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PREFACE

Oklahoma’s Devonian fossils, and particularly those from White
Mound, are famous the world over. No thorough investigation has hereto-
fore been attempted. Dr. Amsden has used the fossils to study the strati-
graphy of the Hunton group, an important oil-producing zone. His strati-
graphic results have been published in Circular 44. The descriptions of the
fossils, the tools by which the units are discriminated, are presented in this
volume. Dr. Amsden has completed an exceptionally fine paleontologic
work accompanied by excellent photographic illustrations prepared by him-
self. The publication of this work will enable geologists to understand the
Hunton rocks better and thus to have greater success in the search for
petroleum in those rocks.

Car1 C. Branson
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ABSTRACT

(Appeared as Oklahoma Geological Survey, Circular 44, 1957).

The Haragan brachiopod fauna is described in Part 1I. This
fauna consists- of 38 species, of which 19 represent new species
and subspecies, referred to 34 genera, of which one is new
(Obturamentella). The stratigraphic distribution of the fossils
within the Haragan formation is discussed, and the brachiopods
are compared to those from the Henryhouse formation. The Hara-
gan is Helderbergian in age and its fauna is believed to be closely
related to that of the New Scotland. The relationship of the Hara-
gan to other North American Helderbergian faunas is discussed.

The faunal information given in the writer’s 1951 paper on the
Henryhouse brachiopods is supplemented. Some of the. generic
assignments are revised and one new species and two new names
are proposed. Additional morphologic and stratigraphic data are
presented for various Henryhouse taxa. A revised list of Henry-
house brachiopods is given.. '

Five new genera are jointly described by the writer and A. J.
Boucot. These are: Lissatrypoidea, Pseudodicoelosia, Loganella,
Rhipidomelloides and Strixella.






PART ITI —
HARAGAN ARTICULATE BRACHIOPODS

Tuomas W. AMSDEN

INTRODUCTION
FOREWORD

The Haragan formalion carries a prolific and well preserved Lower
Devonian fauna. This fauna has been assiduously collected over the past 50
years so that Haragan fossils are widely distributed in private and public
collections throughout this country and abroad. Certain groups, such as
the ostracods and trilobites, have been treated in some detail, but the
brachiopods, which constitute the major element in the megafauna, have
never been adequately described. The scope of the present paper is, there-
fore, to describe and illustrate in detail all of the articulate brachiopods
and to compare them with those from the beds above and below. In addi-
tion these fossils are compared with faunas from other areas and an attempt
is made to place the Haragan in the time scale, especially in terms of the
North American section.

The present study is based largely on Haragan brachiopods collected
by the writer from carefully measured and described sections. A few Uni-
versity of Oklahoma specimens collected by R. D. Alexander have been
utilized and two or three of these are illustrated as indicated on the plate
explanations. The writer has studied the Haragan and related Devonian
faunas at Peabody Museum—Yale University, and at the U.S. National
Museum, both of these institutions extending every courtesy, including the
loan of numerous specimens for further study and illustration (see plates
XI and XIV). The writer would like to take this opportunity to thank per-
sonally Dr. C. O. Dunbar and Dr. G. Arthur Cooper who gave freely of
their time and who offered helpful suggestions on various aspects of this
faunal study. The Hunton collections of Chester Reeds at the American
Museum of Natural History were briefly examined and, through the court-
esy of Dr. Norman Newell and Dr. Donald Squires, two of Hall’s type
specimens were borrowed for study and illustration.

PasT INVESTIGATIONS

The earliest paper dealing with Haragan fossils is that of Girty (1899)
which lists 22 species of brachiopods and includes a few descriptions and
illustrations. Reeds (1911, 1926), in his work on Hunton stratigraphy and
paleontology, presented a faunal list for the Haragan, but did not describe
or illustrate any species. Maxwell presented a Master of Science thesis at
the University of Oklahoma and a Ph.D. dissertation at Northwestern Uni-
versity on the Hunton group, but this work was published only in abstract
form. In 1942 Cloud described a Haragan terebratuloid, Rensselaerina
haraganana, this and Girty’s species Meristella atoka being the only new
brachiopods to be described prior to the present paper. A complete list of
Haragan fossils which have been described and/or illustrated is given in
the writer’s Catalog of Fossils from the Hunton group (1956).
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HARAGAN STRATIGRAPHY

In 1957 the writer presented a paper giving in some detail a descrip-
tion of Haragan lithology and a discussion of its stratigraphic relations to
other Hunton formations. For convenience a brief summary is included in
the present work, but those who wish more detailed information should
refer to the 1957 publication.

The Haragan formation consists of a sequence of fossiferous, yellow-
ish-gray marlstones (Amsden 1957, p. 5) which are thin-bedded, ranging
up to 3 or 4 inches, and commonly weathering with a “nodular” appear-
ance. The Haragan marlstones (and the underlying Henryhouse marl-
stones) generally disintegrate to produce rubble-covered slopes which are
relatively free of vegetation, bearing only scattered clumps of grass and a
few cedar trees. Such bare areas, sometimes called glades, are excellent
collecting grounds as the more resistant fossils weather out of the softer
matrix and can be picked up from the surface.

An unconformity separates the Haragan from the older sirata so that
at places it rests upon the Henryhouse formation, and at other places upon
the Chimneyhill formation. In those areas where it rests upon the Chimney-
hill the contact is clear because the marlstones of the Haragan are lithologi-
cally distinct from the relatively pure limstones of the Chimneyhill. Where
the Haragan rests upon the Henryhouse the contact is difficult to locate
owing to the great lithologic similarity of these two formations. The Henry-
house and Haragan must represent nearly identical conditions of deposition
because in lithology, color, bedding, and weathering characteristics they
are identical, at least in so far as a field study is concerned. Moreover, at
most places there is little evidence of any physical break between the two
so it is generally impossible to separate them except by means of the
faunas. The faunas are, however, distinct and indicate the presence of an
unconformity between the Haragan and the Henryhouse (see discussion
below). Further evidence for a pre-Haragan unconformity is to be found
in the regional stratigraphic relations within the Arbuckle complex; strata
carrying the Haragan fauna truncate the older beds so that at places they
rest upon the Henryhouse and at other places are in contact with different

members of the Chimneyhill formation, locally coming to rest upon the
Sylvan shale (Amsden 1957, pp. 30-35, fig. 4).

The Haragan formation is conformably overlain by the Cravatt mem-
ber of the Bois d’Arc formation, which is lithologically much like the
Haragan, being a thin-bedded, vellowish-gray, argillaceous calcilutite, The
Cravatt, however, carries varying amounts of chert, generally in the form
of irregular nodules of a porous, tripolitic type, and it is on this basis that
the Bois d’Arc is distinguished from the Haragan. The Bois d’Arc formation
is believed to be at least in part, possibly entirely, a facies of the Haragan,
both the faunal evidence (see below) and the stratigraphic evidence (Ams-
den 1957, pp. 40, 43-44) pointing to such a relationship.

The Haragan has a maximum thickness of slightly over 200 feet (in
the outcrop area), but in most places it is much thinner, and is locally
absent, the Henryhouse being directly overlain by the Woodford shale. This
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thickness variation is believed to be due at least in part to its facies rela-
tionship with the Bois d’Arc formation, and in part to the post Lower

Devonian unconformity.

The major stratigraphic and faunal relationships of the Hunton group
are summarized in figure 1.
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Ficure 1. Diegrammatic section summarizing the stratigraphic and faunal re-
lationships of the Hunton formations and members (From Amsden 1957).

HARAGAN MEGAFAUNA

The articulate brachiopods dominate the Haragan megafauna (48
species of ostracods have been described), being abundant both in number
of individuals and in number of species. This group is, therefore, of con-
siderable value in deciphering the local stratigraphic and faunal relation-
ships, and in determining the relationship with faunas in other areas. In
number of species, the brachiopods almost equal all of the other maga-
faunal elements combined. It is estimated that a complete list would in-
clude about 90 species, 36 of these being brachiopods (Maxwell 1936, pp.
89-91, listed 82 species from his Kite group which is approximately equal
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to the combined Havagan-Cravati of the present rcport). Tae gastropods
are next to the brachiopods in number of species, possibly followed by the
Bryczoa. Individual corals are common, but most of these are either a
small solitary tetracoral, or the tabulate, Favosites cf. F. conicus Hall. The
collector finds many trilobites, although these too represent only a few
species, most being either a Phacops, or fragments of a “Dalmanizes.”
Crinoids are rare except for the bulbs of Scyphocrinites which are locally
present in great numbers (Camarocrinus; see Amsden 1956, pp. 59-60 for
a discussion of the Hunton species of Scyphocrinites). The Haragan has a

few pelecvpods, cephalopods and sponges, but these are a minor part of
the fauna.

Inarticulate brachiopods are present in the Haragan, but these are
relatively rare and have not been included in the present faunal descrip-
tions. Thirty-eight species of articulate brachiopods are described in the
section on BRACHIOPOD DESCRIPTIONS, however, one of these, Schellwienella
marcidule, is at present known only from the Bois d’Arc, and there is
some question concerning the Haragan representation of Eatonia exseria
(see Discussion of that species). Of these 38 species, there are 19 new
species and subspecies which are referred to 34 genera, one of which is
new. A complete list of the species here described is given below (*—
species known with certainty only from the Bois d’Arc; c—species common
and widespread) :

CLASS ARTICULATA (PYGOCAULIA)

Superfamily ORTHACEA
Family Plectorthidae
¢ Orthostrophia strophomenoides parva Amsden
Family Skenidiidae
Skenidium insigne (Hall)
Superfamily DALMANELLACEA
Family Dalmanellidae [?]
¢ Levenea subcarinata pumilis Amsden
Family Dicoelosiidae
¢ Dicoelosia varica (Conrad)
Family Rhipidomellidae ’
¢ Rhipidomelloides oblata (Hall)
Family Schizophoriidae
Isorthis pygmaea (Dunbar)
Superfamily SYNTROPHIACEA
Family Parastrophinidae
¢ Anastrophia grossa Amsden
Superfamily PENTAMERACEA
Family Pentameridae
Gypidula multicostata? Dunbar
Superfamily STROPHOMENACEA
Family Strophomenidae
¢ Leptaena acuticuspidata Amsden
¢ Leptaenisca concava (Hall)
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Family Stropheodontidae
¢ Strophonella (Strophonella) bransoni Amsden
¢ Stropheodonta {Brachyprion) gibbera Amsden
Stropheodonta (Brachyprion) arata Hall
Lissostrophia (Lissostrophia) lindenensis (Dunbar)
Leptostrophia beckii tennesseensis Dunbar

Superfamily ORTHOTETACEA

Family Schuchertellidae
Schuchertella haraganensis Amsden

Family Orthotetidae
% Schellwienella marcidula Amsden

Superfamily PLECTAMBONITACEA
Family Leptestiidae
Plectodonta petila Amsden
Superfamily CHONETACEA
Family Chonetidae
Chonetes? sp.
Superfamily RHYNCHONELLACEA
Family Camarctoechiidae
¢ Camarotoechia? haraganensis Amsden
Camarotoechia? sp.
¢ Sphaerirhynchia lindenensis (Dunbar)
Sphaerirhynchia glomerosa Amsden
Obturamentella wadei (Dunbar)
Trigonirhynchia acutirostella Amsden
* FEatonia exserta Amsden

Superfamily ATRYPACEA
Family Atrypidae
¢ Atrypa oklahomensis Amsden
¢ Atrypina hami Amsden
Family Coelospiridae
¢ Coelospira virginia Amsden
Superfamily SPIRIFERACEA
Family Spiriferidae
¢ Kozlowskiella (Megakozlowskiella) velata Amsden
Howellella cycloptera (Hall)

Superfamily ROSTROSPIRACEA
Family Meristellidae
¢ Meristella atoka Girty
Family Nucleospiridae
Nucleospira ventricosa (Hall)
Superfamily PUNCTOSPIRACEA
Family Cyrtinidae
Cyrtina dalmani nana Amsden
Family Rhynchospirinidae
¢ Rhynchospirina maxwelli Amsden
Trematospira, cf. T. hippolyte (Billings)
Trematospira sp.

13
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Superfamily TEREBRATULACEA
Family Centronellidae
Rensselaerina haraganana Cloud

In the preceding list 17 species are designated as common (c). Of
this group the following 7 are extremely abundant and strongly dominate
the articulate fauna: Orthostrophia strophomenoides parva, Levenea sub-
carinate pumilis, Rhipidomelloides oblata, Camarotoechia? haraganensis,
Kozlowskiella (Megakozlowskiella) velata, Meristella atoka and Rhyncho-
spirina maxwelli,

FAUNAL DISTRIBUTION

Most of the Haragan brachiopods appear to range throughout the for-
mation, being present in the lower as well as the middle and upper por-
tions. This is certainly true of those species which are common and suf-
ficiently well represented to give a reliable picture of distribution (many
of these range from the basal Haragan up into the Bois d’Arc formation).
The only possible exceptions are Anastrophia grossa and Rensselaerina
haraganana which the writer has found only in the middle and upper parts
of the formation (A. grossa is represented by about 100 specimens from
7 different localities, and R. haraganana by approximately 50 specimens
from 4 different localities). There are several possible explanations for
this apparent stratigraphic restriction: (1) it may represent a stratigraphic
zonation having chronological significanee; (2) it may be the result of
insufficient collections as the best Haragan collecting is generally in the
middle and upper parts; (3) it could be caused by minor ecological
changes. The writer is inclined towards the latter explanation since the
rest of the fauna does not show a similar distribution.

