, figs. 13-16). In 1960

" |
goLolsLaya {p. QQQB propose(] DaecLelmannunae 4s 4 new su Iarmly
within the Chonetidae; this included Paeckelmannia Lichatew,
Lissochonetes Dunbar and Condra, Chonetina Krotow, Quadro-

* 1 have not seen Lichatew's 1934 reference and this information was obtained from
Sokolskaya (1960, p. 222).
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choneses Stehli, Anopliopsis Girty, Anoplia Hall and Clarke, Se-
menewia Paeckelmann, Notanoplia Gill, and Dyoros Stehli. This
subfamily (Sokolskaya, 1960, p. 166) is reported to range from the
Early Silurian through the Permian. Whether all these genera are
closely related may be questionable, but it would appear fairly cer-
tain that Anoplia, Paeckelmannia, Notanoplia, and Anopliopsis are
close to one another in structure and in generic affinities.* In so
far as I am aware, the oldest North American representatives of
this subfamily are the present species Anopliopsis pygmaea from the
Haragan (Helderbergian) of Oklahoma, and Anopliopsis belder-
bergiae (Schuchert) from the Helderberg (New Scotland) of Mary-
land. The genus Amoplia is common in strata of Deerparkian to
Onesquethawan age, the oldest North American representative being
A. nucleata (Hall) from the Oriskany Formation (Gill, 1945, p.
147, and 1946, p. 250, reported Notanoplia australis and N. pherista
in the Early Devonian strata of Victoria and Tasmania). This sug-
gests that Anoplia is a relatively short-lived offshoot of Anopliopsis,
derived by the loss of the hinge spines.

In 1913 Schuchert (i# Schuchert and Maynard, 1913, p. 340,
pl. 61, fig. 21) described the species Anoplia helderbergiae from the
New Scotland Member of the Helderberg Formation in Maryland.
Schuchert noted that this species is similar in many respects, in-
cluding a smooth exterior, to A. nucleata (Hall), from which it
differs in the presence of hinge spines. I have not examined the
types of Schuchert’s species, but judged from the description and
iliustration, it would appear to be congeneric with Anopliopsis sub-
carinata and A. pygmaea. It differs from A. pygmaea in having a
considerably larger shell with a much more transverse outline, the
width being nearly twice as great as the length. 4. pygmaea and 4.
helderbergiae come from strata which are closely related in age.

Figured specimens. — Haragan Formation, old Hunton town-
site; stratigraphic section C1. Numbers USNM 138782-138791.

Distribution. — This species is known only from the Haragan
Formation near old Hunton townsite; stratigraphic section Cl
(Amsden, 1960, p. 182-188). I have studied about 60 specimens
in the U. S. National Museum collections.

* Cooper (in Girty, 1938, p. 283) commented on the structural similarity of
Anopliopsis and Amoplia and suggested a close generic affinity between these two
genera, much closer than between Amopliopsis and Chonetina. Notanoplia Gill
(1946, p. 249; the type species, N. pherista Gill, is from the Lower Devonian of
Tasmania) has a nonspinose shell which is much like Anoplia. According to Gill
it 1is distinguished from Anoplia by having a longer median septum in the pedicle
valve.
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GENUS Chonostrophia HALL AND CLARKE, 1892

Chonostrophia helderbergia Hall and Clarke, 1892
Plate XXT, figures 29, 30

Chonostrophia helderbergia Hall and Clarke, 1892, p. 353, pl. 15B, fig. 14;
Schuchert and Maynard, 1913, p. 342, pl. 52, tig. 3.

Description. — Chonostrophia helderbergia is represented by a
single well-preserved pedicle valve. Near the umbo this shell is
gently convex, but two or three millimeters in front of the beak this
convexity is lost and the rest of the shell is almost flat to slightly
concave. The hinge line is nearly straight and marks the point of
greatest shell width; from the cardinal extremities forward the lateral
margins have a fairly uniform curvature. It has a strongly transverse
outline, the width being about 16 mm and the length only 9 mm.
The surface is covered with evenly spaced, fine costellze, about 30
ribs occupying a space of 5 mm near the front margin (pl. XXI,
fig. 30). The hinge bears small spines, slightly inclined away from
the beak. About five spines are on each side. No interiors were
observed.

Driscussion. — Hall and Clarke based their description of this
species upon specimens from the Helderberg (New Scotland) of
Albany County, New York. In so far as I can determine, the Hara-
gan shell is similar in outline, curvature, and ornamentation to the
New York specimens. The shell figured by Hall and Clarke is slight-
ly Jarger than the Haragan specimen but seems to have the same
relative proportions. Schuchert and Maynard (1913) described and
illustrated specimens of C. helderbergia from the New Scotland
Member of the Helderberg Formation in Maryland. According to
these authors, the center rib on the pedicle valve is more prominent
than the others, but this was not mentioned by Hall and Clarke nor
does my specimen show it. The illustration given by these authors
suggests that the prominent center rib may be the result of crushing
around the internal median septum.

Dunbar (1919, p. 53, pl. I, fig. 3) cited the species Chonos-
trophia lindenensis Dunbar from the Ross Member of his Linden
Group. No mention of this species appears in his 1920 paper, and,
so far as I know, it never has been described. Dunbar’s illustration
suggests that C. lindenensis may be conpecific with C. helderbergia.
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This species differs from the Frisco specimens of C. complanata
and Sallisaw specimens of C. complanata? in having a mote trans-
verse shell and considerably finer ribbing (see parts I and II).
Neither C. complanata nor C. belderbergia shows any tendency to-
ward an alternating type of rib such as is found in C. reversz
(Whitfield).

Figured specimen. — Haragan Formation, northeast of Bromide,
SW1l4 SW14 NEV4 sec. 33, T. 1 S, R. 8 E., Coal County, Okla-
homa, number QU 3627.

Dissribution. — A single specimen collected by W. E. Ham from
the Haragan Formation.

GENUS Chonetes FISCHER DE WALDHEIM, 1837

Chonetes? sp.
Plate XXI, figures 27, 28

Description. — This species is represented by a single pedicle
valve. In lateral profile it is gently and evenly convex. The hinge
line is straight and probably near the point of maximum shell width;
its outline is strongly transverse, the width being about 23 mm and
the length about 13 mm. The surface is covered with fine, evenly
spaced costellae, about 35 costellae occupying a space of 5 mm (pl.
XXI, fig. 27). The hinge bears four small spines on each side,
these being inclined away from the beak. No interiors were ob-
served.

Discussion. — Some question exists concerning the author of
Chonetes and the type species (see discussion by Imbrie, 1959, p.
395). The reference of the Haragan species to Chonetes is based
entirely upon its convex pedicle valve and hinge spines. Nothing is
known about the internal structure of this species, nor am I familiar
with the internal structure of the type species of Chonetes.

Chonetes? sp. differs from Chonostrophia helderbergia Hall and
Clarke in having a convex pedicle valve and finer costellatton.

Figured specimen. — Haragan Formation, stratigraphic section
C1-K, near old Hunton townsite, Coal County, Oklahoma (Amsden,
1960, p. 182-188). Number OU 958.

Distribution. — A single specimen from the Haragan Formation
near old Hunton townsite.
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Superfamily SPIRIFERACEA
GENUS Spinoplasia Boucort, 1959

Spinoplasia gaspensis? Boucot, 1959
Plate XXI, figures 13-26

Spinoplasia gaspensis Boucot, 1959a, p. 18-19, pl. 2, figs. 14-16.

Description. — The shell of Spinoplasia gaspensis is small with
a subcircular to transversely elliptical outline; the width is commonly
slightly greater than the length, the length/width ratio ranging from
0.87 to 1.00. The hinge line is nearly straight and close to the point
of maximum shell width. It has a biconvex lateral profile, with a
shallow brachial valve and a deep pedicle valve ( pl. XXI, figs. 14,
16, 20, 24, 25). The pedicle palintrope is tairly well developed,
slightly curved and strongly apsacline. A plug of shell material
closes the delthyrium (pl. XXI, figs. 16, 24). The pedicle beak is
prominent and hooked at its posterior end and the pedicle valve
has a shallow, but distinct, sulcus and smooth lateral slopes (pl.
XXI, figs. 13, 16, 19). A low, but distinct, fold is on the brachial
valve, bordered on each side by a faint lateral plication (pl. XXI,
figs. 17, 22, 23). The surface of each valve bears concentric rows
of spines; on most specimens these are at least partially abraded so
that only the bases remain (pl. XXI, figs. 17, 22), but on one or
two specimens a few of the spines are preserved nearly intact.

Sixteen specimens are in the collections under study, the largest
shell being 3.9 mm long and 4.5 mm wide. The dimensions of
seven well-preserved specimens are given below:

Length Width Length/Width Thickness Length/Thickness
mm mm ratio mm ratio
2.0 2.1 0.95 1.4 1.42
2.1 2.1 1.00 1.5 1.40
3.0 3.0 1.00 2.1 1.42
3.0 3.1 0.97 2.1 1.42
3.3 3.7 0.89 2.7 1.22
3.9 43 091 -
3.9 4.5 0.87 B

Two pedicle valves in the collections under study show the in-
tetnal structure moderately well. The teeth are stout and unsup-
ported by plates, the muscle field consists of two elongate, modet-
ately well-defined tracks, and the delthyrial cavity is at least partly
filled with shell material. In the brachial valve a low, flat cardinal
process is bordered on each side by triangular crural plates which de-
fine the sockets; a low ridge begins just in front of the crural plates



SPINOPLASIA GASPENSIS? 205

and extends forward between the moderately deep adductor scars
(pl. XXI, fig. 18).