The Hunton group has been studied in all of the outcrop areas excepl
the westernmost exposures (west of Henryhouse Creek) and the Criner
Hills (fig. 2). An effort has been made to obtain Haragan fossils from as
many different places as possible, but the collection is heavily weighted
with specimens from the outcrop belt around White Mound (M4} and the
helt around old Hunton townsite (Cl) since these are the best collecting
grounds. In addition substantial collections have been made from Vines
dome (M1) and Coal Creek (P9), with smaller samples from many other
areas. In so far as present information goes, there do not appear to be
any significant faunal facies changes (or lithologic facies changes) within
the Haragan formation in the area studied. The fauna collected at old
Hunton townsite is basically the same as that found at White Mound and
at Vines dome. Locally certain species will be concentrated into a par-
ticular bed; however, these reveal no consistent stratigraphic or geographic
pattern. Considering the formation as a whole there does not appear to be
any marked geographic or stratigraphic variation other than that men-
tioned above, and the writer believes that the Haragan fauna is a single
closely related faunal umit.
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HARAGAN-HENRYHOUSE RELATIONSHIP

Most authors have postulated a time break of some magnitude between
the Henryhouse and Haragan formations. The Henryhouse has generally
been assigned to the Middle Silurian and the Haragan to the Lower De-
vonian (Reeds 1911; Maxwell 1936; Cooper and authors 1942) , thus indi-
cating a time break representing all of the Upper Silurian. However, in
1035 Decker (pp. 435-436; 1936, pp. 309-310), on the basis of a graptolite
study, correlated the Henryhouse with the Ludlow shale (Upper Silurian)
of Greal Britain, and in 1953 Williams (p. 37) gave the geologic range of
Lissostrophia (Lissostrophia) (type species L. (L.) coopert from the
Henryhouse) as Ludlovian to Lower Devonian, thus indirectly excluding
the Henryhouse from the Middle Silurian. In the writer’s 1951 paper on
the Henryhouse brachiopods this formation was correlated with the Browns-
port of western Tennessee, a formation previously (1949) assigned to the
Niagaran. During the course of the present investigation the Henryhouse
brachiopods have been reexamined and the writer is inclined to agree thal
a posi-Niagaran age is indicated, thus reducing the time span separating
the Henryhouse from the Haragan. It should, however, be emphasized that
regardless of the age assigned to the Henrvhouse (or Haragan} there is
clear evidence for an unconformily separating them. Within the Arbuckle
region the rocks containing the Haragan fauna rest upon different strati-
graphic (and faunal) units, at some places on the Henryhouse, at others on
the Chimneyhill, or even as low as Ordovician. Where the Haragan is in
contact with the Henryhouse the marked lithologic similarity of these two
formalions makes il almost impossible to separate the two on any strati-
graphic or lithologic basis, the faunas being the only reliable means for
distinguishing them. This situation is not unique, but it does call for a dis-
cussion and comparison of these two faunas in order to eliminate the possi-
bility that the Henryhouse fauna grades into the Haragan fauna through a
transitional fauna, or that a facies relationship exists.

The Henryhouse brachiopod fauna consists of 40 species (a complete
list is given in Part III) and the Haragan consists of 38 species. It is some-
what difficult to make a satisfactory comparison of these two faunas at the
generic level because of the need for further generic revisions. At the
present time the combined faunas comprise about 50 genera, but this num-
ber will undoubtedly change with future taxonomic studies. The following
genera are, however, represented in hoth formations by closely related
species: Anastrophia, Atrypa, Coelosptra, Dicoelosia, Isorthis, Leptaena,
Leptaenisca, Lissostrophia (Lissostrophia), Nucleospira, Stropheodonta,
and Strophonella. Approximately 16 genera are confined to the Henry-
house, although several of these have Devonian representatives in other
areas; the most common are: Dictyonella, F ardenia, Lissairypoidea, Nano-
spira, Resserella, Ptychopleurella, Schizoramma, Stegerhynchus, Pseudo-
dicoelosia, Strixella and Merista. Sevenieen genera are restricted to the
Haragan in the Arbuckle region, although many of these have Silurian
representatives in other areas. The most common are: Atrypina, Camaro-
toechia (see Part I11), Cyrtina, Leptostrophia, Levenea, Sphaerirhynchia,
Trematospira, Kozlowskiella, Meristella, Rensselaerina, Rhynchospirina,
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Skenidium, and Obturamentella. This list indicates a relationship between
the Henryhouse and Haragan faunas, but it clearly shows that there is a
fairly marked break at the generic level. The faunal break is even more
clearly brought out at the species level, because according to the writer’s
study there is no species common to the two formations. A detailed com-
parison of the Henryhouse and Haragan species is given in the Discussion
accompanying the appropriate species description in the section on BRa-
CHIOPOD DESCRIPTIONS, but a summary of the faunal similarities is pre-
sented on plate XII. This plate illustrates some of the more similar Henry-
house-Haragan species side by side; it figures specimens of Rhipidomel-
loides, Anastrophia, Dicoelosia, Leptaena, Lissostrophia (Lissostrophia),
Delthyris-Kozlowskiella, Coelospira and Atrypa. Probably the most similar
species are: Dicoelosia oklahomensis—D. wvarica (pl. XII-C); Leptaena
acuticuspidata—L. oklahomensis (pl. XII-D) ; Coelospira virginia—C. saf-
fordi (pl. XII-G); Atrypa oklahomensis—A. tennesseensis (pl. XII-H). It
should be kept in mind that this plate was prepared to bring out the points
of maximum similarity, whereas most elements of these two faunas show
a greater divergence, both in the specific and the generic categories.

The writer has made exlensive Henryhouse and Haragan collections
from carefully measured sections so that the stratigraphic distribution of
the different species within each formation is well established. This work
shows that the Henryhouse brachiopods range throughout the formation,
there being no significant difference between the fossils collected from the
lower part and those from the upper part. No recognizable faunal change
has been observed within the Henryhouse strata, and this is also true of the
Haragan (see FAUNAL DisTRIBUTION). At the boundary of the Henryhouse
and Haragan there is an abrupt. faunal change, with no transitional ele-
ments connecting the two. In collecting from stratigraphic sections which
include both formations, the contact is well marked by a sharp change
trom the typical Henryhouse to the typical Haragan brachiopods, a rela-
tionship which has been observed at a number of different places in the
Arbuckle region. The lithologic boundary of the Henryhouse and Haragan
is obscure, but the faunal boundary is well defined. The present study in-
volves only brachiopods, but the writer has collected the other fossils, such
as trilobites, corals and mollusks, and ir appears reasonably certain that a
detailed study of these elements would show a similar faunal distribution.
It would seem thal such an abrupt faunal change could only have been pro-
duced by a complete withdrawal of the Henryhouse sea, followed at some
later time by a return of the sea, this time with a Haragan fauna. During
the period of withdrawal the surface was exposed to erosion and the Henry-
house and Chimneyhill beds were locally stripped away. With the inunda-
tion by the Devonian seas a different fauna was introduced into the area,
but the conditions of deposition must have remained essentially the same
as in Henryhouse time. Such a postulated sequence of events will explain
most of the observed relations: the abrupt faunal change; the lithologic
similarity of the two formations; the fact that Haragan strata rest upon
different Silurian and Ordovician formations. The only factor not readily
explained is the abserice in most areas of any physical evidence of an un-
conformity between the Henryhouse and Haragan; evidence such as a dis-
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coloration or alteration of the uppermost Henryhouse heds or presence of
a basal Haragan conglomerate. However, many unconformities which in-
volve strata of contrasting lithology show little evidence of this type, and
where two fermations composed largely of marlstones are brought to-
gether it is perhaps not unreasonable to expect an obscure lithologic
boundary.

HARAGAN—BOIS D’ARC RELATIONSHIP

Reeds (1911) believed that the Bois d’Arc formation rested conform-
ably on the Haragan, noting that “The fossils indicate that for most places
in the Arbuckles deposition was continuous from the Haragan shale into
the Bois d’Arc limestone.” This author correlated the Haragan with the
New Scotland, and the Bois d’Arc with the Becraft of New York. Maxwell
(1936) made a somewhat different stratigraphic and paleontological inter-
pretation of this part of the section. He combined the lower part of the
Bois d’Arc formation (Cravatt member) with the Haragan in his Kiie
group. The faunas from both units in the Kite group were believed to he
the same and the group was correlated with the New Scotland of New
York. The stratigraphic classification herein used differs somewhat from
that of Maxwell (Amsden 1957, pp. 38-40), but the writer would agree
that the fauna of the Cravatt member is similar to that of the Haragan.
Many of the Haragan species extend into the overlying strata and only a
few species appear to be restricted to the Cravatt, most of these being rela-
tively rare. The Bois d’Arc formation is believed to be, at least in part,
possibly entirely, a facies of the Haragan (Amsden 1957, pp. 43-44), but
a discussion of this will be deferred to a later paper describing the brachio-
pods of this formation.

PALEOECOLOGY

The Haragan has a fairly typical middle Paleozoic marine fauna. It
is dominated by the brachiopods and ostracods with lesser numbers of
Bryozoa, corals, trilobites and mollusks, along with such minor groups as
the sponges. There is no evidence of reef building, or even incipient reef
development (Cloud 1952, p. 2126) in this formation. The corals are most-
lv small, solitary or colonial types which show no tendency to concentrate
into biostromes. Such large, diverse Paleozoic faunas have commonly been
interpreted as inhabiting warm, continental seas, although there is no evi-
dence in the form of algal deposits or reefs to indicate that it was especially
shallow. In fact the character of the sediments points to an offshore en-
vironment, well removed from the zone of effective wave action as the
Haragan shows almost no evidence of channeling or cross-bedding. More-
over the detrital material (excluding carbonates) is almost entirely in the
silt and finer size grades {Amsden 1957, pp. 5, 36). This, coupled with the
excellent fossil preservation showing little evidence of abrasion, would
seem clearly to indicate deposition below wave base. No absolute depth
minimum can be given because, as pointed out by Pettijohn (1957, p. 593},
wave base is dependent upon a number of different factors such as size of
the water body and relation to the open sea, none of which can be deter-
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mined from the Haragan. The waters must have been somewhat turbid and
the bottom slightly muddy as the Haragan strata average about 18 percent
insolubles (Amsden 1957, p. 36).

AGE AND CORRELATION

The Haragan formation is Lower Devonian in age and is thought to
represent some part of the Helderbergian stage in the Ulsterian series. It
has commonly been correlated with the New Scotland of New York (Girty
1899, p. 550; Reeds 1911, pp. 258, 264; Maxwell 1936, p. 87; Cooper and
authors, 1942). The early investigators on the New York Geological Sur-
vey generally referred to these beds as the ‘“Delthyris shaly,” or “Lower
shaly,” the underlying strata being termed the “Lower Pentamerus lime-
stone” (Coeymans) and the overlying beds the “Upper Pentamerus” or
“Encrinal limestone” (Becraft). These rocks are richly fossiliferous, es-
pecially the “Delthyris shaly limestone,” and furnished many of the fossils
described by James Hall and his associates. In volume 3 of the Paleontol-
ogy of New York alone, Hall described a total of 78 Helderberg brachiopod
species, 58 being from the “Lower shaly,” 9 from the “Upper Pentamerus,”
11 from the “Lower Pentamerus,” and 7 common to more than one mem-
ber. In 1894 Darton proposed to substitute the name Becraft limestone for
“Upper Pentamerus,” and in 1899 Clarke and Schuchert replaced “Delthy-
ris shaly” and “Lower Pentamerus” with New Scotland beds (or lime-
stone) and Coeymans limestone. A few years later Chadwick (1908; see
also Chadwick 1944, pp. 67-75) applied the name Kalkberg limestone to
those strata which had long been thought to be transitional between the
typical Coeymans and the typical New Scotland. Lithologically and faunally
the Kalkberg is now generally treated as a basal phase of the New Scot-
land (Goldring 1935, p. 103; 1943, p. 159; Cooper and authors 1942,
Chart 4). In the type region near Albany and in adjacent counties the
Coeymans, New Scotland (including the Kalkberg) and Becraft are, for
the most part, reasonably distinet lithologic units (Goldring 1935, pp. 54,
92-120; 1943, pp. 151-184). The faunas of these three formations, at least
as now defined, have much in common, the principal difference appearing

to be in the relative proportions rather than in any major generic or spe-
cific changes,

There are significant difficuliies in attempting to correlate with any
of the Helderberg subdivisions in New York. Faunally and lithologically
the New Scotland is generally considered to grade into the Coeymans. The
fauna of the Kalkberg limestone is reported to have a mixed Coeymans and
New Scotland fauna (Chadwick 1908, p. 348; Goldring 1935, p. 108) and
a number of Coeymans brachiopods are also said to range into the New
Scotland. The Coeymans is generally regarded as the basal member of the
New York Helderberg, although its relation to the underlying Manlius has
been the subject of some discussion. Chadwick (1944, p. 152) and Gold-
ring (1944, p. 152), working in the Coxsackie-Catskill area, indicate the
presence of an erosional unconformity between the Coeymans and Manlius.
On the other hand Davis (1953, pp. 27-28), working farther north in the
area between Schoharie and Manlius, found evidence that the Manlius
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grades into the Coeymans. He stated “. . . the late Manlius sea existed con-
temporaneously with the early Coeymans sea and that they were, at least in
part, one and the same.” In addition there are marked faunal affinities
between the New Scotland and the Becraft, thus adding to the difficulties
of correlating with the New York Helderberg. A modern stratigraphic and
paleontologic study would seem to be needed in order to determine the pre-
cise range of well defined specis, and until this is available correlation
with these Helderberg stages will be somewhat unsatisfactory. In spite of
the difficulties the fauna of the New Scotland is well enough established
and described to furnish some basis for making a provisional comparison.
The writer has collected from these strata in the type region, and has re-
cently had an opportunity to examine large collections of New Scotland
fossils at Peabody Museum—Yale University, the U.S. National Museum
and at the University of Oklahoma. Before proceeding with this comparison
it will perhaps be helpful to recall that the base of the Haragan is marked
by an unconformity, and its fauna is distinet from that of the underlying
Silurian beds (Henryhouse-Chimneyhill)

Past investigators have referred most of the Haragan brachiopods 1o
the New Scotland species of New York. Girty (1899, p. 547) listed 22
brachiopods, most of these being New York species, and his lead was fol-
lowed by Reeds and Maxwell, although these authors did indicate the pres-
ence of some undescribed species in the Oklahoma strata. The writer would
agree that there is a strong faunal resemblance between these two faunas;
however, only 7 Haragan species are considered to be conspecific with
those from New York. The New Scotland species (including those from the
Kalkberg limestone) which are conspecific with, or have marked similar-
ities to, those from the Haragan formation are listed below. Species marked
with an asterisk (*) are present in the Haragan, and those marked with
an s (s) are represented by similar species (the Haragan species with which
they are compared follows in [ ]). All of the species in this list are be-
lieved to be based on specimens from the New Scotland of New York, most

being described by Hall from the “shaly limestone of the Lower Helder-
berg.”

s—Orthostrophia strophomenoides (Hall) [O. strophomenoides parva
Amsden |

¥—Skenidium insigne (Hall)

s—Levenea subcarinata (Hall) [L. subcarinata pumilis Amsden]
¥ —Dicoelosia varica (Conrad)

*—Rhipidomelloides oblata (Hall)

s—Isorthis perelegans (Hall) [I. pygmaea (Dunbar)]
s—Anastrophia verneuili (Hall) [A. grossa Amsden]

s—>Strophonella (Strophonella) punctulifera (Conrad) [S. (S.) bransoni
Amsden]

*—Stropheodonta (Brachyprion) arata (Hall)

s—Leptostrophia beckii (Hall) [L. beckii tennesseensis Dunbar]
*—Leptaenisca concava (Hall)

s——Sphaerirhynchia nucleolata (Hall) [S. glomerosa]

s—Camarotoechia bialveata (Hall) [C.? haraganensis Amsden]
s—C. transversa (Hall) [C.? sp.]
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s—LCoelospira concava (Hall) [C. virginia Amsden]
s—Atrypina imbricata (Hall) [A. hami Amsden}
s—Kozlowskiella perlamellosa (Hall) [K. velata Amsden]
*—Howellella cycloptera (Hall)

—Nucleospira ventricosa (Hall)

s—Meristella arcuata (Hall) [M. atoka Girty]

s—Cyrtina dalmani (Hall) [C. dalmani nana Amsden]
s—Trematospira costata (Hall) [T. cf. T. hippolyte (Billings) ]

¥*

‘—Rhynchospirina formosa (Hall) [R. maxwelli Amsden]

*

The preceding list shows considerable similarity between the New
Scotland and Haragan faunas, but there are also some differences. The
New Scotland brachiopod fauna, at least judging from published descrip-
tions, is much larger than the Haragan. In his paper of 1857 and 1859
alone Hall described over GO species, although many of these appear to be
closely related and some may be only minor variants of the same species.
Even granting that Hall may have been overly enthusiastic, there would
seem to be a greater variety of brachiopods in the New York beds, although
this difference is concentrated at the species level, most of the New Scot-
land genera being present in the Haragan. There are, however, some generic
differences of which the most notable example is Eospirifer macropleura
(Conrad). This brachiopod is abundant in the New York strata and is also
common throughout much of the Appalachian region and western Tennes-
see, but no representative of Eospirifer has been reported from any part
of the Hunton by past investigators nor has the writer found any specimens.
The genus Eatonia, which is moderately common in the eastern sections, 1s
only sparingly present in the Hunton although a few specimens have been
collected from the Bois d’Arc and, questionably, the Haragan (see Discus-
StoN under E. exserta). Both Costellirostra and Platyorthis are represented
in the New Scotland, but only a few specimens of each of these have been
found in the basal beds of the Cravatt member at a single locality (they
will be described in a later paper on the Bois d’Arc). The species Scheli-
- wienella marcidula Amsden is probably related to Schellwienella [?] wool-
worthana (see DiscussioN under that species).

There are also some Haragan genera which do not appear to be present
in the Helderberg of New York. To the writer’s knowledge no represen-
tative of Lissostrophia, Plectodonta or Obturamentella has been reported
from the eastern strata. According to Cloud (1942, p. 51) the genus Rens-
selaering is not present in the New Scotland, the only eastern species being
R. leveneae Cloud from the Keyser limestone in Pennsylvania. Several tere-
bratuloid species have been described from the New Scotland including
“Rensselaerina” elliptica Hall and “R.” levis Hall, both of these being ex-
cluded from Rensselaerina, their true generic identity being doubtful

(Cloud 1942, p. 47, 111).

The foregoing analysis indicates differences as well as similarities be-
tween the Haragan and New Scotland brachiopods. It is always difficult
to evaluate such factors in terms of age relationships. There is probably no
such thing as two faunas of identical composition, and even within the Ar-
buckle region the Haragan brachiopods vary slightly from locality to local-
ity and this is probably equally true of the New Scotland fossils within its
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type area. In comparing the Haragan and New Scotland faunas, which are
from strata geographically far removed from each other, one can hardly
help being impressed by the points of similarity. The generic suites are
much alike, there being only a few genera which are not common to both,
and there are a substantial number of species which are similar or con-
specific. The differences are such as could be produced in part, or entirely,
by geographic separation, perhaps aided by minor ecological differences.
On the other hand these differences could be entirely the result of a time
difference, one or the other fauna being older. Even if the latter explana-
tion is favored, the difference is probably slight and in the writer’s opinion
the two faunas are closely related in age. A restudy of the stratigraphy and
paleontology of the Heldérberg strata in the type area would permit a
more critical comparison and would probably shed more light on the prob-
lem of correlation,

An interesting size comparison can be made between the Haragan and
New Scotland brachiopods. Several of the Haragan species are markedly
smaller than the related New York species. This size difference is most
noticeable in the Hunton representatives of Orthostrophia, Levenea, Isor-
this, Kozlowskiella- and Cyrtina, but it is also present to a lesser extent in
such species as Rhipidomelloides oblata and Dicoelosia varica. For three of
these, Orthostrophia strophomenoides parva, Levenea subcarinata pumilis
and Cyrtina dalmani nana, the size difference is so great that they ave
recognized as distinct subspecies. These are believed to be genetically and
chronologically closely related to the parent species and, as noted above,
some or all of their variation may be the result of geographic separation
(Newell 1947) . Tt should be noted that not all of the Oklahoma species show
this reduced size and there are some, such as Anastrophia grossa, which are
slightly larger than the related New Scotland species. There is no evidence
that the Haragan bears a dwarfed or impoverished fauna.

The New Scotland fauna has been identified throughout much of the
central and southern Appalachians. For the most part the New York Helder-
berg divisions of Coeymans, New Scotland and Becraft have been em-
ployed. These names have been-used in New Jersey, in Pennsylvania
(Swartz 1939, pp. 50-91), in Maryland (Swartz and authors 1913, pp. 86-
90), in West Virginia (Woodward 1943, pp. 67-97, 160-174) and in Vir-
ginia (Swartz 1929, pp. 38-69; Cooper and authors 1942). For the most
part an attempt has been made to define these Helderberg subdivisions in
faunal terms, but a perusal of certain of the published faunal lists gives the
impression that some of the supposed faunal distinctions need further
elaboration. There is little doubt that the New Scotland fauna is present
throughout much of this area, but the writer’s own experience suggests
that further stratigraphic and paleontologic studies are needed here, as in
the New York area, before any definite conclusions can be reached on the
faunal successions.

A few of the Haragan brachiopods, such as those representing Cho-
netes and Trematospira, appear to have a resemblance to specimens from
the Helderberg of Maine. The writer has not examined any specimens from
the Lower Devonian of Maine and therefore not much can be said con-
cerning possible relationships with the Haragan. Judging from the illustra-
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tions given by Williams and Breger (1916) the preservation of specimens
found in the Chapman sandstone is rather poor.

The Helderberg (Linden) strata of western Tennessee were described
by Dunbar in 1918 (see also Dunbar 1919, 1920), the following formations
and members being recognized:

Decaturville chert
Birdsong shale
Olive Hill formation
Flat Gap member
Bear Branch-Pyburn: member

Ross limestone
Rockhouse shale

These strata fall into two rather distinct faunal divisions: (1) the Rock-
house shale fauna, and (2) the Olive Hill—Birdsong shale—Decaturville
chert fauna. The Rockhouse shale fossils, as described by Dunbar, appear
to be a mixture of Helderbergian and Silurian species. Such species as
Eatonia fissicosta, Atrypina imbricata, “Delthyris” cyrtinoides and Levenea
macra are either conspecific with, or similar to, Helderbergian species,
whereas species like Dicoelosia biloba, Lissairypoidea sp. (identification
by the writer), Dictyonella subgibbosa and Merista tennesseensis are Si-
lurian. The mixed character of this fauna was discussed by Dunbar and the
formation was correlated with the Keyser, although it was noted that there
are few direct faunal affinities to support this. The writer has made a pre-
liminary examination of Dunbar’s Rockhouse collections and would agree
that some of the species are similar to those from the overlying Ross lime-
stone and Birdsong shale, while others have a resemblance to Brownsport
species, although much more study would be needed before positive identi-
fications could be made. A few of the Rockhouse brachiopods have a re-
semblance to Haragan species (e.g. Levenea macra), however, in the writ-
er’s opinion there is little point in discussing the age and possible correla-
tion of this formation until such time as it has been recollected and re-
studied.

The strata referred to the Olive Hill, Birdsong shale and Decaturville
chert are all fossilifcrous, but most of the fossils collected by Dunbar are
from the Ross limestone and Birdsong shale. Dunbar (1919, pp. 63-64)
noted that the Ross limestone had a fauna very similar to that of the Bird-
song shale and, since each of these formations was largely confined to
separate geographic areas, he considered the possibility that one was a
facies of the other. This interpretation was rejected, largely because of the
distribution of Scyphocrinus pratteni, and the two were assigned slightly
different ages, the Ross being correlated with the Coeymans and the Bird-
song with the New Scotland (Dunbar 1919, p. 33; Cooper and authors
1942, Chart 4; Cooper 19448B, p. 219).

The western Tennessee section was redescribed by Wilson in 1949
( pp. 280-306; see also Born 1944, pp. 139-148) and an entirely different
interpretation given. This author united all of the Helderberg strata de-
scribed by Dunbar (Rockhouse shale to Decaturville chert inclusive) in the
Ross formation, the previously recognized stratigraphic divisions being
treated as members (in many cases as facies) of this formation. Included in
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the Ross formation was a Ross limestone member (the Ross limestone of
Dunbar) which was considered to be a facies of the Birdsong shale. The
writer has not studied these Tennessee strata and is therefore not in a posi-
tion to comment on all aspects of this classification, but he has examined
the Peabody Museum-—Yale University collections from the Ross limestone
and the Birdsong shale. The brachiopods from these beds are very much
alike and would seem to fully support the concept of a facies relationship.
If this is true then the correlation of Ross limestone with Coeymans and
Birdsong shale with New Scotland needs to be modified, a modificalion
which the writer suspects may be needed in other areas. Wilson includsd
the Rockhouse shale in the Ross formation, but the Rockhouse fauna exam-
ined by the writer, assuming it represents a natural assemblage, is different
from those of the overlying formation (see ahove)

The Ross limestone-Birdsong shale brachiopod fauna is very similar
to that of the Haragan, there being a greater resemblance between th: Okla-
homa-Tennessee faunas than between the Haragan and the New Scotland.
Dunkar (1919, pp. 51-54) listed 56 brachiopods from these strata, which
is a considerably larger number than is present in the Haragan. This differ-
ence, however, is due primarily to the greater number of species recog-
nized by Dunbar since the generic suite present in the Ross-Birdsong is
almost the same as in the Haragan. About the only genera nol common to
both are Eospirifer and Chonostrophia in Tennessee and Plectodonta in
Oklahoma, none of these being abundant in either fauna with the exception
of Eospirifer. Eospirifer is well represented in the Birdsong shale by E.
macropleura, but this genus is not present in the equivalent Ross limestone
(Dunbar 1919, pp. 53, 63). This Tennessee distribution of Eospirifer,
which appears to be related to facies, is interesting in view of its absence in

Oklahoma and may indicate that this brachiopod had a somewhat restricted
ecological range.

A number of Haragan brachiopods are conspecific with those from the

Ross limestone-Birdsong shale. A partial listing is given below:

Isorthis pygmaea (Dunbar)

Rhipidomelloides oblata (Hall)

Dicoelosia varica (Conrad)

Skenidium insigne (Hall)

Leptostrophia beckii tennesseensis Dunbar

Lissostrophia (Lissostrophia) lindenensis (Dunbar)

Leptaenisca concava (Hall)

Obturamentella wadei (Dunbar)

Sphaerirhynchia lindenensis (Dunbar)

Nucleospira ventricosa (Hall)

Meristella atoka Girty
In addition there are a number of Haragan species which are quite similar
to those from the Tennessee Helderberg, some of which may be conspecific.
This includes representatives of Orthostrophia, Levenea, Gypidula, Camaro-
toechia, Atrypa, Atrypina and Coelospira (See the DISCUSSION of these
various species under BRACHIOPOD DESCRIPTIONS).

The faunal similarity between the Helderberg faunas of Tennessee and
Oklahoma was first noted by Girty in 1899 (p. 546) and has been com-
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mented on by almost all subsequent investigators (Reeds 1911, p. 268;
Maxwell 1936, p. 87). In 1919 Dunbar (p. 63) made a detailed compari-
son of the megafaunas and concluded that “The Haragan shale of Okla-
homa represents a western arm of this same [Birdsong] sea.” Some years
later Wilson (1935, pp. 631-632) made a study of the Birdsong ostracods
and found that almost a third of the Tennessee species were present in the
Haragan. This author stated “This very striking faunal similarity supple-
ments the evidence presented by the study of the megafauna [by Dunbar ]
and definitely demonstrates the close relationship between these two forma-
tions [Birdsong-Haragan].” The writer’s own study of the Haragan brachio-
pods seems to substantiate fully the ideas of these earlier investigators. It
is perhaps significant that the Birdsong-Ross fauna, which is geographicalily
closer, is more similar to the Haragan than is the New Scotland fauna.

The Bailey limestone crops out in a rather limited area in southeastern
Missouri and southern Illinois (Weller 1944, pp. 91-94; Croneis 1944, pyp.
105-108, 125-131). Tansey described and illustrated this fauna in 1924 and
correlated the Bailey with the New Scotland of New York, the Olive Hill-
Birdsong shale-Decaturville chert of Tennessee, and the Haragan-Bois d’Are
of Oklahoma (1924, pp. 166-167). Thirty-nine articulate brachiopod spe-
cies were described, most of these being identified with species from the
Helderberg of New York. The writer has not had an opportunity to examine
Bailey limestone specimens, but Tansey illustrates a fauna which appears
to be much like that of the Haragan. In so far as the writer knows, the
only other Missouri formation which might be Helderberg is the Grassy
Knob chert. This is commonly correlated with the Oriskany (Cooper and
authors 1942, Chart 4), but Croneis (1944, fig. 21, p. 128) has suggested
that it might be correlative with a part of the Bailey limestone.