Discussion.— In a recent paper Boucot (1959a, p. 18-23) de-
scribed two new genera of Lower Devonian ambocoeliinids, P/
coplasia and Spinoplasia. The latter, the type species of which is .
gaspensis Boucot, has a plicate shell like Mezaplasia Hall and Clarke,
1894, but differs in its spinose -exterior. Plicoplasia differs from
Spinoplasia and Metaplasia in its angular plications (Ambocoelia
Hall, 1859, has a nonplicate brachial valve).

Spinoplasia gaspensis Boucot (1959a, p. 18-19, pl. 2, figs. 14-
16) was based upon specimens from strata of New Scotland age
(upper Gedinnian) in southwestern Quebec. It is somewhat diffi-
cult to make a precise comparison of the Haragan shells with those
described by Boucot as the Gaspé material is not well preserved,
however, in so far as can be determined, these shells are similar in
size, outline, and ornamentation.

A Frisco representative of this genus, Spinoplasia oklabomensis
Amsden and Ventress is described in part I of this report. This
species is easily distinguished from S. gaspenmsis? by its larger size
and much better developed plications on both valves (compare figs.
1-9 of pl. XI to figs. 13-26 of pl. XXI). It is interesting to com-
pare the preservation of the Haragan specimens with that of those
from the Frisco Formation. Twelve of the 16 Haragan specimens
of §. gaspensis? are well-preserved articulated shells, and the free
valves show little evidence of abrasion or breakage (see free valve
illustrated on pl. XXI, figs. 17, 18). In contrast, all but one of the
Frisco specimens of S. oklabomensis are disarticulated (table 1) and
the free valves are considerably abraded and broken. A further
discussion of this topic may be found in part I, under Frisco strati-
graphy, Arbuckle Mountains region; see especially text-figure 5.

The present report expands the known geographic and strati-
graphic range of Spinoplasia. It is now reported from Helderbergian
strata of Gaspé, Quebec, and Helderbergian and Deerparkian strata
of Oklahoma.

Figured specimens.— Haragan Formation, southeast of White
Mound, Murray County, Oklahoma; near stratigraphic section M2
(Amsden, 1960, p. 235), numbers OU 3623-3626.

Distribution. — Boucot’s description was based upon specimens
from strata of New Scotland age in southwestern Gaspé, Quebec.
The Haragan collections include 16 specimens, all from stratigraphic
sections M4 (White Mound) and M2, Murray County, Oklahoma
(Amsden, 1960, p. 235, 238).
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Whittington, H. B. 194

Williams, A. 45, 71, 73, 74, 150, 151,
188

Wilson, C. W., Jr. 52, 54, 155, 194

Woodbury Creek Member 151, 152,
153, 154, 169

Woodford Formation 9, 10, 12, 13,
193

Worthen, A. H. 155, 156, 158, 184

Wright, A. D. 188

Wright, J. D. 161

PALEONTOLOGICAL INDEX

(Main references are in roman type)

Acrospirifer primaevus 108, 183

Amphigenia 154, 188, 190

A. cf. A. parva 190

A. curta 141, 142, 146, 147, 148, 154,
156, 158, 187-192, pls. X1V, XVII,
XX

A. elongata 154, 161, 190

A. preparva 154, 192

Amnastrophia 194

Ancillotoechia 194, 195

Anoplia 150, 200

A. nucleata 38, 82-85, 147, 150, 152,
154, 155, 158, 172-174, 201, pls. I,
X, XIIT, XX

Anopliopsis 200

A. belderbergiae 201

A. pygmaea, new species 193, 199.
201, pl. XXI

A. subcarinata 200

Atrypa oklabomensis 180

A. pleioplenra 15

A. sp. 46, 147, 155, 159, 179-180, pl.
XVIII

Atrypine 194

Beachia 46, 140

B. amplexa 140

B. new species 138-140, 147, pl. VIII

B. ovalis 135

B. suessana 57, 139, 140

B. thunii 140

Brachyprion majus 75

Brachyspirifer audaculus 186

B. cf. B. perimele 160

B.? bemicyclus 142, 158, 184, 185,
L XVII

Camarotoechia bialveata 194

C.2 f. C. dryope 100-101, pLIV

C. cf. C. sappho 155

C. congregata 102

“C.” sp. 101-102, pl. IIT

Centronella glansfagea 162

Chonetes? sp. 51, 78-79, 203, pIs. I,
XXI

C. antiopa 168

C. cf. C. nectus 160

C. hemisphericus 161

C. budsonicus 168

Chonetina 200

Chonostrophia 150, 194

C. complanata 36, 38, 78, 79-81, 147,
150, 152, 155, 203

C. complanata? 156, 170-171, 203,
pls. I, XIV, XX

C. belderbergia 81, 193, 202-203

C. lindenensis 202

C. reversa 152, 171, 203

Coelospira 46, 57

Costellirostra 88, 194

C. peculiaris 27, 30, 36, 38, 46, 51,
8791, pL III

C. singularis 88, 90

C. tennesseensis 90, 91

Costispirifer arenosus 30, 36, 38, 46,
51,111-114, 147, pL.V

C. planicostatus 113

C. unicus 155, 162

Cymostrophia patersoni 162

Cyrtina affinis 126

C. dalmani nana 126

C. beteroclyta 126

C. rostrata 32, 36, 37, 38, 46, 124-127,
oL VI

C. varia 126

Dalmanellz oriskaniz 68

Delthyris raricostus 14

Dyoros 201

Eatonia 46

E. pectliaris 14

Eleutberokomma 115

Eodevonaria 150, 167

E. acutiradiata 142, 152, 167-168, pl.
XV

E. arcuata 142, 152, 160, 167-168, pl.
XV

E. gaspensis 152, 168

E. intermedia, new species 147, 152,
155, 166-170, pls. XITI, XX

E. melonica 55, 152, 167-168

Eospirifer 45, 57

E. macropleurz 116

E. new species 115-117, pl. IV

E. radiatus 116

E. sergaensis 116

Etymothyris 154

Euryspirifer cf. E, atlanticus 160

Eurythyris 46

Favosites shriveri 14

Fenestella 14

Fimbrispirvifer 150, 154, 156

F, cf. F. divaricatus 147, 153, 155, 159,
162, 180-182, pl. XVIII

F. grier: 155, 181

F, venustus 181

Globothyris 46

Hipparionyx 46, 51, 57

Howellella 194

H. cycloptera 110

Hysterolites (Acrospirifer) 43, 108,
150

H. (A.) engelmanni 158, 184
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H. (A.) murchisoni 29, 31, 36, 37, 38,
43, 46, 51, 105-111, 147, pL. VI

H. (A.) worthenanus 141, 142, 154,
pl. XVII

H. (A.) worthenanus? 145, 147, 153,
156, 158, 182-187, pl. XV1

H. bhystericus 108

Isorthis 68

I. cf. L. propinqua 155

Janius 116

Kozlowskiellina (Megakozlowskielli-
na) new species 45, 57, 114-115, pl.

| 4

K. (M.) velata 115

Leptaena ingens 77

L. rhomboidalis 77

L.sp. 150, 155, 159, 166

L. ventricosz 29, 30, 31, 32, 35, 36,
38, 51, 76-78, 141, 147, 166, pl. I

Leptocoelia 46, 57, 178

L. acutiplicata 153, 178

L. flzbellites? 146, 148, 150, 153, 155,
156, 158, 161, 176-179, pls. XIV,
XX

L. propria 178

Leptostrophia becki tennesseensis 72

L. magnifica 12, 29, 30, 31, 32, 35,
38, 46, 51, 70-72, 147, pl. 11

L. oriskania 12, 14

Levenea sp. 36, 45, 66-68, pl. I

L. subcarinata 67, 68

Lissochonetes 200

Lissostrophia 73, 194

Meristella 120, 194

M. atoka 120

M. carinata 15, 36, 37, 51, 117-120,
124, pls. VII, X

M. lata 15, 57,120, 124, pl. X

"M.”? vascularia 15, 37, 121-124, pls.
IX, X

Metaplasia 45, 46, 57, 205

M. pyxidata 105, 155

Nanothyris 46

Notanoplia 201

N. anstralis 201

N. pbherista 201

Obturamentella 194

Oriskavia navicella 137

Ovriskania sinuata 27, 31, 35, 38, 46,
136-138, 147, pL. VII

Orthonychia plicatum 12

O. tortuosa 14

Orthostrophia 194

"0.” brownsporiensis 194

O. canadensis 194

“0.” dartae 194

*0.” dixoni 194

*0.”" newsomensis 194

0. strophomenoides 194

O. stropbomendoides parva 194, 195

Orthotetes becraftensis 15
Paeckelmanniinae 200
Paeckelmannia 200

P. polita 200

Paraspirifer acuminatus 155

Pegmarbynchia 46

Pentamerella arata 162

Pbhacops cristata 161

Pholidostrophia? lincklaeni 73, pl. XI

P.? sp. 72-73, pl. XI

Platyceras sp. 161

Platyorthis angusta 69

P. lucia 69

P. planoconvexa 69

P.? sp. 68-69, pl. I

Plectodonta 194

Plethorbyncha 95

P, cf. P. barrandi 38, 51, 92-96, pls.
v, XII

P. parvam 51, 98, 99

P. pleioplenra 95

P. praespeciosum 14

P. salinense 51, 98, 99, pl. XII

P. speciosum 94, 95, 100, pl. XII

P.? welleri 51, 94, 96-100, pls. II1, IV,
XIr

Plicoplasia 45, 46, 205

Prionothyris condoni 158

P. perovalis 27, 30, 46, 51, 134-136,
147, pl. V111

Protoleptostrophia 150, 165

P. blainvillei 147, 151, 155, 156, 159,
160, 164-165, pl. XIX

P. perplana 162, 165

Ouadrochonetes 200

Rensselaeria cf. R. elongata 14, 31-32,
36. 51, 129-132, 133, 134, 147, pl
X

R. marylandica 12, 14, 131, 132, 134

R. ovoides 131, 132

R.sp. 133-134. pl. VII

Rensselaerinag 34, 194

Rbipidomelloides alsa? 155

R. henrybousensis 64, 65

R. musculosus 14, 27, 29, 31, 32, 35,
36, 38, 46, 51, 62-66, pl. 1

R. musculosus arctisinuatus 65

R. musculosus solaris 160

R. oblatus 64, 65

Rbynchonella barrandi 15

R. speciosa 15

Rbhynchospirina attennata 129
R. rectirostva 129

R.? sp. 128-129, pl. IV
Schellwienellz 175

S.2 sp. 147, 152, 156, 174-176, pl
XIX

S. marcidula 176
Schizophoria 46

Schuchertellz becraftensis 38, 85-87,
147, pl. XI

§.sp. 153, 160, 176
Semenewia 201
Spinoplasia 45, 57, 104, 194, 205

S. gaspensis 100, 193, 204-205, pl.
XXI
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S. oklahomensis, new species 103-105,
147, 205, pl. XI
Spirifer angularis [Hysterolites
(Acrospirifer)] 109
S. arenosus 14
S. arrectus { Hysterolites
(Acrospirifer)) 108
. crenistria 175
. cumberlandiae {Hysterolites
(Acrospirifer)} 108
. divaricatus 14
. duodenarius 162
. engelmanni 142, 184
. bartleyi {Hysterolites
(Acrospirifer)} 109
. bemicyclus 184
. intermedius {Hysterolites
(Acrospirifer)} 108
. marcus 162
. murchisoni 14
. murchisoni marylandicus
{Hysterolites (Acrospirifer)} 109
. perdewsi {Hysterolites
(Acrospirifer)} 109
S. pyxidatus 15
S. tribuarius {Hysterolites
(Acrospirifer)} 109

L Lkl LY Lty

S. tribulus (Hysterolites
(Acrospirifer)} 108, 110

S. submucronatus {Hysterolites
(Acrospirifer)} 108

S. varicosus 162

S. worthenanus {Hysterolites
(Acrospirifer)} 141, 142, 154

Stricklandia elongata curta 142

Stropbodonta sp. 74-75, pl. 11

S. beck: 12

S.ct. S. bemisphaerica 155

S. lincklaeni 14, 15,72, 73

S. missouriensis 51

S. vascularia 14

Strophonella ample 162

S.sp. 14, 45,75, pl. Il

Stropbostylus sp. 161

Tentaculites sp. 144

Tornquistia 200

Trematospira multistriata 127

T.sp. 127-128, pl. IV

Trigonirbynchiaz 194

Uncinulus 99

U. parvus 15, 98

U. salinensis 15, 98

U, subwilsoni 99

U. welleri 16, 96, 98



217

PLATES I to XXI

The Frisco brachiopods are illustrated on plates I to XII (in-
cluding some specimens from the Little Saline Formation of Mis-
souri, and the Oriskany and Glenerie Formations of the eastern
United States). The Sallisaw brachiopods are illustrated on plates
XIII to XX (including some specimens from the Clear Creek For-
mation of Illinois and the Camden Formation of Tennessee). The
Haragan brachiopods are illustrated on plate XXI Almost all of
the Frisco, Sallisaw, and Haragan brachiopods described and illus-
trated in this report are in the paleontological collections of The
University of Oklahoma (catalog numbers indicated by the prefix
OU). The repositories of specimens which were borrowed from
other institutions are abbreviated as follows:

AMNH — American Museum of Natural History
IGS — Illinois Geological Survey
NYSM — New York State Museum
USNM — United States National Museum
WM — Walker Museum, University of Chicago
YPM — Peabody Museum, Yale University
The collecting localities and stratigraphic sections cited in the
plate explanations have been described in earlier reports (Appen-
dices, Amsden, 1960, 1961); brief descriptions of the locations are
given on pages 60-61, 163 of this report.
None of the figures has been retouched.
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Figures 1-4,

Figures 5-8.

Figure 9.

Figure 10.

Figures 11-15,

Figures 16, 17.

Figures 18-24.

PLATE I
Brachiopods from the Frisco Formation
Page
Anoplia nucleata (Hall). 82

1. Pedicle view, x5, locality P11, Pontotoc Co. (OU 3242).

2. Pedicle view, x5, locality S6, Sequoyah Co. (OU 3243).

3. Pedicle view, x5, locality V7, Pontotoc Co. (OU 3244).

4. Pedicle view, x5, locality P11, Pontotoc Co. (OU 3245).
Levenea sp. 66

5. Brachial view, x1, locality P11, Pontotoc Co. (OU 32406).
6. Pedicle view of a crushed specimen, x1, Pontotoc Co.
(0OU 3247).

7. Pedicle interior, x1, locality P11, Pontotoc Co.
(OU 3248).
8. Pedicle view of a slightly distorted specimen, x1, local-
ity P11, Pontotoc Co. (OU 3249).
Levenea? sp. Brachial view of a specimen referred with 66
g;;gt)ion to Levenea, x1, locality $5-B, Sequoyah Co. (OU
Chonetes? sp. Pedicle view, x3, locality S6, Sequoyah Co. 78
(OU 3251).
Chonostrophia complanata (Hall). 79
11, 15. Pedicle interior and exterior views of a partly ex-
gglsigged specimen, x3, locality S6, Sequoyah Co. (QOU
12, gggigcile exterior, x1, locality S6A, Sequoyah Co. (OU
13. Steinkern of a pedicle valve, x1, locality S6A, Sequo-
yah Co. (OU 3254).
14. Pedicle exterior of a partly exfoliated specimen, x3,
locality S6, Sequoyah Co. (OU 3255).
Platyorthis? sp. , 68
16. ?égzlr)xial view, x1, locality P11, Pontotoc Co. (OU
17. Brachial view of an incomplete valve, x1, locality
85-B, Sequoyah Co. (OU 3257).
Rbipidomelloides musculosus (Hall). 62
18, 19. Exterior (x1) and interior (slightly enlarged)
views of a pedicle valve, locality P8-H, Pontotoc Co.
(OU 3258).

20, 24. Exterior and interior views of pedicle valve, x1,
locality P8-H, Pontotoc Co. (QU 3259).

21. Brgghial exterior, x1, locality P11, Pontotoc Co. {(OU
3260).

22. Exterior view of a small pedicle valve with a slight
sulcus, x1, locality P11, Pontotoc Co. (OU 3261).

23. Pedicle view of a small specimen, x1, locality P11,
Pontotoc Co. (OU 3262).
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Figures 1-5.

Figures 6, 7.

Figure 8.

Figures 9-14.

PLATE 11

Brachiopods from the Frisco Formation

Leptostrophia magnifica (Hall).

1.
2.
3

4,
5.

Pedicle steinkern showing fan-shaped muscle scar, x1,
locality P8-H. Pontotoc Co. (OU 3263).

Enlarged surface view showing costellae, x5, locality
P11, Pontotoc Co. (OU 3264).

. Pedicle view, x1, locality P11, Pontotoc Co. (OU 3265).

Pedicle view of a small, partly exfoliated specimen, x1,
locality $5-B, Sequoyah Co. (OU 3266).

Pedicle view, x1, locality S5-B, Sequoyah Co. (OU
3267).

Strophodonta sp.

6.

7.

Pedicle view, x1, locality S10-B, Sequoyah Co. (OU
3268).
Pedicle view, x2, locality S8-C, Sequoyah Co. (OU
3269).

Strophonella sp.

8.

Fragment of a pedicle valve, x1, locality S5 {collected
by H. E. Christian), Sequoyah Co. (OU 3270).

Leptaena ventricosa (Hall).

9.

10.
11.

12,

Incomplete pedicle valve, x1, locality P9-R, Pontotoc
Co. (OU 3271).

Pedicle valve, x1, locality 6, Sequoyah Co. (OU 3272).

Pedicle valve, x1, locality P11, Pontotoc Co. (OU
3273).

13. Pedicle and lateral view of a nearly complete

. valve, x1, locality $1-B, Sequoyah Co. (OU 3274).

14,

Pedicle steinkern showing deeply impressed muscle
field, x1, locality S1 (collected by H. E. Christian),
Sequoyah Co. (OU 3275).
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Page
70

74

75

76
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Figures 1-15.

Figures 16-18.

Figures 19-26.

PLATE III

Brachiopods from the Frisco Formation

Costellirostra peculiaris (Conrad).

1.

2,

-

oo o» W

11,
12.

14.
15.

Pedicle view, x1, locality P11, Pontotoc Co. (OU
3283). .

5, 8. Brachial, pedicle, and lateral views of the same
specimen, x1, locality $6, Sequoyah Co. (OU 3284).
Pegisc)le view, x1, locality S§5-B, Sequoyah Co. (OU
3285).

7, 10. Pedicle, brachial, and lateral views of a small
specimen, x2, locality S6, Sequoyah Co. (OU 3286).
Pedicle view, x1. locality 86, Sequoyah Co. (OU 3287).
Enlarged view of the pedicle sulcus showing promi-
nent center rib (same as specimen shown in fig. 14),
x5, locality S§6, Sequoyah Co. (OU 3288).