GEOGRAPHIC AND STRATIGRAPHIC SOURCE OF
FOSSIL COLLECTIONS

The geographic and stratigraphic distribution of each species is given
in the section on BrRAcHIOPOD DESCRIPTIONS, and, for the illustrated speci-
mens, on the plate explanations. This information is presented in an ab-
breviated form; for example, collection C1-0, or collection M2-]J. The first
letter and number refers to the stratigraphic section, i.e. C1 is stratigraphic
section 1 in Coal County and M2 is stratigraphic section number 2 in Mur-
ray County. The geographic location of all sections is given on the follow-
ing pages and is also shown on Figure 2. The letter following the section
number refers to the stratigraphic position of the fossil collection (unless
otherwise indicated all collections are from the Haragan formation). Thus
collection O of C1 was made 214 to 228 feet above the base of the Haragan
formation (see page 26), and collection J of M2 was made 27 to 39 feet
above the base of the Haragan (see page 30). The stratigraphic infor-
mation is here presented in much abbreviated form, but it is based on
measured sections for which comprehensive descriptions are available. In
a future publication the writer plans to describe these and other sections in
detail, giving lithologic data, insoluble residues, chemical analyses, infor-
mation from peels and thin sections, as well as faunal lists. In this report
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only skeleton sections are given, furnishing formation names with sum-
mary lithologic descriptions, and the stratigraphic position of all fossil col-
lections herein mentioned. This method naturally omits much vital data,
but it has the advantage of permitting collections to be readily located,
both geographically and stratigraphically.

STRATIGRAPHIC SECTION C1
Old Hunton Townsite

Location: NW14 sec. 8, T. 1 S., R. 8 E., Coal Co., Okla.; near old Hunton
townsite.
Bois d’Are formation—Cravatt member; yellowish-gray, argillaceous
calcilutite with nodules of brown-weathering chert.
Cl-P.____ _______ 0 to 50" above base of formation.
Haragan formation: yellowish-gray, argillaceous and silty marlstone.
feet above base
of formation

Cl1-0 ___. . ___ 214 to 228
N _ 184 to 214
M_ 170 to 184
L ____ _____ 161 to 170
K ___ ______ 140 to 161
J 127 to 140
. ~— 109 to 127
H_____ ____ 102 to 109
Covered _____ 0 to 102 (may include some Henryhouse)

Chimneyhill formation—Clarita member: interbedded, yellowish-gray
to pink, fossiliferous calcarenite and calcilutite with many pelma-
tozoan fragments; insoluble residues range from 3 to 5%.

STRATIGRAPHIC SECTION C2
Northeast of Bromide

Location: NW14 sec. 33, T. 1 S., R. 8 E., Coal Co., Okla.; about 1 mile
northeast of Bromide.
Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous

and silty calcilutite with many nodules of brown-weathering, pox-
ous chert.

C2K .

Haragan formation: yellowish-gray, argillaceous and silty marlstone in
beds to 3 or 4 inches.

feet above base
of formation

C2.) 56 to 61
r ___ 39 to 56
v___ e 24 to 39
G 4 to 24
¥ 0to 4

Henryhouse formation: yellowish-gray to yellowish-brown marlstone;
lithologically like Haragan above.
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feet above base
of formation

C2E __________ (? Henryhouse) _____. . __ 7t0 9
cDb Dto 6

Chimneyhill formation—Clarita member: gray,' fossiliferous calcilutite
with scattered pink pelmatozoan fragmenis; locally quite argil-
laceous.

STRATIGRAPHIC SECTION Cal
Henryhouse Creek

Location: SEY, sec. 30, T. 2 S., R. 1 E., Carter Co., Okla.; this section
measured on the glade exposures about 300 feet west of Henryhouse Creek.

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous and silty calcilutite with nodules of porous, brown-
weathering chert.

Haragan formation: yellowish-gray, fossiliferous marlstone.
Cal-W (partly covered and may include some
Henryhouse) ____ 0 to 30 feet above the base of formation.

Henryhouse formation: yellowish-gray, locally much mottled with
pink, fossiliferous marlstone.

feet above base
of formation

Cal-V 183 to 204
v _ 148 to 183
T _ 124 to 148
S 112 to 124
rR_____ 108 to 112
Q 82 to 108
P 79 to 82
o 73 to 79
N 71 to 73
M 43 to 71
) 30 to 43
K _ 21 to 30
ol 20 to 21
r . 15 to 20
v 13 to 15
G 8t 13
F_ 0Oto 8

Chimneyhill formation—Clarita member: gray calcilutite with pink
pelmatozoan fragments; insoluble residues range from 3 to 10%.
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STRATIGRAPHIC SECTION Ca2
Tulip Creek

Location: NW14 SEY} sec. 25, T. 2 S., R. 1 E., Carter Co., Okla.; about
100 feet west of Tulip Creek.

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of brown-weathering, porous
chert.

Ca2Q 0 to 2 feet above bhase of formation.

Haragan formation: yellowish-gray, fossiliferous, marlstone in beds
to 3 or 4 inches.
feet above base
of formation
c2pP ______ 10 to 22
o______ @ 0w 10

Henryhouse formation: yellowish-gray marlstone, like strata above;
few beds with red mottling.
feet above base
of formation

Ca2-N ___ o ____ 138 to 152
M _ 122 to 138
113 to 122
K 97 to 113
y 88 to 97
r 86 to 88
s 8l to 86
G eee____ T8 to 81
F (covered) . ___________________ 0to 78

Chimneyhill formation—Clarita member: gray to yellowish-gray cal-

cilutite with scattered pink pelmatozoan. plates.
C2E ___ ——

STRATIGRAPHIC SECTION J11
West of Mill Creek town

Location: SEY4 NW14 sec. 12, T. 2 S, R. 4 E., Johnston Co., Okla.;
about 34 mile west of Mill Creek town.
Bois d’Arc formation—Cravatt member: yellowish-gray argillaceous
calcilutite with nodules of vitreous to tripolitic chert.
Jwmwe
Haragan formation: yellowish-gray, fossiliferous marlstone; bedding
nodular, up to 4 or 5 inches in thickness,

jm-b____ 0 to 29" above base of formation.
Haragan and/or Henryhouse formation.
Covered __________________ 0 to 45 ahove base of formation.

Chimneyhill formation—Cochrane member: gray, fossiliferous, glau-
conitic calcarenite; insoluble residue 3%.
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STRATIGRAPHIC SECTION M1
Vines dome

Location: NW14 NW1/4 sec. 2, T. 2 S., R. 2 E., Murray Co., Okla.; this
is located on the southeast end of Vines-dome.

Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous
calcilatite with nodules of brown, vitreous to porous chert.

MI-M

Haragan formation: yellowish-gray, fossiliferous marlstons; bedding
nodular, commonly less than 2.
feet above base
of formation

M- 52 to 90
36 to 52
) 20 to 36
| L e 24010 29
v - ... 101t0 24
G 0 to 10

Henryhouse formation: yellowish-gray, fossiliferous marlstone like
above; few beds with red mottling.
feet above base
of formation

M-y ____ 56 to 62
E___ 46 to 56
D e ____ 27 to 46
cC 3 to 27
B ____ . e Oto 3

Chimneyhill formation—Clarita member: yellowish-gray to grayish-
orange calcilutite with pink pelmatozoan plates; insoluble resi-
dues range from 5 to 9%.

MI-A

STRATIGRAPHIC SECTION M2
Southeast of White Mound

Location: SEl4 NEY sec. 20, T. 2 S., R. 3 E., Murray Co., Okla.; this
section located about 1000 feet southeast of White Mound.

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of brown-weathering, porous
chert.

Haragan formation: yellowish-gray, fossiliferous marlstone; beds up
to 4 or 5 inches.
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feet above base
of formation

M2-N ___ ____ 100 to 110

M __ 78 to 100

L 58 to 78

K 39 to 58

J 27 o 39

r 14 to 27

v _ . Tt 14

G Oto 7

Henryhouse formation: yellowish-gray, argillaceous calcilutite like

above.

feet above base
of formation

M2-F(?) __ __ 19 to 22
v 15 t0 19
b 0to 15

Chimneyhill formation—Clarita member: gray, fossiliferous calcilu-
tite with scattered pink pelmatozoan plates; insoluble residues

about 4%.

STRATIGRAPHIC SECTION M3
Northwest of White Mound

Location: SW14 SWi4 sec. 17, T. 2 S, R. 3 E., Murray Co., Okla.; this
section is located in the bed of Haragan Creek, about 3000 feet northwest
of White Mound.

Bois d’Arc formation—Fittstown member: gray to yellowish-gray,
fossiliferous calcarenite with some beds of argillaceous calcilutite,
especially in the lower part; nodules of vitreous chert; this mem-
ber grades into the underlying Cravatt. Insoluble residues range
from 4 to 10%, average about 7%.

feet above base
of formation

M3-F 78 to 83
E ____ 39 to 78
D 9 to 39
C o Oto 9

Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous
fossiliferous, calcilutite with nodules of vitreous to porous chert;
msoluble residues range from 9 to 17%, average about 12%.

feet above base

of formation
M3B___ 52 to 57
A 0 to 52

Haragan formation: yellowish-gray, fossiliferous marlstone.
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STRATIGRAPHIC SECTION M4
White Mound
Location: NW14 NEY4 sec, 20, T. 2 S., R. 3 E., Murray Co., Okla.; all

collections made in this area are from the mound and surrounding glade
only, and are designated as MA4.

Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous,
fossiliferous calcilutite with nodules of brown-weathering chert.
Haragan formation: yellowish-gray, fossiliferous marlstone.

feet above Clarita

(Partly covered) ___ . __________________ 86 to 100
M4 (glade; collections from here) _ . ____ 75 to 86
Haragan and Henryhouse formations.
Covered _______________________ 0 to 75 feet above Clarita

Chimneyhill formation—Clarita member: gray calcarenite with pink
pelmatozoan plates.

STRATIGRAPHIC SECTION M$§
Southeast of Dolese Bros. Rayford Quarry

Locaiion: SEY4 NEV, sec.. 28, T. 1 S., R. 2 E., Murray Co., Okla.; this
section is located about 14 mile southeast of the Dolese Rayford Quarry.
Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous
calcilutite with nodules of bhrown-weathering tripolitic chert in
lower part, becoming vitreous above.

M8-P

Haragan formation: yellowish-gray, fossiliferous marlstone.
feet above base
of formation

mMeo ___ 32 to 70
N 26 to 32
M 5 to 26
L 0to 5
Haragan and/or Henryhouse formations: marlstone like above.
M8K _____ 0 to 37 above base.

Henryhouse formation: yellowish-gray, in part mottled with red, marl-
stone {unit G may be in part Clarita).
feet above base
of formation

M8J 60 to 70
r e 52 to 60
H 32 to 52
G(?) 0 to 32

Chimneyhill formation—Clarita member: gray, fossiliferous calcilutite

with pink pelmatozoan plates; the upper 12 feet is quite argil-
laceous and mottled with pink.
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STRATIGRAPHIC SECTION M9
West of Southern Rock Asphalt Quarry

Location: NW1) SEV, sec. 25, T. 1 S., R. 2 E., a short distance west of
the Southern Rock Asphalt Quarry, Murray Co., Okla.

Bois d’Arc formation—Cravatt member; yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of vitreous to tripolitic chert.
M9-E

Haragan formation: vellowish-gray, fossiliferous marlstone; channel
sample from basal 6" yields 28% insoluble residues.

feet above base

of section (M8-A)

Mo-D ___ __ 49 to 58
C o 22 to 49
B 6 to 22
A Oto 6
Covered

STRATIGRAPHIC SECTION MI10
Buckhorn Ranch
Location: SW14 SE' sec. 33, T. 1 S, R. 3 E., Murray Co., Okla.; this

section is located on the Buckhorn Ranch, just east of a small stream flow-
ing north into Little Buckhorn Creek.

Bois d’Are formation—Cravatt member: vellowish-gray, argillaceous,
fossiliferous calcilutite with nodules of tripolitic chert.

MI10-N

Haragan formation: yellowish-gray, fossiliferous marlstone in beds to
3 or 4 inches.

feet above base
of formation

MI1O-M ____ . S 64 to 108
L __________________________________ 4«7 to 64!
K _ 19 to 47
J 6 to 19
r_ .. Oto 6

Henryhouse formation: yellowish-gray, fossiliferous marlstone; like
beds above but with some red mottling.
feet above base
of formation

mwoH . 22 to 28
G 6 to 22
v __ Oto 6

Chimneyhill formation—Clarita member: gray to yellowish-gray cal-
cilutite with pink pelmatozoan plates.

Mo _ ..
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STRATIGRAPHIC SECTION M11
East of Little Buckhorn Creek

Location: SW14 SEY, sec. 30, T. L S., R. 4 E., Murray Co., Okla.; this
section is located on the C, H. Abernathy Ranch, about 1 mile east of the
Little Buckhorn Creek. ,

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of brown-weathering, tripo-
litic chert.

Mnic_____
Haragan formation: yellowish-gray, fossiliferous marlstone.

feet above base
of section (M11-A)

M11-B (covered) __ . _. __________________ 38 to 64

Covered

STRATIGRAPHIC SECTION M14
West of Oklahoma Highway 18

Location: NEV, SE1] sec. 2, T. 2 S., R. 3 E., Murray Co., Okla.; this
section is located about 100 yards west of Oklahoma Highway 18, near the
place where the highway crosses a small stream.

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of chert, tripolitic in lower
part, becoming vitreous above.

M4y

Haragan formation: yellowish-gray, fossiliferous marlstone.
feet above base
of formation

mMi4-r 29 to 102
H___ 25 to 29
G - 16 to 25
11 to 16
E__ 0to 11

Henryhouse formation: yellowish-gray, fossiliferous marlstone like
above except for minor pink mottling on a few beds.
feet above base
of formation

M4 - 11 to 35
C 0to 11

Chimneyhill formation—Clarita member: light-gray, fossiliferous cal-
cilutite with pink pelmatozoan plates.