13. Pedicle and anterior views of a small specimen,
x2, locality S6, Sequoyah Co. (OU 3289).

Lateral view, x1, locality P11, Pontotoc Co (OU
3290).

Anterior view of specimen shown in figure 9, x1.
Anterolateral view of a specimen showing the mar-
ginal crenulations, x2, locality P11, Pontotoc Co. (OU

3291).

“Camarotoechia” sp.

16.
17.

18.

Brachial view of a fragmentary specimen, x1, locality
$1-B, Sequoyah Co. (OU 3292).

Brachial view, x1, locality SG, Sequoyah Co. (OU
3293).

Brachial view of a large valve, x1, locality S8-C, Se-
quoyah Co. (OU 3294),

Plethorbyncha? welleri (Stewart).

19,
20.
21.
22,

23,

24.

26. Anterior and pedicle views of an incomplete
valve, x1, locality P11, Pontotoc Co. (OU 3295),
Partly exfoliated brachial valve, x1, locality $8-C, Se-
quoyah Co. (OU 3296).

Lateral view of a pedicle valve showing marginal ser-
rations, x1, locality P11, Pontotoc Co. (OU 3297).
Pedicle view, x1, locality S1, Sequoyah Co. (OU
3298).

25. Lateral and brachial views, x1, (cast of specimen
which was serially sectioned; see text-fig. 31), locality
P11, Pontotoc Co. (OU 3299).

Pedicle view, x1, locality $1-B, Sequoyah Co. (OU
3300).

Other views of P. ? welleri on plates IV and XII.

Page
87

101

96
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Figures 1-3.

Figure 4.

Figures 5-10.

Figure 11.

Figures 12-15.

Figures 16, 17.

PLATE IV

Brachiopods from the Frisco Formation

Camarotoechia? cf. C. dryope (Billings). Anterior, brach-
jal, and pedicle views of a nearly complete shell, x1, lo-
cality P10-V, Pontotoc Co. (OU 3302).

Rhbynchospirina? sp. Pedicle view of an incomplete speci-
men, x1, locality P9, Pontotoc Co. (OU 3303).

Plethorbyncha cf. P. barrandi (Hall).

5, 6, 9. Posterior, pedicle, and lateral views of an in-
complete pedicle valve, x1, locality P8-H, Pontotoc
Co. (OU 3305).

7. Enlarged surface view showing the closely spaced
gtowth lamellae along the lateral margins of a large

rachial valve, x4, locality P10, Pontotoc Co. (OU
3300).
8. Large pedicle valve, x1, locality P10, Pontotoc Co.
- (OU 3307).
10. Large brachial valve, x1, locality P11, Pontotoc Co.
(OU 3308).

One of Hall’s type specimens of P. barrandi is illustrated
on plate XII, figure 7.

Trematospira sp. Pedicle valve, x1, locality P11, Pontotoc
Co. (OU 3312).

Eospirifer new species.

12. Fragment of a free brachial valve, x1, locality $5-B,
Sequoyah Co. (OU 3309).

13. Nearly complete pedicle valve, x1, locality S6, Se-
quoyah Co. (OU 3310).

14. Enlarged view, x5, of surface showing fine costellae
(this is an exfoliated fragment from the specimen
shown in fig. 15), x5, locality S5 (collected by H. E.
Christian), Sequoyah Co. (OU 3311).

15. Nearly complete brachial valve, x1 (surface ornamen-
tation of this specimen largely lost by exfoliation,
but a trace remains on lower left side; fig. 14 is an
enlarged detail of this surface), same locality and cata-
log number as figure 14.

Plethorbyncha? welleri (Stewart). Lateral and brachial

views of an incomplete valve, x1, locality P11, Pontotoc

Co. (OU 3301).

Other views of P.? welleri on plates III and XIIL
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115
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Figures 1, 2,

Figures 3-11.

PLATE V

Brachiopods from the Frisco Formation

Page

Kozlowskiellina (Megakozlowskiellina) new species. Pedi- 114
cle (x1) and enlarged surface (x5) views of a nearly com-
plete valve, locality P11, Pontotoc Co. (OU 3313).

Costispirifer arenosus (Conrad).

3.
4.
5.

92

10.

Pedi4cle view, x1, locality S8-C, Sequoyah Co. (OU
3324).

Pedicle view, x2, locality S$8-C, Sequoyah Co. (OQU
3930).

Small pedicle valve, x2, locality S1-B, Sequoyah Co.
(OU 3931).

Nearly complete brachial valve, x1, locality S1-B,
Sequoyah Co. (OU 3323).

Small pedicle valve, x1, locality S8-C, Sequoyah Co.
(OU 3322).

Partly crushed pedicle valve, x1, locality $5-B, Se-
quoyah Co. (OU 3320).

11. Brachial (x1) and enlarged surface (x5) views of
one of the larger specimens collected, locality P8.-H,
Pontotoc Co. (OU 3321).

Partly exfoliated brachial valve, x1, locality P11, Pon-
totac Co. (OU 3325).

111



BULLETIN 94 PLATE V

OKLAHOMA GEOLOGICAL SURVEY




OKLAHOMA GEOLOGICAL SURVEY

BULLETIN %4 PLATE VI




Figures 1, 2.

Figures 3-18.

PLATE VI

Brachiopods from the Glenerie and Frisco Formations

Hysterolites (Acrospirifer) murchison: (Castelnau}.

1.

2.

Pedicle interior, x2, Glenerie Formation, New York
State Highway 9W, 1 mile north of Glenerie and 1
mile south of Cockburn, New York (USNM 139219a).

Brachial interior, x2, same formation and locality as
figure 1 (USNM 139219b).

Hysterolites (Acrospirifer) murchisoni (Castelnau). All
from the Frisco Formation, Oklahoma.

3,
5.
6.

10.
11.
12.
13.
14.
15.
16.
17.

18.

4. Two enlarged surface views, x5, x8, of the speci-
men shown in figure 9.

Incomplete brachial valve, x1, locality S5, Sequoyah
Co. (OU 3330) (collected by H. E. Christian).

Fragment of a brachial valve, xI, locality SG6, Se-
quoyah Co. (OU 3331).

Incomplete brachial valve, x1, locality P11-C, Pon-
totoc Co. (OU 3335).

Small brachial valve, x1, locality S6, Sequoyah Co.
(OU 33306).

Pedicle valve, x1. locality S1-B, Sequoyah Co. (OU
3328).

Pedicle interior, x1 (rubber cast of a pedicle stein-
kern), locality P11, Pontotoc Co. (OU 3332).
ggd{igc)le view, x2, locality P11, Pontotoc Co. (OU
3338).

Pedicle valve, x1, locality $5-B, Sequoyah Co. (OU
3334).

Fragmentary brachial valve, x1, locality S1-B, Se-
quovyah Co (OU 3329).

Pegicle valve, x1, locality P9-R, Pontotoc Co. (OU
3340).

I;egic)le view, x1, locality 86, Sequoyah Co. (OU
3341).

Posterior view of an articulated shell, x1, locality
P8-H, Pontotoc Co. (OU 3342).

Pedicle view of one of the larger specimens collected,
x1, locality P8-H, Pontotoc Co. (OU 3343).

la)gc/ﬂc)le valve, x1, locality P8-H, Pontotoc Co. (OU
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Figures 1-G.

Figures 7-18.

Figures 19-21.

PLATE VII

Brachiopods from the Frisco Formation

Ovriskania sinnata Clarke.

L

3.

5,

2, 4. Pedicle, lateral, and posterior views of a nearly
complete shell, x2, locality ‘P11, Pontotoc Co. (OU
3345).

Slightly oblique view of pedicle interior showing den-
tal plates, x2, locality P11, Pontotoc Co. (OU 3346).
6. Brachial cardinalia viewed from directly above

and from the posterior, x3, locality P11, Pontotoc Co.
(OU 3347).

Meristella carinata Stewart.

7
8.
9,
11
12.
13.
14.
15.
16.

17.

18. Brachial and lateral views of a free brachial
valve, x1, locality P11, Pontotoc Co. (OU 3348).

Lateral view of a brachial valve, x1, locality V7, Pon-
totoc Co. (OU 3349).

10. Lateral and brachial views of a free valve, x1,
locality §10-C, Sequoyah Co. (OU 3350).

Small pedicle valve, x1, locality P11, Pontotoc Co.
(OU 3351).

Ped;c)le steinkern, x1, locality P11, Pontotoc Co. (QOU
3352).

Incomplete pedicle valve, x1, locality P11, Pontotoc
Co. (OU 3353).

Partly exfoliated brachial valve, x1, Iocality S1-B,
Sequoyah Co. (OU 3354).

I;(;csiisc)le valve, x1, locality $10-C, Sequoyah Co. {OU
ggts:{ié:)le valve, x1, locality P11, Pontotoc Co. (OU

-Anterior view of a free pedicle valve, x1, locality

P8-H, Pontotoc Co. (OU 3357).

Stewart’s type specimens of M. carinata from the Little
Saline Formation of Missouri are illustrated on plate X,
figures 4-12.

Reunsselaeria sp.

19,

20.

21. Posterior and lateral views of a nearly complete
specimen, x1, collected from the rim of the St. Clair
Lime Co. quarry, SEV4 SEl4 NEl4 sec. 14, T. 13 N,,
R. 23 E., Sequoyah Co. (OU 3358).

Lateral view of second nearly complete specimen,
from a core, Smith Bros. No. 1 Kytle-Ray, depth
4,930 feet, SWl4 NEV; NW1; sec. 36, T. 8 N, R.
2 E., Pottawatomie Co. (OU 1233). See Amsden and
Huffman, 1958, page 73.

Page
136

117

133



BULLETIN 94 PLATE VII

OKLAHOMA GECLOGICAL SURVEY




BULLETIN 94 PLATE VIII

OKLAHOMA GEOLOGICAL SURVEY




Figures 1-5.

Figures 6-14.

Figures 15-23.

PLATE VIII

Brachiopods from the Frisco Formation

Prionothyris perovalis Cloud.
1, 2, 3, 5. Pedicle, lateral, brachial, and posterior views

of a nearly complete shell, x1, locality P11, Pontotoc
Co. (OU 3359).

4. Steinkern of the posterior end of a pedicle valve, x1,

locality P10, Pontotoc Co. (OU 3360).

Beachia new species.

6.

7.

8,

10,

12.

14.

Partly exfoliated pedicle valve, x1, locality 56, Se-
quoyah Co. (OU 3361).

Partly exfoliated brachial valve, x1 (cast of a speci-
men which was serially sectioned; see text-fig. 42), lo-
cality S6, Sequoyah Co. (OU 3362).

13. Latera! and pedicle views of a free valve, x1
(note faint costellae near anterior end), locality S6,
Sequoyah Co. (OU 3363).

Pedicle valve, x1, locality S6, Sequoyah Co. (OU
3364).

11. Pedicle steinkern, x2 (fig. 11 is an oblique view
to show the traces of the dental plates), locality SG6,
Sequoyah Co. (OU 3365).

Pedicle valve enlarged to show faint costellae near
front margin, x2, locality S6, Sequoyah Co. (OU
3376).

Pedicle valve, x1, locality S$6, Sequoyah Co. (OU
3366).

Cyrtina rostrata (Hall).

15.
16.
17.
18.
19.
20.

21.

22.

23,

Incomplete brachial valve, x1, locality P8-H, Pontotoc
Co. (OU 3367).

Pedicle valve, x1, locality P11, Pontotoc Co. (OU
3368).

Pedicle valve, x1, locality P11, Pontotoc Co. (OU
3369).

Incomplete brachial valve, x1, locality P11, Pontotoc
Co. (OU 3370).

Small brachial valve, x1, locality P11. Ponrotoc Co.
(OU 3371).

Brachial valve, x1, locality P11, Pontotoc Co. (OU
3372).

Paraloidion peel of a pedicle valve showing the struc-
ture in the spondylial cavity (see also text-fig. 39),
approximately x10, locality P8-H, Pontotoc Co. (OU
3373). :

Pedicle palintrope showing strongly arched “deltidi-
um,” x2, locality P11, Pontotoc Co. (OU 3374).

Posterior view of pedicle valve showing median ridge
in the spondylial cavity (“deltidium” removed to
show the interior), x2, locality P8-H, Pontotoc Co.
(OU 3375).
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Figures 1-12.

Figures 13-17.

Figure 18.

PLATE IX

Brachiopods from the Frisco Formation

Rensselaeria cf. R, elongata (Conrad).

1. Interior view of the posterior end of an incomplete
pedicle valve, x1, locality P11, Pontotoc Co. (OU
3377).

2. Brachial cardinalia, x1, locality P11, Pontotoc Co.
(OU 3378).

3. Exfoliated and incomplete brachial valve, x1, locality
P10-V, Pontotoc Co. (OU 3379).

4. Posterior view of brachial valve showing the greatly
thickened cardinalia, x1, locality, S1-B, Sequoyah Co.
(OU 3381).

5, 6. Brachial and lateral views of an incomplete artic-
ulated shell, x1, locality V7, Pontotoc Co. (OU 3382).

7, 8. Lateral and pedicle views of a nearly complete
valve, x1, west rim of St. Clair Lime Co. quarry,
SEl4 SEV4 NEY; sec. 14, T. 13 N., R. 23 E,, Sequoyah
Co. (OU 3380). .

9. Posterior end of an incomplete brachial valve, xI,
locality S1-B. Sequoyah Co. (QU 3383).

10. Posterior end of a fragmentary and deeply exfoliated
ped‘i4cle valve, x1, locality S1-B, Sequoyah Co. (QU
3384).

I1. Pedicle steinkern, x1, locality P11, Pontotoc Co. (OU
3385).

12. Enlarged surface view showing costellae (umbonal
region), x5, locality P11, Pontotoc Co. (OU 3386).

“Meristella” vascularia? Clarke.

13, 14. Lateral and pedicle views of a free valve, xI,
locality S8-C, Sequoyah Co. (QU 3388).

15, 16. Enlarged surface (x5) and brachial (x1) views of
a partly exfoliated valve, locality $10-B, Sequoyah Co.
(OU 3389).

17. Large pedicle valve, x1, locality S1-B, Sequoyah Co.
(OU 3390).

Clarke’s type specimens of “Meristells"” vascularia from
the Oriskany Formation are illustrated on plate X,
figures 1-3.

Typical Frisco bedding-plane surface showing the abund-

ant, fragmentary fossil debris, x1, locality $6-A, Sequoyah

Co. See also text-figure GA.
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PLATE X

Brachiopods from the Oriskany, Glenerie, and Little Saline Formations

Figures 1-3.

Figures 4-12.

Figures 13-16.

Figures 17-23.

Meristella? vascularia Clarke. These are the original specimens figured

by Clarke (1900, pl. 6, figs. 12-14), from the Oriskany Sandstone, Be-

craft Mountain, Columbia Co., New York. They are in the New York

State Museum, Albany, New York.

1. Pedicle steinkern, x1 (specimen illustrated by Clarke, pl. 6, fig. 13,
bearing NYSM 1570 and a red sticker, ptesumably indicating the
holotype).

2. Pedicle steinkern, x1 (specimen illustrated by Clarke, pl. 6, fig. 12,
NYSM 1569).

3, Partially exfoliated pedicle valve showing faint costellae on the an-
terior part, x1 (specimen illustrated by Clarke, pl. 6, fig. 14, NYSM
1571).

Plaster casts of these specimens are in The University of Oklahoma col-

lections (OU 3392-3394). Frisco specimens of “M.” vascularia? Clarke

are illustrated on plate IX, figures 13-17.

Meristella carinata Stewart. These are the original specimens illustrated
by Stewart (1922, pl. 66, figs. 12-21) from the “lower beds” of the Little
Saline Limestone, Little Saline Creek, Ste. Genevieve Co., Missouri. They
are in the Walker Museum, University of Chicago.

4, 5, 8, 10, 11. Brachial, pedicle, anterior, lateral, and posterior
views of the holotype, x1 (specimen illustrated by Stewart, pl. G6,
fig. 17, WM 27491A).

6. Posterior view, x1 (illustrated by Stewart, pl. 66, fig. 15, WM
27491B).

7. Brzchial valve, x1 (illustrated by Stewart, pl. 66, fig. 13, WM
27491).

9. Brzchial valve, x1 (illustrated by Stewart, pl 66, fig. 12, WM
27491).

12. Pedicle interior, x1 (rubber cast of the steinkern illustrated by
Stewart, pl. 66, fig. 18, WM 27491).

Plaster casts of these specimens are in The University of Oklahoma

collections, (OU 3395-3399). Frisco specimens of M. carinata Stewart

are illustrated on plate VII, figures 7-18.

Anoplia nuclesta (Hall). Specimens from the Glenerie Limestone,

New York State Highway 9W, 1 mile north of Glenerie, and 1 mile

south of Cockburn, New York; they are in the collections of the U. 8.

National Museum.

13, 14, 15. Posterior, interior, and exterior views of a pedicle valve,
x3 (USNM 138795).

16. Brachial interior, x3 (USNM 138796).

Frisco specimens of A. nucleata (Hall) are illustrated on plate I, figures
1-4; Sallisaw specimens on plate XIII, figures 16-24; a Clear Creek
specimen on plate XX, figure 9.

Meristellz lata Hall. These are the original specimens illustrated by
Hall (1859, pl. 101, figs. 3a-m) from the Oriskany Sandstone, Knox,
Albany Co., New York. They are in the American Museum of Natural
History.

17, 18, 19, 20, 21. Posterior, pedicle, lateral, brachial, {x1) and en-
larged surface (x5) views of the holotype (illustrated by Hall, plL
101, figs. 3b-e, AMNH 2671/1).

22. Brachial cardinalia. x1 (rubber-cast of the steinkern illustrated by
Hall, pl. 101, figs. 3L,m, AMNH 2671/1).

23, Pedicle interior, x1 (rubber cast of the steinkern illustrated by
Hall, pl. 101, figs. 3g;h, AMNH 2671/1).

Plaster casts of these specimens are in The University of Oklahoma

collections (OU 3403-3405).
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Figures 1-9.

Figures 10-15.

Figures 16-20.

Figures 21, 23.

Figure 22.

PLATE XI

Brachiopods from the Frisco and Oriskany Formations

Spinoplasia oklahomensis Amsden and ‘Ventress, new species, Frisco
Formation, Oklahoma.

1. 3. Pedicle (x2) and enlarged: surface (x5) views of the holotype, lo-
cality P9, Pontotoc Co. (OU 3934).

Fragment of an exfoliated pedicle valve, x3, locality P11, Pontotoc
Co. (OU 3314).