Mw4B___
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STRATIGRAPHIC SECTION P1
Chimneyhill Creek

Location: This section is situated along the banks of Chimneyhill Creek
(South Fork of Jackfork Creek) extending from about the center SEY4
sec. 5 into the NW14 SW1/ sec. 4, T. 2 N,, R. 6 E., Pontotoc County, Okla.
Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous
calcilutite with nodules of brown-weathering, tripolitic chert.
ei.v _____
Haragan formation: yellowish-gray, fossiliferous marlstone with a 2
to 3" bed of gray, highly fossiliferous calcarenite, the latter having
an insoluble residue of about 5%.
.U ___. 0 to 5" above base of formation.
Henryhouse formation: yellowish-gray, fossiliferous marlstone.

feet above base
of formation

P1-T (a, b, ¢} o 211 o 247
S 191 to 211
R __ 183 to 191
Q 164 to 183
P __ e 141 to 164
o _ ___ e 125 to 141
N 105 to 125
M___ 79 to 105
Lo 62 to 79
K __ 60 to 62
R 45 to 60
31 to 45
H_ ________ 12 to 31
G 0to 12

Chimneyhill formation—Clarita member: pinkish-gray, fossiliferous
calcilutite and calcarenite with pink pelmatozoan plates; insoluble
residues range from 1 to 4%.

STRATIGRAPHIC SECTION P2
South of Fittstown

Location: This section covers the strata exposed in a small quarry some
200 feet east of Oklahoma Highway 99, about 3 miles south of Fittstown,
Pontotoc County, Okla.; it is in the NW1/ sec. 12, T. 1 N., R 6 E., ap-
proximately 1000 fect south of the junction of Oklahoma Highways 99
and 61.

Bois d’Arc formation-~Cravatt member? : yellowish-gray, fossiliferous,
argillaceous calcilutite with some beds of calcarenite; nodules of
brown-weathering, porous chert; silicified fossils present.
v2B ____

Haragan formation: yellowish-gray, fossiliferous marlstone.

P2-A

Covered
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STRATIGRAPHIC SECTION P3
Cedar Hill

Location: The lower part of this section is located on a small north flow-
ing stream in the NW1/ sec. 9; it extends north to the top of Cedar Hill,
Skl sec. 4, and then along Chimneyhill Creek (South Fork of Jackfork
Creek) into tac NEi sec. 4; T. 2 N, R. 6 E., Pontotoc County, Oklahoma.
Woodford formation
Bois d’Are formation—Fittstown member: gray, fossiliferous calca-
renile; interbedded with argillaceous calcilutite in the lower part
and grading inlo the underlying member.
feel above hase
of formalion

P3y) 53 to 58
I 51 to 53
1 40 to 51
GG 27 to 40
e .- 23 to 27
E 18 to 23
oD 15 to 18
cC S 0 to 15

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of brown-weathering, porous
chert; upper part with beds of calcarenite and grading into over-
lying member.

feet above base
of formation

P3BB _ 12 to 33

AAC(CY) o 0 to 12

Haragan formation: yellowish-gray, fossiliferous marlstone.
P3X ___ 0 to 4’ above base of formation.

Henryhouse formation: yellowish-gray, fossiliferous marlstone like
Haragan above.
feet above base
of formation

P3-W 230 to 233
Vo 220 to 230
U oo R 214 to 220
T 204 to 214
S 187 to 204
R o e 181 to 187
Q 168 to 181
P o 155 to 168
O 119 to 155
N 113 to 119
M 103 to 113
P 83 to 103
K o 8l to 83

R 52 to 81
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I 49 to 52
v____ 45 to 49
G . _ . %21t 45
F _____ S 19 to 24
E 12 to 19
b 0to 12

Chimneyhill formation—Clarita member: gray, fossiliferous calcilu-
tite and calcarenite with pink pelmatozoan fragments.
v-Cc _________

STRATIGRAPHIC SECTION P4
Small quarry Southeast of Cedar Hill

Location: This section is located in a small quarry on the southeast side
of the road, SWi4 SWi/ sec. 3, T. 2 N., R. 6 E., Pontotoc County, Okla.
Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous,
fossiliferous calcilutite with nodules of brown-weathering, tripo-
litic chert.

Pa-C____
Haragan and Henryhouse formations:
P4-B (covered) ___ . ___ 14/

Henryhouse formation: yellowish-gray to pale, greenish-gray, fossili-
ferous marlstone.

Pa-A ___ 0 to 15" above base of section (P4-A)
Covered.

STRATIGRAPHIC SECTION P6
Southwest of Cedar Hill

Location: Small glade on the south side of the road, SEY, SW1/ sec. 4,
T. 2N, R. 6 E., Pontotoc County, Okla.

Covered.

Henryhouse formation: yellowish-gray, fossiliferous marlstone.
feet above
the Clarita

Glade: collection P6 made here ___________ 15 to 27
Covered ___________ __________ 0 to 15

Chimneyhill formation—Clarita member: gray, fossiliferous calcilutite
with pink pelmatozoan fragments.

STRATIGRAPHIC SECTION P7
North of Chimneyhill Creek

Location: Small road side (west) outcrop of Henryhouse, NE4 SE14
sec. 32, T. 3 N., R. 6 E., Pontotoc County, Okla.

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of brown-weathering tripo-
litic chert.

Haragan and Henryhouse formations.

Covered ___________ ____________________ 10

Henryhouse formation: yellowish-gray, fossiliferous marlstone.
Collection P7 __________________________ 7
Covered _______________________________
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STRATIGRAPHIC SECTION P9
Coal Creek

Locaiion: This section is located on the north side of Coal Creek, NW17}
sec. 22, T. 1 N., R. 7 E., Pontotoc Co., Okla.
Bois d’Arc formation—Fittstown member? : gray to yellowish-gray cal-
carenite and argillaceous calcilutite; nodules of vitreous chert.
Grades into underlying beds.
feet above base

of member
o Q . 12 to 54
v ____ 0 to 12

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argillaceous calcilutite with nodules of brown-weathering porous

chert.
feet above base
of member
o0 ________ 56 to 83
N 34 to 56
M 14 to 34
L 0 to 14

Haragan formation: yellowish-gray, fossiliferous marlstone.
feet above base
of formation

oK 66 to 92
I 39 to 66
I 27 to 39
] 11 to 27
G o 9 to 11
2t 9
Y 0to 2

Chimneyhill formation—Clarita member: gray, fossiliferous calcilu-
tite with some beds of calcarenite; pink pelmatozoan plates.

P9-D

STRATIGRAPHIC SECTION P10
Southeast of Fittstown

Location: This section is located about 1% mile south of Oklahoma High-
way 61 and approximately 3 miles southeast of Fittstown; NEY4 SElj
sec. 7, T. 1 N., R. 7 E., Pontotoc Co., Okla.

Frisco formation: gray, medium- to coarse-grained fossiliferous cal-
carenite with nodules of vitreous chert; beds range from 1 to 3
feet in thickness.
eov _______

Bois d’Arc formation—Fittstown member: yellowish-gray, fossili-
ferous, argillaceous calcilutite with beds of calcarenite; nodules
of vitreous chert; beds to 6 or 8 inches. Grades into underlying
member,
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feet above base

of member
vouv _____ ________ 6 to 54
T Oto 6

Bois d’Arc formation—Cravatt member: yellowish-gray, fossiliferous,
argiflaceous calcilutite with nodules of brown-weathering, porous

chert.
feet above base
of member
rios __________ _ _______ 43 to 54
R 35 to 43
Q — 12 to 35
F___ 8to 12
o ___ 0Oto 8

Haragan formation: yellowish-gray, fossiliferous marlstone; some beds
with pink mottling.
feet above base
of formation

PION _____ . 150 to 154
M B 137 to 150
L 117 to 137
K _ 109 to 117
J - 99 to 109
' 45 to 99
5 0 to 45
Haragan and/or Henryhouse formation.
P10-G (covered) ____ ________________ 27
Henryhouse formation; yellowish-gray, fossiliferous marlstone.
PIO-F _______ _____ 0 to 16” above base of formation.

Chimneyhill formation-—Clarita member: light-gray to pinkish-gray,
fossiliferous calcilutite with some calcarenite; pink pelmatozoan
fragments.

PlOE _____

STRATIGRAPHIC SECTION P11
Bois d’Arc Creek

Location: Located in the bed of Bois d’Arc Creek, NWi4 NE14 sec. 11,
T. 2\N., R. 6 E., Pontotoe Co., Oklahoma.
Frisco formation: gray, medium- to coarse-grained, fossiliferous cal-
carenite; beds from 8 inches to 2 feet.
o
Bois d-Arc formation—Fittstown member; calcarenite with beds of
argillaceous calcilutite; highly fossiliferous; beds to 6 inches in
thickness.
feet above base
of unit P11-A
Y18 _____ ____ 10 to 13
A 0 to 10
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STRATIGRAPHIC SECTION P12
North of Chimneyhill Creek

Location: Small hill top glade, just west of the section line road, NEY}
NEY4 sec. 32, T. 3 N., R. 6 E., Pontotoc Co., Okla.
Bois d’Arc formation—Cravatt member: yellowish-gray, argillaceous
calcilutite with nodules of brown-weathering, porous chert.
Haragan and Henryhouse formation.

Covered ________ 10/
Henryhouse formation: yellowish-gray, fossiliferous marlstone.
Glade, Collection P12 __ _______ ____ ____ 207

STRATIGRAPHIC SECTION P13

Southeast of Fittstown

Location: This section is located in a small quarry on the north side of
Oklahoma Highway 61, about 2% miles southeast of Fittstown; SWij
SE14 sec. 1, T. 1 N., R. 6 E., Pontotoc Co., Okla.

Covered.

Bois d’Arc formation—Cravatt member: yellowish-gray to gray fossili-
ferous, argillaceous calcilutite with some beds of calcarenite;
nodules of chert. Collection P13 taken from about 20 feet of
strala exposed in the quarry.

Covered.

BRACHIOPOD DESCRIPTIONS

The articulate brachiopod fauna of the Haragan formation is described
on the following pages. For purposes of comparison species from other
formations are illustrated and discussed, but unless otherwise noted the
descriptions herein given are based on Haragan specimens collected by the
writer. The section on each species closes with a paragraph on Distribution
which lists, by collection number and letter (e.g. MI10-L), the locality
(M10) and stratigraphic position (L) where it has been found; the data
pertaining to these collection numbers are given in the chapter on GEo-
GRAPHIC AND STRATIGRAPHIC SOURCE OF Fossit COLLECTIONS.

The repository and catalog number is given for all holotypes and fig-
ured specimens. Most of these are in the collections of the University of
Oklahoma, but some are from other institutions. The names of these re-
positories have been abbreviated as follows:

OU—Paleontological collections of the University of Oklahoma.
USNM-—United States National Museum.

Yale—Peabody Museum of Natural History, Yale University.
AMNH—American Museum of Natural History.

The Haragan brachiopod fauna collected by the writer is a large one
and most of the species are represented by many, well preserved, free speci-
mens. Such a large representation makes it possible to obtain a somewhat
clearer picture of specific variation than is commonly the case with Paleo-
zoic invertebrate faunas. In describing this fauna an attempt has been made
to show the major variations that exist within any particular species. The
writer has no particular inclination towards a profoundly “statistical” ap-
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proach to descriptive paleontology, but he has tried to outline the principal
morphologic ranges by means of tables and simple graphs.

In the descriptive work some use has been made of the subspecies
category. This taxonomic unit is here employed for those populations show-
ing a slight, but consistent, morphologic deviation from the parent species.
In particular the writer has used this category to distinguish conspicuous
size differences, such as those existing between some of the related Haragan
and New Scotland brachiopods. This is discussed further in the chapter on
AGE AND CORRELATION.

The 38 species described in this report are distributed among 34
genera. For each species the writer has tried to determine the significant
internal structures in order to make the generic assignments as accurate as
possible. In most cases this designation is believed to be satisfactory, and
in fact many of the genotypes are New York Helderberg species which are
either conspecific with, or closely related to, Haragan species. There are,
however, some 5 or 6 generic assignments whose validity is questionable.
Such genera as Cyrtina, Howellella, Sphaerirhynchia, and Schwellwienella
are based on European species whose internal characters are only imper-
fectly known and therefore species assignments to these must be regarded
as provisional.

The brachiopods are commonly divided into two distinct units, the
Gastrocaulia or Inarticulata, and the Pygocaulia or Articulata. These two
divisions have generally heen treated as classes, although some have ele-
vated them to subphyla and a few have suggested that the differences in
anatomy, shell structure and embryology are sufficient to justify removing
them to separate phyla. Both groups are present in the Haragan, but the
articulates are much more common and are the only ones described in this
report. At the present time because there is no satisfactory classification
for the Pygocaulia at the ordinal level the genera are only grouped accord-
ing to superfamilies.
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Crass ArticuLATA (PycGocauLia)
SUPERFAMILY ORTHACEA
Orthostrophia Hall 1883

ORTHOSTROPHIA STROPHOMENOIDES PARVA Amsden,

new subspecies
Plate 1, figures 22-32; text figures 3, 4; table 1
Orthostrophia strophomenoides (of Girty 1899, p. 561; of Reeds 1911,

p. 264; of Maxwell 1936, p. 90; of Schuchert and Cooper 1932, pl. 6,

fig. 24) ; not Hall 1857. ‘

Description: Shells of this subspecies have a transverse outline, with
the width at all growth stages consistently greater than the length; cardinal
extremities slightly alate, but the maximum width in most specimens is
reached near the front, and since the front margin is commonly rather
straight these shells have a distinct tendency towards a rectangular outline.
The lateral profile is biconvex with the brachial having the greater con-
vexity; in immature shells the convexity of the two valves is nearly equal,
but with an increase in size the brachial deepens more than the pedicle,
and in large, robust shells the brachial may be twice as deep; commonly
the pedicle valve becomes flattened towards the front end, but is probably
reversed in no specimen (several specimens in the collection show what
appears to be a reversal, but in all cases this seems clearly to be caused
by crushing of the anterior, thinner part of the valve). Pedicle cardinal
area apsacline, brachial orthocline to apsacline. Pedicle beak small, but con-
sistently more prominent than, and extending posterior to, the brachial
beak. The pedicle valve has a fold that begins in front of the beak; on most
shells (pl. I, fig. 24) the fold extends to the front margin, but in some (pl.
I, fig. 22) it dies out and the anterior part of this valve becomes almost
flat; the fold is commonly narrow and moderately well marked off from
the lateral slopes, with some shells having an indistinct trough on each side
of it. The brachial valve has a corresponding sulcus, beginning just in front
of the beak and commonly extending to the front margin. The sulcus is
generally narrow and well defined in the posterior portion, becoming broad
and less well marked towards the front. On most individuals the fold and
sulcus are well defined, at least on the posterior half of the valves, but there
are a few specimens in which they are faint. Surface multicostellate, cos-
tellae subangular, 6 to 9 occupying a space of 5 mm (table 1); costellae
and interspaces crossed by concentric filae.