Exfoliated brachial valve, x2, locality P11, Pontotoc Co. (OU 3315).
Small; exfoliated pedicle valve, x3, locality P11, Pontotoc Co. (QU
3317).

8, 9. Brachial (x2), posterior (x2), and brachial (x1) views of an
articulated shell, locality P9, Pontotoc Co. (OU 3316).

7. Small pedicle valve, x3, locality P11, Pontotoc Co. (OU 3935).

Scbacbertella‘becmftemz's (Clarke), Frisco Formation, Oklahoma.

10, 11.. Pedicle and posterior views of an incomplete valve, x2, locality
58-C, Sequoyah Co. (QU 3936).

12. Pedicle steinkern, x2, locality $8-C, Sequoyah Co. (OU 3937).

13. Brachial valve, x2, locality $8-C, Sequoyah Co. (OU 3938).

14, 15. Lateral and pedicle views of a small valve, x2, locality $8-C,
Sequoyah Co. (OU 3939).

Schuchertella becraftensis (Clarke). These are Clarke’s type specimens
from the Oriskany Formation, Becraft Mountain, Hudson, New York.
The specimens illustrated in figures 16 and 19 are silicified valves, the
others are wax casts of external and internal molds (originals not avail-
ablé). All specimens are in the New York State Museum, Albany,
New York. _ _

16. Brachial interior (slightly oblique view), x3 (figured by Clarke,
1900, pl. 7, fig. 25, NYSM 1661).

17. Brachial valve, x1 (not figured by Clarke, NYSM 1659).

18. Brachial interior, x2 (figured by Clarke, 1900, pl. 7, fig. 22,

 NYSM 1665). ‘

19. Posterior view of a pedicle valve, x2 (figured by Clarke, 1900, pl.
7, fig. 27, NYSM 1669).

20. Small slab with specimens of Schuchertella ‘befraftensis and Ano-
plia nucleata, x2 (pedicle valve in upper right may be the one fig-
ured by Clarke, 1900, pl. 7, fig. 20;" other two specimens are
brachial valves, NYSM 1663).

Pholidostrophia? sp. Frisco Formation, Oklahoma.

21. Incomplete pedicle valve showing the smooth exterior, x1, locality
86, Sequoyah Co. (OU 3940).
23. Brachial interior with anterior portion of shell broken away to
show an external mold of the surface, x1 (specimen collected by
C. O. Dunbar from the Frisco Formation near Marble City; original
at Peabody Museum, Yale University, YPM 21751: a cast of this
valve is in The University of Oklahoma collections, OU 3941).
Pholidostrophia? lincklaeni (Clarke) [not Hall, 1859]. This is the speci-
men figured by Clarke, 1900, plate 7, figure 37; from the Oriskany For-
mation, Becraft Mountain, Hudson. New York. Brachial interior of a
specimen partly exfoliated on the right side to show an external mold
of the outer surface. x1 (NYSM 1468). A cast of this specimen is in

A W N

-

' The University-of Oklahoma collections (OU 3942).
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PLATE XII

Brachiopods from the Little Saline and Oriskany Formations

Figures 1-3.

Figures 4-6,

Figure 7.

Figures 8-13.

Plethorbyncha? welleri (Stewart). This is the holotype
from the Little Saline Limestone, Little Saline Creek, Mis-
souri. Posterior, anterior, and pedicle views of the holo-
type, x1 (figured by Stewart, 1922, pl. 63, fig. 13, WM
27465A).

Frisco specimens of P.? welleri are illustrated on plate III.

Plethorbyncha? salinensis (Stewart). This is the holotype,
from the Little Saline Limestone, Little Saline Creek, Mis-
souri. Brachial, pedicle, and anterior views of the holo-
type, x1 (figured by Stewart, 1922, pl. 63, figs. 8, 9, WM
27464A).

Plethorbyncha barrandi (Hall). Rubber cast of the poste-
rior portion of Hall’s type specimen (a steinkern) from
the Oriskany Formation, Knox, Albany Co., New York.
Brachial cardinalia, x2 (probably the specimen illuscrated
by Hall, 1859, pl. 103, figs. 5, 6, 7, AMNH 2675).

Frisco specimens of Plethorbyncha cf. P. barrandi are illus-
trated on plate IV, figures 5-10.

Plethorhyncha speciosum (Hall). These are Hall’s type
specimens from the Oriskany Formation, Cumberland,
Maryland (this is the type species of Plethorbyncha). All
of these specimens are at the American Museum of Nat-
ural History and bear AMNH 2734.

8. Pedicle interior, x1 (specimen figured by Hall, 1859,
pl. 103A, fig. 4a).

9, 10. Two views of the brachial cardinalia, x2 (speci-
men figured by Hall, 1859, pl. 1034, figs. 6a,b).

11, 12, 13. Pedicle, anterior, and lateral views of the
lectotype, x1 (this is the specimen figured by Hall,
1859, pl. 103A, figs. 2a-d; the posterior end of this
specimen has been broken since the illustration was
prepared for Hall; herein designated the lectotype).
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Figures 1-15.

Figures 16-24.

PLATE XIl

Brachiopods from the Sallisaw Formation

Eodevonaria intermedia Amsden, new species.
1. Posterior portion of a brachial interior; rubber cast of a chert
mold, x6, locality $10-D (OU 4354).
2. Pedicle exterior; rubber cast of a chert mold, x1, locality $10-D
(OU 4353).
Posterior view of a pedicle steinkern, x1, locality §10-D (QU 4358).
6. Pedicle exterior (x1) and enlarged surface (x3) views, locality
S10-D (OU 4359).
5. Pedicle exterior showing cardinal spine; rubber cast of a chert
mold, x2, locality S10-D (OU 4355).
7. Brachial interior; rubber cast of a chert mold, x2, locality $10-D
(OU 4355),
8, 9, 12. Pedicle and posterior views (x1) of a pedicle steinkern, and
a rubber cast (x2) of this steinkern, locality $10-D (OU 4357).
10. Pedicle view of a partly exfoliated specimen from the arenaceous
limestone facies of the Sallisaw, x1, locality S10-D (OU 4356).
11, 14. Enlarged surface (x3) and pedicle (x1) views of the holotype;
rubber cast of a chert mold, locality $10-D (OU 4352).

13. Pedicle exterior; rubber cast of a chert mold, x1, locality S10-D
(OU 4355),

15. Oblique view of pedicle interior; rubber cast of a chert mold, x2
(OU 4360) (collected by H. E. Christian, SW14 SEL; NEL; sec. 22,
T.13 N, R. 23 E.).

A specimen from the Camden Formation of Tennessee, provisionally re-

ferred to this species, is illustrated on plate XX, figure 10. Compare

with the Onondaga specimens of Eodevonaria acutiradiata (Hall) and

E. arcuata (Hall) illustrated on plate XV.

Anoplia nucleata (Hall).

16. Pedicle interior; rubber cast of a chert mold, x5 (OU 4361) (col-
lected by H. E. Christian, NEl4 NEl4 sec. 22, T. 13 N, R. 23 E,,
Sequoyah Co.).

17. Brachial interior; rubber cast of a chert mold, x5 (OU 4362) (col-
lected by H. E. Christian, SW14 SEl; NEl4 sec. 22, T. 13 N,, R.
23 E., Sequoyah Co.).

18. Brachial interior; rubber cast of a chert mold, x5, locality $10-D
(OU 4385).

19. Pedicle interior; rubber cast of a chert mold, x5 (QU 4362) (col-
lected by H. E. Christian, same locality as fig. 17).

20. Pedicle steinkern, x5, locality $10-D (OU 4358).

21. Pedicle exterior, x5, locality S10-D (OU 4362),

22. Pedicle interior; rubber cast of a chert mold, x3, locality S10-D
(OU 4363).

23. Pedicle exterior; rubber cast of a chert mold, x5 (OU 4362) (col-
lected by H. E. Christian, same locality as fig. 17).

24. Pedicle view, x5 (QU 4364) (collected by H. E. Christian near S10;
see also pl. X VI, fig. 16).

A specimen of A. nucleate from the Clear Creek Formation of Illinois

is illustrated on plate XX, figure 9; specimens from the Frisco Forma-

tion are illustrated on plate I, figures 1-4; specimens from the Glenerie

Formation of New York are illustrated on plate X, figures 13-16.
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Figures 1-10.

Figures 11-21.

Figures 22-25.
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PLATE XIV

Brachiopods from the Sallisaw Formation

Leptocoelia flabellites? {Conrad).
1. Pedicle view, x1, locality $10-D (OU 4365).
2. zegigle interior; rubber cast of a steinkern, x1, locality S10-D (OU
366).

3, 4, 5. Posterior, pedicle, and brachial views of a small articulated
shell, x2 (OU 4367) (collected by H. E. Christian, NEL; NEY4 sec.
22, T. 13 N,, R. 23 E., Sequoyah Co.).

E;g(él)lia[ view on an incomplete valve, x1, locality S10-D (OU

Brachial view, x1, locality $10-D (OU 4369).

Brachial steinkern, x2, locality $10-D (OU 4370).

Pedicle exterior view, x1, locality $10-D (OU 4371).

Brachial interior; rubber cast of a steinkern, x2, locality S10-D

(OU 4372).

Specimeas of L. flabellites? (Conrad) from the Camden Formation of

western Tennessee and the Clear Creek Formation of Illinois are illus-

trated on plate XX, figures 11-17.

Amphigenia curta (Meek and Worthen).

11. Posterior portion of a brachial valve, x2 (OU 4373) (collected by
g. )E Christian, NE14 NE4 sec. 22, T. 13 N, R. 23 E,, Sequoyah

0.).

12. Brachial valve, x1, locality $10-D (OU 4374).

13. Posterior end of a pedicle valve, x2 (OU 4375) (collected by H. E.
Christian, same locality as fig. 11).

14. Pedicle interior; rubber cast of a silicified steinkern, x1 (OU 4376)
(collected by H. E. Christian, same locality as fig. 11).

15. Posterior portion of a pedicle valve, x1, locality S4-D (OU 4377).

16. Fragmentary pedicle valve, x1, locality S10-D (OU 4378).

17. Posterior portion of a brachial interior; rubber cast of a silicified
steinkern, x2, locality $3 (OU 4379).

18. Posterior portion of a brachial valve, x1, locality S11-D (OU 4380).

19. Brachial steinkern, x1, locality $5-D (OU 4381).

20. Posterior portion of a pedicle valve, x1 (OU 4382) (collected by
H. E. Christian, same locality as fig. 11).

21. Incomplete and partly exfoliated brachial valve, x1, locality $10-D
(OU 4383).

Meek and Worthen’s type specimens of A. curta are illustrated on plate

XVII, figures 1-7. Specimens from the Camden Formation are illus-

trated on plate XX, figures 1-7; another Sallisaw specimen is illustrated

on plate XX, figure 8.

Chonostrophia complanata? (Hall).

22, 25. Two external views of a pedicle valve; rubber cast of a chert
mold, x4.5 and x2, locality $10-D (OU 4384).

23. Pedicle view; rubber cast of a chert mold, x2, near locality S10
(OU 4364) (note specimens of Hysterolites (A.) worthenanus? and
Anoplia nucleata; see pl. XVI, fig. 16).

24. Pedicle interior; rubber cast of a chert mold, x3, locality S10-D
(OU 4385).

Specimens of C. complanata? from the Camden Formation of Tennessee

are illustrated on plate XX, figures 18, 19; specimens from the Frisco

Formation on plate I, figures 11-15.
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Figures 1-6.

Figures 7-17.

PLATE XV

Eodevonaria acutiradiata (Hall) and E. arcuata (Hall) from the
Onondaga Formation of New York

Eodevonaria acutiradiata (Hall). These specimens are in the Hall col-

lection at the American Museum of Natural History. The specimens

shown in figures 1, 2, 5, 6 were illustrated by Hall in 1867.

1. Rock slab, x1, with two specimens figured by Hall ( 1867, pl. 20,
figs. 5a, 5b, 5c), “Upper Helderberg limestone” (Onondaga Lime-
stone), East Buffalo, New York (AMNH 3046/1).

2. Pedicle view, x2, of a specimen illustrated by Hall (1867, pl. 20,
fig. 5b). This is the specimen shown in the upper left hand corner
of figure 1.

3, 4. Lateral and pedicle views, x2, of a specimen from the Onondaga
Limestone, Williamsville, N. Y., (in the Hall collections of the
American Museum, but it is not known to have been figured previ-
ously).

5, 6. Enlarged surface (x3) and pedicle (x2.5) views of a specimen il-
lustrated by Hall (1867, pl. 20, figs. 5a, 5¢). This is the specimen
just left of center in figure 1.

Eodevonaria arcuata (Hall). These specimens are in the Hall collec-
tions at the American Museum of Natural History. Those shown in
figures 7-16 were illustrated by Hall in 1867 (pl. 20, figs. 7a-7f).

7, 10, 12. Pedicle {x1), enlarged surface (x3) and lateral (x1) views
of a specimen illustrated by Hall (1867, pl. 20, figs. 7¢,d), “Upper
Helderberg limestone” (Onondaga Limestone), Williamsville, New
York (AMNH 3049/2).

8, 9. Posterior and pedicle views, x1, of the steinkern illustrated by
Hall (1867, pl. 20, figs. 7e(f), “Upper Helderberg limestone”
(Onondaga Limestone), Clarence Hollow, New York (AMNH
3049/1; see also fig. 16).

11, 13, 15. Posterior, lateral, and pedicle views, x1, of the specimen
illustrated by Hall (1867, pl. 20, fig. 7b), "“Upper Helderberg
limestone” (Onondaga Limestone), Williamsville, New York
(AMNH 3049/2).

14. Brachial view, x1, of a specimen figured by Hall (1867, pl. 20,
fig. 7a), “Upper Helderberg limestone” (Onondaga Limestone),
Williamsville, New York (AMNH 3049/2).

16. Rubber cast, x2, of the steinkern illustrated in figures 8, 9.

17. Pedicle view, x2_ of a specimen showing the hinge spines (specimen
included with Hall’s figured specimens but it was not illustrated

in 1867), “Upper Helderberg limestone” (Onondaga Limestone),
Clarence Hollow, New York (AMNH 3049/1).
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Figures 1-16.

PLATE XVI

Brachiopods from the Sallisaw Formation

Hysterolites (Acrospirifer) worthenanus? (Schuchert).

1.
2.

3.

10.
11.
12.
13.
14.
15.

16.

Pedicle view; rubber cast of an external chert mold,
x1, locality S10 (OU 4385).
Pedicle interior; rubber cast of a steinkern, x2, locality

S10 (OU 4355).

Pedicle view of a partly exfoliated specimen from the
arenaceous carbonate facies, x1, locality $10-D (OU
4388).

Brachial view; rubber cast of an external chert mold,
x1, locality S8 (OU 4362).

Brachial view of an incomplete valve from the aren-
aceous carbonate facies, x1, locality $10-D (OU 4389).

Small pedicle valve from the arenaceous carbonate
facies, x1, locality S10-D (OU 4390).

Pedicle interior; rubber cast of a steinkern, x2, locality
S10 (OU 4391).

Enlarged surface view; rubber cast of an external
chert mold, x12, locality S8 (OU 4362).

Exfoliated pedicle valve from the arenaceous carbon-
ate facies, x1, locality $10-D (OU 4392).

Large brachial steinkern; chert facies, x1, locality S10
(OU 4393).

Brachial view; rubber cast of an external chert mold,
x2, locality $10 (OU 4394).

Brachial interior; rubber cast of a steinkern, x5, lo-
cality S10 (OU 4395).

Brachial interior: rubber cast of a steinkern, x5, lo-
cality S10 (OU 4352).

Pedicle valve from the arenaceous carbonate facies,
x1, S10-D (OU 4396).

Pedicle interior; rubber cast of a steinkern, x6, local-
ity $10 (OU 4355).

Rubber cast, x4, of a chert block showing a pedicle
interior and two pedicle exteriors (note also speci-
mens of Chonostrophia complanata? and Anoplia
nucleata; see pl. XIII, fig. 24 and pl. XIV, fig. 23),
near S10 (OU 4364).

The type specimens of H. (A.) worthenanus from the
Clear Creek Chert of Illinois are illustrated on plate XVII,
figures 13-21.
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PLATE XVII

Brachiopods 'from the Clear Creek Formation

These are Meek and Worthen’s type specimens from the Clear Creek Formation of Illj-
nois. They were described in volume 3, Geology and Paleontology, Geological Survey
of Illinois (1868), and are in the collections of the Illinois Geological Survey.

Figures 1-7.

Figures 8-12,

Figures 13.21.

Amphigenia curta (Meek and Worthen).

1, 3. Brachial and posterior views, x1, of a steinkern figured by
Meek and Worthen (pl. 8, fig. la).

2. Rubber cast, x1, of the steinkern illustrated in figures 1, 3.
4. Rubber cast, x1, of the steinkern illustrated in figures 5-7,

5-7. Lateral, brachial, and posterior views, x1, of the steinkern illus-
trated by Meek and Worthen (pl. 8, figs. 1b,c); this specimen is
herein designated the lectotype.

Both of these steinkerns are from the “Devonian, Oriskany [sic}, Union
County, Illinois” (IGS 4548). Sallisaw specimens of A. curia are illus-
trated on plate X1V, figures 11-2 1, and plate XX, figure 8; Camden
specimens are illustrated on plate XX, figures 1-7.

Brachyspirifer? hemicyclus (Meek and Worthen).

8, 9, 11, 12. Lateral, anterior, pedicle, and brachial views, x1, of a
specimen figured by Meek and Worthen (pl. 8, figs. Ga,b,d); this
specimen, which is here designated the lectotype, is from the “Oris-
kany group {sicl, Union and Alexander Counties, Illinois” (Meek
and Worthen, 1868, p. 401, indicated this shell is from Union
County).

10. Rubber cast, x1, of the steinkern figured by Meek and Worthen
(pl. 8, fig. 7b); label states, “Oriskany group [sic], Union and Alex-
ander Counties Illinois” (Meek and Worthen, 1868, p. 401, stated
it is from Alexander County); another view of this specimen js
shown on text-figure 49B (both specimens numbered IGS 5905).

Other specimens of B.? bemicyclus from the Clear Creek and Camden

Formations are illustrated in text-figure 49,

Hysterolites (Acrospirifer) worthenanus (Schuchert). These are the

type specimens of Spirifer engelmanni Meek and Worthen, 1868, not

Spirifer engelmanni Meek, 1860 (— Spirifer worthenanus Schuchert,

1890).

13, 14, 15, 17. Lateral, brachial, pedicle, and posterior views, x1, of
a specimen illustrated by Meek and Worthen (pl. 8, figs. 5b-d); it
'is herein designated the lectotype.

16, 18, 20. Pedicle, brachial. and anterior views, x1, of a paratype
not figured by Meek and Worthen.