The dimensions for a suite of individuals of different sizes are giver
in table 1; this covers most all growth stages represented in the collections
and indicates that the average length of a mature individual is approxi-
mately 17 mm. The ratio of length to width is remarkably consistent in
this species, but the thickness is much more variable (table 1; fig. 3). One
of the largest specimens in the collection is a fragment of a pedicle valve
having an estimated length of 28 mm and a width of 32 mm.

The pedicle and brachial interiors are shown on plate L, figures 30-32.
The pallial markings and ovarian impressions are excellently preserved in
the pedicle valve shown on plate I, figure 32; text figure 4 is a drawing of
the interior of this valve.
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Shell substance impunctuate,

Discussion: The Haragan specimens of Orthostrophia have generally
been identified as O. strophomenoides (Hall 1857, p. 46; 1859A, pp. 177-
178, 481, pl. 14, figs. 2a-1, pl. 23, figs. 7a-g; Hall and Clarke 1892, pl.
S5A, figs. 24-27, pl. 6, figs. 32-34), a species based upon specimens from
the Helderberg (New Scotland) of New York. The writer has examined
New York collections of this species from Peabody Museum-Yale Univer-
sity, and the U. S. National Museum, and would agree that the Haragan
shells are similar to those from the New Scotland in both profile and out-
line. The ornamentation is also somewhat similar although the New York
specimens appear to have a slightly finer costellation. There is, however, a
distinct size difference which warrants the separation of the Haragan shells
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at the subspecies level (See discussion on size and subspecies in the INTRO-
DUCTION) . Specimens 30 mm wide or more are fairly common in the New
York collections and there are individuals ranging up to more than 35 mm,
whereas in the Hunton a specimen 30 mm wide is a rarity and the average
is around 22 mm as shown in figure 3.

TABLE 1
Orthostrophia sirophomenoides parva Amsden. Haragan formation.
Width Thickness Ratio Ratio Costellae
Length {max.) (max.) Length Length No. in S5mm
mm mm mm Width Thickness @ ant. end
5.5 7.9 2.8 0.69 1.96 6
) 9.6 3.8 0.76 1.92 6
3.6 105 4.5 0.82 1.90 6
9.1 10.9 3.5 0.90 2.60 5
9.2 11.4 4.4 0.81 2.10 7
10.0 12.3 5.5 0.81 1.81 8
10.4. 12.5 4.6 0.83 2.25 7
10.8 13.5 5.6 0.80 1.92 8
10.6 12.1 50 0.87 2.10 —
11.1 14.0 4.6 0.79 241 6
11.4 14.1 4.9 0.81 2.33 6
12.7 14.5 5.5 0.87 2.31 6
13.5 16.4 6.9 0.82 1.92 7
14.2 17.2 8.4 0.83 1.69 9
15.0 17.7 7.1 0.86 2.10 _
15.7 19.6 8.2 0.80 1,01 7
16.2 19.6 9.0 0.83 1.80 7
16.4 20.0 8.8 0.82 1.86 7
16.4 19.1 8.2 0.86 2.00 _
16.9 19.5 7.1 0.87 2.38 7
17.0 20.0 7.9 0.85 2.15 8
17.0 19.8 8.8 0.86 1.93 10
17.0 21.1 9.1 0.80 1.88 7
17.0 21.8 9.5 0.78 1.79 0
17.3 22.6 10.0 0.77 1.73 7
17.7 21.6 9.0 0.82 1.97 7
18.1 20.6 11.7 0.88 1.55 _
18.1 20.9 9.5 0.87 1.90 _
18.5 22.0 10.5 0.84. 1.76 3
18.5 21.7 10.5 0.88 1.76 9
18.8 22.1 9.1 0.85 2.00 7
18.8 21.9 10.5 0.86 1.80 8
19.5 24.2 10.5 0.81 1.86 8
19.7 23.4 8.0 0.84 2.46 7
22.1 26.4 10.0 0.83 2.20 8

22.4 27.0 10.4 0.83 2.15
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In 1869 Safford (p. 328, 533) named the species O. halli, basing his
description upon specimens from the Helderberg {probably Birdsong shale)
of western Tennessee. Hall and Clarke (1892, explanation, pl. 5A) be-
lieved this to be conspecific with O. sirophomenoides, and this interpre-
tation has been accepted by later authors (Schuchert 1897, p. 205; Schu-
chert and Cooper 1932, pl. 6, figs. 27-28; Dunbar 1919, p. 2, fig. 16).
The writer has recently studied Dunbar’s collection of O. strophomenoides
from the Birdsong shale of western Tennessee. These shells are comparable
in size to those from the Helderberg of New York, ranging up to 35 mm
in width. In addition to being larger than the Haragan specimens, the Bird-
song shells have slightly finer ribbing and the brachial sulcus is not quite
so well defined.

FIGU}_{E 4. Orthostrophia strophomenoides parva Amsden, n. subsp. Enlarged
drawing (x 3) showing the pallial and ovarian impressions; this is the specimen
shown on plate I; figure 32.

L Muscle scar
O Ovarian impression
P Pallial impression

Two species, O. dixoni Foerste and O. brownsportensis Amsden (1949,
pl. 1, fig. 26, pl. 34, fig. 1, 4) have been described from the Brownsport
formation of western Tennessee. Foerste’s species was based on a fragment
of one valve and is poorly known, but 0. brownsportensis is quite similar
to 0. strophomenoides parva in size, outline and ornamentation. The
Brownsport shell can, however, be easily distinguished by the change in its
fold and sulcus; these begin at the posterior end just as they do in the
Helderberg shells, but in a short distance they reverse themselves, ending
up with a pedicle sulcus and a brachial fold. This seems to be a rather
common characteristic on Silurian orthostrophias judging from the collec-
tions at the U. S. National Museum. The Henryhouse collections studied by
the writer in 1951 included 3 fragmentary individuals which were pro-
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visionally referred to O. brownsportensis (Amsden 1951, p. 78, pl. 15, fig.
31). In 1957 the writer restudied the figured specimen at the U. S. National
Museum; both externally and internally this is much like O. sirophome-
notdes parva, exhibiting no tendency towards a reversal of the fold and
sulcus, and, it therefore seems most probable that these three specimens
represent loose shells washed down from the Devonian. The new collection
made by the writer have not yielded any unequivocal specimens of Ortho-
strophia from the Henryhouse.

The subspecies name is from the Latin parvus and has reference 1o the
smaller size, when compared to shells of O. strophomenoides strophone-
noides. '

Holotype: Locality M4. Catalog number OU-905.

Figured specimens: Localities C1-K; M4. Catalog numbers OU-906
to OU-908.

Distribution: This fossil is common in the Haragan at most places.
It is especially abundant at White Mound (M4) where well-preserved, free
specimens can be picked up in great numbers. The collections made by the
writer include over 300 specimens from the following localities: Cl1-1, -J,
-K, -L, -M to O; C2.IF; J11-D; M1-G, -H, -1, -], K, -L; M2-], K, -L, -M;
M4; M9-B, -C, -D; MI10-L; M11-A; M14-1; P9-G, -1, -J, -K; P10-L.

Skenidium Hall 1860
SKENIDIUM INSIGNE (Hall) 1859

Plate X1, figures 17-26; plate XIV, figures 12-15

Orthis insignis Hall 1859 (p. 173, pl. 10A, figs. 13-15).

Scenidium insigne (Hall). Hall and Clarke 1892 (p. 241); Dunbar 1919,
(p. 53).

Skenidium insigne (Hall). Schuchert and Cooper 1932 (p. 73, pl. 13, figs.
1-5, 8). ' |
Description: Shell small, subpyramidal, transversely subelliptical in

outline. Hinge-line straight, cardinal extremities angular to slightly pointed

(pl. XI, fig. 23). Lateral profile subtriangular with a deep pedicle, and a

shallow to flat brachial valve. Pedicle valve tent-like with a wide, strongly

apsacline to procline palintrope; delthyrium triangular (pl. XI, figs. 24,

26), open on all specimens observed by the writer. Brachial valve with a

shallow sulcus beginning near the posterior and becoming broad and mod-

erately deep at the front margin (pl. XI, figs. 20-22}. Surface with low,
rounded costellae, 14 to 16 on a mature brachial valve; concentric growth

lines well marked on some shells, rarely developing a sublamellose appear-
ance. Shell impunctate.

This species has a small shell, an average specimen measuring 3 mm
wide, 2 mm long and 2 mm deep. One of the largest brachial valves is 3.5
mm wide and 3 mm long.

The brachial interior is shown on plate XI, figures 17-18 and plate
X1V, figure 14. Pedicle interior not observed.
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Discussion: S. insigne, which is the genotype of Skenidium, was
originally described by Hall, who based his species upon specimens from
the Helderberg (New Scotland) of New York. The writer has studied the
U. S. National Museum collections of this species from the Helderberg of
New York and finds these specimens similar to those from the Haragan in
all essential respects. The New York and Oklahoma representatives are alike
in size, ornamentation and shape. The writer has also examined the U. S.
National Museum specimens of S. insigne from the Birdsong shale of west-
ern Tennessee; a few of these shells attain a slightly larger size than do
those from Oklahoma or New York, but otherwise appear to be the same.
According to Tansey (1922, p. 172) this species is absent in the Bailey
limestone of Missouri.

One specimen has been found attached by the pedicle palintrope to
Rhipidomelloides oblata (pl. XIV, figs. 12, 15). The shape of both valves
closely conforms to the Rhipidomelloides shell and it appears reasonably
certain that the Skenidium grew attached in this manner. No other speci-
mens have been observed so attached.

Figured specimens: Localities M2-L, M; M4. Catalog numbers OU-
1086 to OU-1088.

Distribution: It is difficult to determine the abundance and distri-
bution of this species as its shell is so small that only rarely is it collected
along with the Haragan megafauna. Most specimens are obtained by wash-
ing and picking loose samples of marlstone, and this has been done at only
a few localities. The U. S. National Museum collections used by the writer
are from White Mound (M4) and old Hunton townsite (Cl) ; the writer’s
own specimens are all from the White Mound area (M4; M2-L, M). The
present description is based on a study of about 3 dozen specimens.

SUPERFAMILY DALMANELLACEA
Levenea Schuchert and Cooper 1931
LLEVENEA SUBCARINATA PUMILIS Amsden,
new subspecies

~

Plate I, figures 1-11; text figures 5, 6; table 2

Dalmanella subcarinata (of Girty 1899, p. 561, pl. 70, figs. la-lg; of
Reeds 1911, p. 264; of Maxwell 1936, p. 89) not Hall 1857.
Description: Transversely subelliptical in outline, hinge-line fairly

straight, cardinal extremities rounded; maximum width attained at about

mid-length; width greater than length at all growth stages (table 2, figure

5). Lateral profile unequally biconvex to plano-convex; pedicle beak small,

hooked over, but not in conjunction with, the brachial. Pedicle valve sharp-

ly flexed along the mid-line, extending from the heak to the front margin;
in its most extreme development the curvature of the shell along this line
is subangular or even ridge like, and could be termed a fold except it is
not marked off from the lateral slopes; this is a conspicuous feature of
most shells, but there are a few specimens in the collections on which it is
obscure. The brachial valve is weakly biconvex at the posterior, becoming
flat towards the front; a sulcus starts in front of the beak; this is narrow



LEVENEA SUBCARINATA PUMILIS 47

and well defined at its posterior end, but towards the anterior becomes
broad with obscure lateral margins; this sulcus is present on all shelis,
however, its depth is variable. Anterior commissure sulcate. Surface multi-
costellate, the number of ribs per 5 millimeters at the anterior end ranging
from 15 to 22, the average being 18 (fig. 6). Shell impunctate.

The specimens under study range in length from a little over 4 mm
to about 19 mm, the average falling around 14 mm. Table 2 gives the
dimensions of 41 specimens representing almost all growth stages.

The pedicle and brachial interiors are shown on plate I, figures 1, 4.
The cardinal process varies considerably in its size; the specimen illustrated
has the largest observed.

Discussion: The Haragan representatives of this genus have com-
monly been identified as L. subcarinata, a species based upon specimens
from the Helderberg (New Scotland) of New York (Hall 1857, p. 43, figs.
1, 2; Hall 18594, p. 169, pl. 12, figs. 7, 8, 13-21; Hall and Clarke 1892,
pl. 5c, figs. 25-33; Schuchert and Cooper 1932, p. 123, pl. 18, figs. 19-23).
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Girty was the first to make such an identification, although he did note
that the Oklahoma shells were smaller than those from New York.

The writer has compared the Haragan specimens directly with several
collections from the New York Helderberg that are presumed to be repre-
sentative of Hall’s species (collections from the University of Oklahoma,
Yale University and the U. S. National Museum). This comparison shows
that the New York and Oklahoma shells are much alike, a similarily that is
also brought out by the published illustrations. There seems to be little
variation in the shape of the pedicle valve, in the brachial sulcus, or in the
other shell features. The rib count of 8 specimens from New York ranges
from 15 to 22 costellae per 5 millimeters, the average being about 18, a
tigure which is identical to that determined for those from Oklahoma. The
ratio of length to width, and length to thickness is also similar; one speci-
men from Thatcher Park, New York, is 17.3 mm long, 19.4 mm wide and
9.3 mm thick, dimensions that can be closely matched by individuals from
the Haragan. There is, however, a marked size difference between the New
York and Oklahoma specimens and it is on the basis of this difference that
the present subspecies is established (see discussion on subspecies and size
in the INTRODUCTION). Specimens of L. subcarinata from New York com-
monly attain a length of 19 to 20 mm and the writer has measured one
individual 26 mm long (26 mm long, 30 mm wide and 11 mm thick). In
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Ficure 6. Frequency diagram comparing the costellae spacing on: Resserello
brownsportensis (Amsden), Henryhouse formation of Oklahoma and Brownsport
formation of Tennessee; Isorthis arcuarig (Hall and Clarke), same formations
and localities; Levenea subcarinata pumilis Amsden, Haragan formation of Okla-
homa. In compiling this diagram 31 specimens of R. brownsportensis were used,
and 30 specimens for each of the other two species.
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contrast the writer’s collection of L. subcarinate pumilis, which includes
over 300 specimens, has only a single shell reaching a length of 19 mm and
as shown in table 2 and figure 5 the average is less than 15 mm.

In 1920 Dunbar named the species Dalmanella macra (Levenea macra)
basing his description upon specimens from the Rockhouse shale of west-
ern Tennessee. Through the courtesy of Dr. Dunbar the writer borrowed
the types of this species from Peabody Museum, -Yale University. A com-
parison of these specimens of L. macre with the Haragan representalives
of L. subcarinata pumilis reveals a marked similarity; however, the cos-
tellae on Dunbar’s species are slightly coarser, and the convexity some-
what reduced giving the Tennessee species a somewhat emaciated appear-
ance. There is no significant difference between the internal chiaracters of
the Rockhouse and Oklahoma specimens.

The writer has examined Dunbar’s collection of L. subcarinata from
the Birdsong shale of western Tennessee, a species abundantly’ represented
in that formation (Dunbar 1919, p. 52, pl. 2, fig. 3). The Tennessee shells
are larger than the Haragan specimens, ranging up to 22 or 23 mm
in width.

Levenea subcarinata pumilis is one of the most common representa-
tives of the Dalmanellacea in the.Haragan, and since it is not present in
the underlying formations it is of stratigraphic value in locating the lower
contact. However, there are two somewhat similar species, Resserella
brownsportensis and Isorthis arcuaria (Amsden 1949, p. 43, 44, pl. 1, figs.
1-6, 12-16; 1951, p. 74, 76, pl. 16, figs. 17-23, pl. 15, figs. 39-44), that
are abundant in the Henryhouse and it seems probable that past investi-
gators working on the Hunton marlstones have confused these species, thus
adding to the stratigraphic problems associated with this part of the section
(Amsden 1957, p. 30). Most specimens of L. subcarinata pumilis* can be
recognized by their carinate pedicle valve, but there are some individuals
on which this character is obscure, thus making identification much more
difficult. Immature specimens of L. subcarinata pumilis, I. arcuaria and
R. brownsportensis are especially troublesome to identify and for this rea-
son the writer has recently (Amsden 1956B, pp. 78-83) presented some
additional data on the two Henryhouse species, including a comparison
with the Haragan species. This paper was particularly concerned with fur-
nishing information pertaining to growth stages and the interested person
can compare the tables given therein with table 2 of the present report.
The graph comparing the costellae spacing is reproduced in figure 6.

The collections under study include over 300 well preserved specimens
representing a rather complete sequence of growth stages from a specimen
slightly more than 4 mm long to one about 19 mm long. A study of this
suite of specimens shows remarkably little variation in the length/width
ratio, even in immature shells. This ratio shows a range of only 0.18, and
as shown on table 2 and figure 5 this relationship holds true for all growth
~stages. The length/thickness ratio is not as constant, ranging from 1.7 to
2.7, but even here the majority of specimens show only moderate variation.

* The internal structures of Levenea, Isorthis and Resserella are distinct.
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TABLE 2
Levenea subcarinata pumilis Amsden. Haragan formation
Ratio Ratio
Length Width Thickness Length Length
mm mm mm Width Thickness
4.8 o.1 2.3 0.94 1.71
0.4 6.4 2.8 0.84 1.93
3.5 6.1 3.1 0.90 1.74
0.0 7.0 2.8 0.86 2.15
0.5 7.8 3.3 0.83 1.97
6.8 8.1 2.8 0.85 245
6.9 8.7 3.4 0.79 2.03
0.2 10.5 4.3 0.87 2.15
0.2 11.4 4.4 0.80 2.10
9.5 11.0 4.8 0.86 1.98
10.0 11.9 4.6 0.92 217
10.2 11.4 4.9 0.90 2.10
10.4 12.3 4.9 0.85 2.12
10.4 11.5 5.0 0.90 2.06
10.5 11.4 5.7 0.92 1.84
11.0 12.7 5.3 0.87 2.08
11.1 13.7 2.0 0.81 2.22
11.3 12.8 6.1 0.88 1.85
11.7 13.9 4.3 0.64 2.71
12.0 14.2 0.4 0.85 2.21
12.1 13.9 5.0 0.87 2.42
12.3 14.5 6.5 0.85 1.90
12.4 13.6 6.4 0.91 1.94
12.5 14.6 6.4 0.86 1.96
13.1 15.1 6.4 0.87 2.05
13.4 15.8 — 0.85 _—
13.7 15.7 7.5 0.87 1.82
14.0 16.8 7.1 0.83 1.99
14.1 15.8 6.9 0.89 2.03
14.2 16.4 7.5 0.87 1.90
14.7 16.7 6.8 0.88 2.16
14.8 16.9 7.6 0.87 1.95
14.8 16.7 7.5 0.89 1.98
14.9 16.6 7.8 0.90 1.91
15.6 18.8 8.1 0.83 1.77
15.7 18.4 7.5 0.85 2.10
16.4 16.7 9.0 0.98 1.82
16.7 18.7 9.0 0.88 1.88
17.3 19.1 6.7 0.90 2.58
17.6 20.0 8.9 0.80 1.98

19.1 21.4 9.5 091 2.0
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There is some variation in the development of the angular bend on the
pedicle valve and in the depth of the brachial sulcus. On most shells these
are conspicuous features; however, therc are some individuals on which
one, or both, of these characters are obscure. Considering the large num-
ber of specimens studied, the shells of L. subcarinata pumilis are remark-
ably uniform.

The subspecies name is from the Latin pumilis and refers to the small-
er size in comparison with the shells of L. subcarinata subcarinata from
New York.

Holotype: Locality M4. Catalog number OU-913.

Figured specimens: Localities Cl1-J; ML-G, K; M2.J; M4. Catalog
numbers 0OU-909 to OU-912, OU-914, OU-915.

Distribution: This is a common and widely distributed species in
the Haragan formation. There are over 300 specimens in the collections
from the following localities: C1-H, -1, -K, -L, -M, N, -O0; C2-F, -G, -H, -I;
Ca2-0; J11.D; M1G, -H, -1, -], K; M2-H, -J, K, -L, -M; M8-L, -N;
MO-A, -B, -C, -D; MI10-L, -M; M11-A; M14-E, -I, -H, -I; Po-J, K; P10-
H, -L.

Dicoelosia King 1850
DicoeLosia varica (Conrad) 1842
Plate I, figures 12-21; plate XII, figure 18; text figure 7; table 3

Delthyris varica Conrad 1842 (p. 262, pl. 14, fig. 20).

Orthis varica (Conrad). Hall 1859A (p. 179, pl. 24, fig. 1}.

Bilobites varicus (Conrad). Beecher 1891 (p. 52, pl. 1, figs. 3-27); Hall
and Clarke 1892 (p. 204-223, pl. 5B, figs. 15-19); Girty 1899 (p.
547) ; Schuchert and Cooper 1932 (p. 130-131) ; Cooper 1944 (p. 355,
pl. 138, fig. 49).

Description: The shell of this species is subequally biconvex with an
erect pedicle beak that is slightly longer than the brachial. The hinge-line
is straight and much shorter than the maximum shell width; a shell 7 mm
wide will have a hinge-line less than 2 mm long. In outline it is subtriangu-
lar with the front margin deeply indented, giving the shell a bilobed ap-
pearance. This bilobation is produced by the union of a well developed
pedicle sulcus, with an equally well developed brachial sulcus. These sulci
begin just in front of the beaks, becoming progressively deeper towards the
anterior margin, where they unite to produce the lobation. There is some
variation in the degree of development of this lobation, but it is a con-
spicuous feature on all specimens. As may be seen in table 3 a suite of 17
individuals shows a range in the ratio of total-length/length-at-mid-line
from 1.09 to 1.36; this relationship is shown graphically in figure 7. The
length/width ratio shows less variation, ranging from 0.77 to 0.94 (see
also figure 7). The costellae are low and rounded, 3 to 4 occupying a space
of 1 mm (table 3). The collections include a suite of specimens ranging
from slightly over 1 mm in length up to almost 7 mm, the average falling
around 5.5 mm (fig. 7). Table 3 records the dimensions of a group of
specimens ranging from 3.5 to 6.4 mm in length.

The pedicle and brachial interiors are shown on plate I, figures 12, 16.
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DICOELOSIA VARICA

Discussion: It has been common practice for many years to refer
this species (and the genotype D. biloba) to Bilobites, this generic name
being ascribed to Linnaeus. In 1948 Cloud (pp. 373-374) revealed that
this name did not appear in Lirnaeus, the first application of Bilobites to
a brachiopod being by Quenstedt in 1869. However, King had previously
proposed the generic name Dicoelosia in 1850 (type species Anomia biloba
Linnaeus) and therefore this name has priority over Bilobites of Quen-
stedt 1869, a name already preoccupied by Bilobites d’Orbigny 1842 and
Bilobites Bronn 1848 (pelecypod). In the text King (1850, p. 106) spelled
it Dicaelosia, but in the index of this work it appeared as Dicoelosia. Re-
cently Sinclair (1951, pp. 228-231) discussed this question of spelling and
concluded that Dicaelosia was a typographical error for Dicoelosia.
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Feure 7. Scatter diagram showing the total length-width (circles) and total
length-mid line length (iriangles) for Dicoelosia varica. The circles are plotted
from the base (total length) and the left hand side (width) ; the triangles from
the base (total length) and the right hand side (mid line length). Specimens
from the Haragan of Oklahoma are indicated with solid circles and triangles;
those from the Helderberg (? Kalkberg limestone), Albany County, New York
with apen circles and triangles. All length measuremenis are of the pedicle valve.
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D. varica was first described by Conrad who based his description
upon specimens from the Helderberg (? New Scotland) of New York. The
writer has not examined the primary types of this species, but has had an
opportunity to compare the Haragan shells directly with many specimens
from the Helderberg of New York which are presumed to be representative
of Conrad’s species. There are many specimens of this species in the collec-
tions at the University of Oklahoma, and in the collections at Peabody Mu-
seum, Yale University. These represent several New York localities, but the
best material is from near Clarksville.in Albany County, the formation com-
monly being identified as the Kalkberg limestone. The New York shells are
generally well preserved and are similar to those from the Haragan in

TABLE 3
Dicoelosia varica (Conrad)
Ratio
Length Length mm Total
{total ped. valve length No.
pedicle Width @ mid line Ratio Length-at-  Costellae
valve) (max.)  Thickness (See Length mid-line in
mm mm mm fig. 7) Width (ped.) 1 mm
D. variee Haragan formatien Oklahoma
3.5 4.5 1.9 3.2 0.78 1.09 3
3.7 4.6 2.8 _ (.80 L 4
3.8 4.7 1.7 2.8 0.81 1.36 4
4.1 5.0 2.1 34 0.82 1.20 3
4.5 5.5 2.1 3.6 0.82 1.25 4
4.6 5.3 2.2 3.8 0.84 1.21 3
4.6 5.9 2.4 3.5 0.78 1.32 4
5.0 6.2 2.6 4.4 0.81 1.14 3
5.1 6.4 2.8 3.9 0.80 1.30 3
o.1 6.6 3.2 4.1 0.77 1.22 4
5.2 6.1 3.0 4.6 0.85 1.14 3
2.4 5.7 3.1 4.6 0.94 1.18 3
5.4 6.4 2.6 4.6 0.85 1.18 3
2.5 6.4 2.5 4.5 0.86 1.22 4
2.9 6.4 3.1 4.5 0.86 1.22 3
3.5 6.5 3.2 4.6 0.85 1.20 4
6.4 7.1 3.5 5.5 0.90 1.16 3
D. varica—Helderberg (Kalkberg limestone) —New York
4.9 6.0 2.9 4.2 0.82 1.16
5.4 6.1 2.3 4.3 0.89 1.26
5.4 6.1 3.1 4.7 0.89 1.15
3.5 6.4 2.9 4.8 0.86 1.14. 4
0.7 7.1 3.2 4.9 0.80 1.16 3
5.7 6.9 3.0 4.9 0.83 1.16 3
6.0 6.9 3.5 5.2 0.87 1.16 4
6.1 7.3 3.7 5.1 0.84 1.20 3
6.2 7.1 3.4 5.5 0.87 1.12
6.4 7.7 3.5 5.5 0.83 1.16 3
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shape, ornamentation and relative proportion of length to width (table 3).
The only real difference is that the Albany County specimens are, on the
average, slightly larger than are most of the Haragan shells, the New York
specimens commonly attaining a length of 6 to 7 mm. However as shown
in figure 7 this difference is small, generally less- than a millimeter, and
there are some Haragan shells which reach a length almost as great as any
from New York. There does not appear to be any ob]ectlve morphologic
basis for separating the New York and Oklahoma specimens and accord-
ingly the two are treated as conspecific.

Dunbar (1919, p. 52, pl. 2, fig. 4) recorded D. varica from the Bird-
song and Ross formations of western Tennessee, and Wilson (1949, pp.
289, 294) also listed it from the same formauons Tansey (1922, p. 185,
pl. 16, figs. 18-25) reports it from the Bailey limestone of Missouri.

A similar species, D. oklahomensis (Amsden 1951, p. 77, pl. 15, figs.
1.7; 1949, p. 44, pl. 1, figs. 12-16), is present in the Henryhouse forma-
tion. This species commonly has a more pronounced lobation than D. varica,
this being especially true of larger individuals (pl. XII -C) ; a specimen of
D. oklahomensis with a total length (pedicle valve) of 4 mm has a mid-
length of 2 mm, thus giving a ratio of 2 which is much larger than any
recorded from ). varica (table 3). Mature specimens of D. oklahomensis
are smaller than the average Haragan specimens, the largest individual in
the Henryhouse collections is slightly over 4 mm whereas most of the speci-
mens of D. varica recorded in table 3 are larger. D. oklahomensis is com-
mon in the Henryhouse, but D. warica is much more abundant in the
Haragan.

Girty (1899, p. 547) first recorded this species from Oklahoma, but
he gave no description or illustration. It is surprising that Reeds (1911)
makes no mention of any species of Dicoelosia (= Bilobites) from the
Haragan since it is common, but Maxwell (1931, p. 24; 1936, p. 89) re

cords it in faunal lists.

Figured specimens: Localities C1-K, -M; PI10-L. Catalog numbers
0OU-916 to OU-919 incl.

Distribution: This is a rather widely distributed species, being repre-
sented on most Haragan sections. The present study is based on about 125
specimens from the following localities: C1-1, -J, -K, L, -M; M1-1, -J, K,
-L; M2.K, -L, -M; M-4; M8-L, -N; M9-A; MIO-M, -L; M14-F, -I; P9-E,
-J; P10-H, -L.