19. Rubber cast, x1, of the pedicle steinkern figured by Meek and
Worthen (pl. 8, fig. 5a).

21. Rubber cast, x5, of an external mold included with the Meek and
Worthen type specimens; it was with the specimens assigned to
Spirvifer bemicyclus but is herein placed with H. (4.) worthenanus;
it is labelled “Devonian, 5 miles from Jonesboro on the road to
Bennetts Landing, Union County, Illinois” (IGS 4970).

The specimens shown in figures 13-20 are labelled “Lower Helderberg
[sic}, Union County, Illinois” (all numbered IGS 4530).
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PLATE XVIII

Brachiopods from the Sallisaw Formation

Figure 1, Atrypa sp. Fragment of a pedicle valve, x1, locality S$14-C
(OU 4397).
Figures 2-11. Eimbrispirifer cf. F. divaricatus (Hall).

2.
3.
4.

5.

10.

11.

Pedicle steinkern, x1, locality S14-C (OU 4398).
Pedicle valve, x1, locality $14-C (OU 4399).

Enlarged surface view, x3, of the specimen illustrated
in figure 9.

14\I4e511r)ly complete pedicle valve, x1, locality §14-C (OU
Z:(iér)nent of a brachial valve, x1, locality §14-C (OU
Fragment of a small brachial valve, x1, locality §14-C
(OU 4403).

Rubber cast, x1, of the pedicle steinkern illustrated
in figure 10.

Pedicle exterior, x1, locality S14-C (OU 4400) (en-
larged surface view of this specimen illustrated in
figure 4).

Pedicle steinkern. x1, locality S14-C (OU 4404) (rub-
ber cast of this specimen illustrated in figure 8).

Enlarged view of a pedicle valve showing the split
ribs, x3, locality S14-C (OU 4405).
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PLATE XIX

Brachiopods from the Sallisaw, Clear Creek, and Camden Formations

Figures 1-5.

Figure 6.

Figures 7-9.

Figure 10.

Figures 11-16.

Protoleptostrophia blainvillei (Billings). Sallisaw Forma-
tion, Oklahoma.

1. Oblique posterior view, x2, of brachial interior; rub-
ber cast of a steinkern, locality S10 (OU 4385).

2, Same brachial interior, x2, as shown in figure 1,
viewed from directly above (note specimens of
Chonostrophia complanata?, Fodevonaria sp., and
Hysterolites (A.) worthenanus?; see pl. XIV, fig. 24,
and pl. XVT, fig. 1).

3. Pedicle steinkern, x1, locality S14-C (OU 4406).

4. Fragment of a pedicle valve, x1, locality S14-C (OU
4407).

5. Pedicle valve, x1, locality $14-C (QU 4408).
Protoleptostrophia blainvillei (Billings). Camden Forma-
tion, western Tennessee. Pedjcle interior, xI; rubber cast
of a silicified steinkern, near Camden, Tennessee (YPM
22412).

Schellwienella? sp. Clear Creek Formartion, Union County,
Illinois; all are rubber casts of silicified internal and ex-
ternal molds.

7. Pedicle interior, x2 (YPM 22413).

8. Brachial cardinalia, x2 (YPM 22414).

9. Pedicle exterior, x1 (YPM 22415).

Schelliwienella? sp. Clear Creek Formation, Union County,

of Camden, Tennessee. Incomplete pedicle valve, x1; rubp-

ber cast of an external mold (YPM 22416).

Schellwienella? sp. Sallisaw Formation, Oklahoma; all of

these specimens are rubber casts of external molds,

11. Brachial valve, x1, collected by C. O. Dunbar near
Marble City (YPM 22417).

12. Pedicle valve, x1, collected by C. O. Dunbar near
Marble City (YPM 22418).

13. Fragment of a brachijal valve, x1, near locality S8
(OU 4362).

14. Small brachial valve, x1, near locality S8 (OU 4362).

15, 16. Posterior and pedicle views of a large pedicle
valve, x1, near locality S9 (OU 4409).

The specimen illustrated in figures 13-16 were collected
by H. E. Christian.
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PLATE XX

Brachiopods from the Sallisaw, Camden, and Clear Creek Formations

Figures 1-7.

Figure 8.

Figure 9.

Figure 10.

Figures 11-14.

Figures 15-17.

Figures 18-19.

Amphigenia curta (Meek and Worthen). Camden Formation, western
Tennessee.
1, 2, 4. Pedicle, lateral, and posterior views of a silicified steinkern,
x1, Camden, Tennessee (YPM $-3394).
3. Brachial interior, x2; rubber cast of 2 silicified steinkern, Camden,
Tennessee (YPM §-3394).

5, 6. Posterior and brachial views of a small silicified steinkern, xI1,
2 miles south of Camden, Tennessee (YPM 22419).
7. Enlarged surface view, x5, of a partly exfoliated pedicle valve

(note punctae and faint radial ridges), 2 miles south of Camden,
Tennessee (YPM 22420).

Meek and Worthen’s type specimens of A. curta are illustrated on plate
XVI1, figures 1-7; Sallisaw specimens are illustrated on plate XIV,
figures 11-21.

Ampbhigenia curta (Meek and Worthen). Sallisaw Formation, Okla-
homa. Posterior view of an incomplete pedicle steinkern, xI (OU
4410) (collected by H. E. Christian near §10).

Anoplia nucleata (Hall). Clear Creek Formation, southwestern Illinois.
Brachial view, x5; rubber cast of an external mold, Union County,
Illinois (YPM 22421).

Other illustrations of A. nucleata are on plates I, X, XI1II.
Eodevonaria intermedia? Amsden. Camden Formation, western Ten-
nessee. Pedicle view, x1. of a specimen provisionally referred to this
species (note fine costellae); rubber cast of an external mold, Camden,
Tennessee (YPM 22428).

Specimens of E. intermedia from the Sallisaw Formation are illustrated
on plate XIII, figures 1-15.

Leptocoelia flabellites? (Conrad). Camden Formation, western Ten-
nessee. All of these are rubber casts of internal and external molds,
and all were collected near Camden, Tennessee.

11. Pedicle interior, x2 (YPM 22422},
12. Pedicle interior, x2 (YPM 22423).
13. Pedicle valve, x1 (YPM 22424).

14. Brachial exterior, x2 (YPM 22425).

Sallisaw specimens of L. flabellites? are illustrated on plate XIV,

figures 1-10.

Leptocoelia flabellites? (Conrad). Clear Creek Formation, Union Coun-

ty, 1llinois.

15. Brachial interior, x2; rubber cast of a silicified steinkern (YPM
22426).

16, ;;4 zj;)nterior and brachial views of a silicified steinkern, x2 (YPM

Chonostrophia complanata? (Hall). Camden Formation, 14 mile north

of ﬁ?mden, Tennessee. These are rubber casts of external and internal

molds.

18. Slab showing several pedicle exteriors, x2.

19. Slab showing several pedicle interiors, x2 (both on the same speci-
men, YPM 22429).

Sallisaw specimens of C. complanata? are illustrated on plate XIV,
figures 22-25.
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Figures 1-12.

Figures 13-26.

Figures 27-30.

PLATE XXI

Brachiopods from the Haragan Formation
Page
Anopliopsis pygmaea Amsden, new species. These speci- 199
mens are from the Haragan Formation near old Hunton
townsite; NW14 SW14 sec. 8, T. 1 8., R. 8 E., Coal Co.,
Oklahoma (pear stratigraphic section C1; Amsden 1960,
p. 182). All are in the collections of the U. S. National
Museum.
1. Brachial view, x10 (USNM 138784).
2. Brachial interior, x10 (USNM 138782),
3. Pedicle interior, x10 (USNM 138783).
4, 7. Pedicle views, x1 and x10, of the holotype (USNM
138784).
Posterior view, x10 (USNM 138785).
Brachial view, x10 (USNM 138786).
Brachial view, x10 (USNM 138787).
Pedicle interior, x10 (USNM 138788).
10. Pedicle interior, x10 (USNM 138789).
11. Pedicle view, x10 (USNM 138790).
12. Pedicle view, x10 (USNM 138791).
Spinoplasia gaspensis? Boucor. These specimens were col- 204
lected by Allan Graffham from the Haragan Formation
about 1,000 feet southeast of White Mound; NEV; sec. 20,
T. 2 S, R. 3 E., Murray County, Oklahoma (near strati-
graphic section M2; Amsden, 1960, p. 235).
13. Pedicle view, x5 (OU 3623).
14-16, 20, 22, 23, 26. Anterior (x5), pedicle (x1), pos-
terior (x5), lateral (x5), brachial (x10), brachial (x5),

and pedicle (x5) views of a well-preserved specimen
(OU 3624).

17, 18. Brachial exterior (x10) and interior (x5) views of
a free valve (OU 3625).

19, 21, 24, 25. Pedicle, lateral, posterior, and anterior
views of a small shell, x5 (OU 3626). »

Chonetes? sp. and Chonostrophia belderbergia Hall and

Clarke.

27, 28. Chonetes? sp. Enlarged surface (x5) and exterior 203
(x2) views of pedicle valve from near old Hunton
townsite, stratigraphic section C1-K (Amsden, 1960,

p- 186) (OU 958).

29, 30. Chomnostrophia belderbergia Hall and Clarke. 202
Pedicle valve (x2) and enlarged surface view (x5) of
a specimen collected by W. E. Ham, SW14 SW14
SEY; sec. 33, T.1 S, R. 3 E., near stratigraphic sec-
tion C2 (Amsden, 1960, p- 189) (OU 3627).
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