35

Rhipidomelloides Boucot and Amsden, new genus

R HIPIDOMELLOIDES 0BLATA (Hall) 1857
Plate 11, figures 1-16; plate XII-A; text figures 8-10; tables 4, 5

Orthis oblata Hall 1857 (p. 41, figs. 1-5) ; Hall 1859A (p. 162-164, pl. 10,
figs, 1-22).

Rhipidomella oblate (Hall). Hall and Clarke 1892 (p. 210, 225, pl. 6A,
figs. 3, 4); Girty 1899 (p. 547, 562, pl. 70, fig. 3A); Reeds 1911
(p. 267) ; Maxwell 1936 (p. 90); Cooper 1944 (p. 355, pl. 139, figs.
16, 17).

Rhipidomella oblata emarginata (of Girty 1899, p. 562-563, pl. 70, figs.
2a-2j) ; not Orthis oblata emarginata Hall 1859.

Rhipidomelloides oblata (Hall). Boucot and Amsden (Part IV, this
Bulletin).

Description: Shells typically subcircular to transversely elliptical in
outline; width in nearly all specimens greater than length; a few immature
individuals are slightly longer than wide (table 4). The length of the hinge-
line in relation to the other shell dimensions is variable, and this results in
much of the variation observed within this species. Commonly the hinge-
line is fairly straight with the cardinal extremities either rounded or slight-
ly extended to produce modified shoulders; such shells have the charac-
teristic subrounded to transversely elliptical appearance. However, some
shells have a relatively short hinge-line, giving them a slightly subtriangular
outline (pl. II, fig. 10; text fig. 8); these are the Haragan forms which
Girty and others have identified as R. oblata emarginata (see under Dis-
cussion) .

In lateral profile most shells are unequally biconvex, the brachial con-
sistently having the greater convexity. The brachial valve is generally uni-
formly and strongly biconvex, but it is not uncommen to-find individuals
with a mid-line flatiening, and some even show a sulcus (pl. II, figs. 12-
14) ; this sulcus is best developed on smaller shells, but is not confined to
these, also being present on large individuals. Presumably these sulcate
specimens are those which Maxwell identified as R. ellsworthi Tansey (see
under Discussion). The pedicle valve is weakly convex; commonly it is
flattened towards the anterior end, and may even become slightly concave;
rarely this valve develops faint, mid-line elevation. There are a few speci-
mens in the collection with well developed convexity on both valves, and
these strongly biconvex shells are probably those which Maxwell identified
as R. melvillei Tansey. Table 4 gives the thickness and length/thickness
ratio for a series of specimens of different sizes.

The beaks of both valves are small, with the pedicle more or less erect
and extending slightly posterior to that of the brachial. Pedicle palintrope
apsacline, approaching orthocline on some shells.

The collection under study includes specimens ranging in length from
about 4 mm up to 32 mm. Table 4 gives the measurements for a suite of
individuals representing almost all growth stages (See also fig. 8).

Ornamentation multicostellate; the number of costellae per 5 mm
range from 11 to 17, the average being 13 to 14 (table 4). Shell punctate.
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The pedicle muscle scar is moderately deep and semiflabellate (pl.
II, figs. 1, 3, 4; text fig. 9-B); it extends forward about half, or more
than half, the length of the valve, the ratio of length-of-valve/length-of-
muscle scar ranging from 1.6 to 2. The brachial interior is shown in plate
I1, figure 5.

Discussion: This is one of the most common shells in the Haragan
formation. There are well over 300 excellently preserved specimens in the
collection under study, representing almost all stages of growth. Many
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Ficure 8. Scatter diagram comparing the length-width (circles) and length-
hinge width (triangles) relationships of Rbhipidomelloides oblata (Hall) and
Rhipidomelloides henryhousensis {Amsden). Al of the specimens of R. oblaia
are from the Haragan formation (solid circles and triangles), and all of the R.
henryhousensis are from the Henryhouse formation (open circles and triangles).
The circles are plotted from the base (length) and the left hand side (width);
the triangles from the base (length) and the right hand side (hinge width).



RHIPIDOMELLOIDES OBLATA 57

TABLE 4

Rhipidomelloides oblata (Hall). Haragan formation
Ratio  Costellae
Hinge Ratio Ratio Length (per 5 mm
Length  Width Thickness Line Length  Length Hinge @ ant.
mm mm Width Thickness Width end)

min mm
4.7 5.5 2.3 2.7 0.85 2.05 1.74 16
5.0 3.4 2.3 2.5 0.93 2.17 2.00 -
5.9 5.6 3.0 3.0 1.05 1.97 1.97 16
6.0 6.7 29 3.2 0.89 2.06 1.88 15
6.9 7.6 2.1 3.1 0.91 3.30 2.22 14
7.3 7.2 3.5 5.0 1.01 2.10 1.46 16
7.5 8.0 3.7 4.1 0.94 2.04 1.83 14,
8.0 8.5 4.9 4.0 0.94 1.64 2.00 14
8.2 9.0 5.1 3.9 0.85 1.60 2.10 14,
8.6 9.3 3.8 3.9 0.93 2.26 2.20 12
8.7 9.5 4.4 5.2 0.91 1.98 1.67 16
8.7 9.9 4.9 5.1 0.88 1.78 1.70 .
8.9 10.0 4.6 4.5 0.89 1.94 1.98 13
8.9 10.4 3.9 5.0 0.85 2.28 1.78 14
9.0 10.4 4.7 2.0 0.86 1.92 1.80 —
9.4 10.5 4.1 5.5 0.89 2.30 1.71 14
9.7 10.8 2.5 5.0 0.89 1.76 1.94 14
10.3 11.9 5.8 5.7 0.86 1.78 1.80 17
11.0 11.3 6.5 2.5 0.97 1:62 2.00 13
114 13.7 4.8 5.5 0.83 2.38 2.07 15
11.9 12.3 5.2 5.0 0.96 2.34 2.39 13
13.2 14.8 6.4 7.8 0.89 2.06 1.67 13
14.1 14.9 7.7 9.3 0.94 1.83 1.52 12
14.3 17.1 5.5 9.0 0.83 2.60 1.59 14
14.9 18.2 6.4 9.9 0.82 2.33 1.50 14
15.0 17.4 6.8 8.2 0.86 2.20 1.83 12
15.6 18.6 6.9 9.6 0.84 2.26 1.62 13
16.4 19.8 8.6 12.1 0.83 1.90 1.36 16
17.0 20.2 7.7 10.8 0.84 2.21 1.58 13
17.1 20.1 8.4 10.1 0.85 2.03 1.70 15
17.6 21.0 7.7 9.4 0.84 2.30 1.87 12
18.4 22.1 7.3 10.0 0.83 2.52 1.84 16
18.9 22.5 7.8 10.5 0.84 2.42 1.80 12
19.7 22.1 8.8 12.0 0.89 2.24 1.64 12
21.0 23.5 9.5 12.0 0.89 2.20 1.74 —

214  24.0 __ 110 0.89 - 1.94 11
211 236 . 109 0.89 . 1.92 .
233  26.4 91 110 11
23.8 277 - 104 0.8 . 2.30

275 332 118 137 0.86 2.33 2.0 12
205 314 121 0.94 - 2.45 _.
295 352 L 0.87 . - 11
30.5 335 _ 126 0.91 - 2.42 11
3.8 34.9 . 172 0.91 - 1.86 -

32.0 35.0 . - 0.92 -
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Ficure 9. Pedicle interiors of (A) Rhipidomelloides henryhousensis (Amsden.
from the Henryhouse formation, and (B) Rhipidomelloides oblata (Hall) from
the Haragan formation. Both enlarged 4.5. See plate XII-A.

A—Adductor muscle scar

D—Diductor muscle scar

P—Pedicle callist



RHIPIDOMELLOIDES OBLATA 59

variations can be observed within this large group of specimens: in outline
they range from subcircular to subtriangular; in profile from subequally
biconvex to convexi-plano; from evenly convex non-sulcate brachial valves
to those with a sulcus (all such gradations can be observed in a single col-
lection made at one locality). None of these characters, however, seems to
offer a satisfactory basis for a morphologic subdivision of the group into
distinct species or subspecies, because nearly all gradations can be found
from one end member to another. These end members can be easily distin-
guished from each other, but the majority of specimens in the collection
can only arbitrarily be placed with one or the other extremes. For this
reason the writer prefers to treat all of the Haragan rhipidomellas as mem-
bers of a single variable population. This interpretation is in contrast to
that of previous workers who have recognized from 2 to 6 species. Both
Girty and Reeds identified a species and a subspecies, R. oblata and R.
oblata emarginate (or R. emarginata). Maxwell recognized 6 species:

R. of. R. discus, R. ellsworthi, R. cf. R. melvillei, R. oblata, and R. sp. (2).

Ficure 10. Pedicle interior of Rhipidomelloides subtriungularis (Amsden) from
the Henryhouse formation (x 4.5).

A—Adductor muscle scar

D—Diductor muscle scar

P—Pedicle callist

It is the writer’s experience that certain specimens can be picked out of
the collections which will have at least a superficial resemblance to one or
the other of these species, but when one tries to fit all of the specimens in
the collection into such a classification the gradational change from one
type to the other becomes obvious.

Hall based his description of this species on specimens from the
Helderberg (New Scotland) of New York. The writer has had access to
large New York collections of this species at Peabody Museum—Yale Uni-
versity, U. S. National Museum and the University of Oklahoma. These
specimens are similar to the Haragan shells in outline, ornamentation and
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profile. It is, of course, somewhat difficult to make a satisfactory com:
parison of a species showing such variable characteristics, but in so far as
the writer can determine there is no reasonable basis for separating ihe
Haragan specimens, The only difference appears to be in the size, the New
York shells being slightly larger. The writer has measured a specimen from
the Helderberg Mountains with a length of 35 mm and a width of 40 mm,
and Hall (1859A, pl. 10, figs. 9, 10) illustrated several of about this size.
Most of the Oklahoma specimens are smaller than this, but as shown in
table 4 there are several more than 30 mm long and the one illustrated in
plate I, fig. 1 is 32 mm long.

The writer has examined Dunbar’s. collection .of R. oblata from the
Birdsong formation and Ross limestone of western Tennessee and finds
these specimens to be similar to those from Oklahoma. The individual
illustrated by Dunbar (1919, pl. 1, fig. 1) is from the Ross limestone and
is almost identical to the one flgured on plate II, figures 6-7, 15-16 of the
present report. The Oklahoma specimens also resemble the specimens of
the R. oblaia described and illustrated by Tansey (1922, p. 184, pl. 44,
figs. 32, 33; pl. 45, figs. 1-8) from the Bailey limestone of Missouri. As
previously noted, Maxwell listed two additional species of Tansey, R. ells-
worthi and R. melvillei, from the Haragan. The writer, however, does not
believe such a species separation is valid for the Haragan rhipidomelias
but this remark should not be construed as applicable to the Missouri
specimens.

There is a marked similarity between R. oblata and Rhipidomelloides
henryhou.sensis (Amsden 1951, p. 74, pl. 15, figs. 14-21; see also discus-
sion of Rhipidomellidae, Part 11I, and pls. XII and XIV of this report)
from the Henryhouse formation. Externallv these two species are much
alike in outline, relation of length to width, and ornamentation, a similarity
which is brought out'in plate XII-A. Tables 4 and 5, and text flcure 8 also
bring out the “elose morpliologic similarity of these species. R. oblata is
larger, mature shells being about a third longer than the largest individuals
from the Henryhouse, but it is generally difficult to distinguish the smaller
Haragan shells from R. henryhousensis. Externally the most reliable char-
acteristic for separating the two is the relative convexity of the two valves:
R. henryhousensis has a subequally biconvex shell whereas R. oblata is un-
equally convex, the brachial being the deeper. This distinction may be
obscure on smaller individuals of R. oblate, but is in nearly every case well
marked on mature specimens as shown in plate XII, figs. 3, 7, 8. It should
also be noted that most specimens of R. oblata have a greater thickness
than do individuals of R. Zenryhousensis of comparable size. The average
length/thickness ratio in the Henryhouse species (table 5) is 2.4 whereas
it averages only 2.1 in R. oblata (table 4), but this increased gibbosity in
the Haragan species is brought about by an increase in the convexity of
the brachial valves at the expense of the pedicle valve. The most conspicuous
internal difference is in the pedicle valve. In the Henryhouse species the
scar is shallower and relatively shorter than in the Haragan species. In
R. henryhousensis the diductors are generally less than one-half the valve
length, whereas in R. oblata they may occupy as much as two-thirds of the
valve. The difference in the depth of the muscle scars is even more appar-
ent, those of R. oblata being deeply impressed and easily seen even on
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TABLE 5
Rhipidomelloides henryhousensis Amsden. Henryhouse formation

Ratio Costellae
Hinge Ratio Ratio Length (no. per
Length  Width Thickness Width Length  Length Hinge 5 mm,
mm mm mm mm Width  Thickness Width ant, end)

6.0 6.6 2.8 3.0 0.91 2.15 2.0 17

7.0 7.3 3.5 0.96 _— 2.0 16

7.3 9.1 3.5 4.9 0.80 2.10 1.49 13
8.2 9.1 3.4 3.5 0.90 2.41 2.35 14
8.4 9.0 3.7 5.0 0.94. 2.27 1.68 15
9.1 10.4. 4.4 5.5 0.88 2.06 1.66 13
9.4 10.5 3.7 4.5 0.89 2.53 2.10 16
10.5 11.6 3.2 6.7 0.90 3.27 1.57 12
10.9 11.9 5.4 6.0 0.91 2.01 1.82 13
11.9 13.0 4.8 7.3 0.92 248 1.64 15
11.9 13.1 4.6 —— 0.91 2.60 — .
12.2 13.6 4.5 6.7 0.90 2.71 1.82 12
14.0. 155 5.0 7.8 0.90 2.80 1.79 14
14.6 16.4 4.9 10.0 0.89 3.00 1.46 12
14.6 16.1 7.5 8.1 0.90 1.94 1.80 12
15.0 16.8 — - 0.89 S — .
15.5 16.5 7.2 9.4 0.94 2.18 1.65 11
19.5 21.6 9.1 9.1 0.90 2.15 2.14, 11
20.0 22.3 - - 0.90 —— —— 12

smaller shells (pl. II, fig. 3}). A comparison of the pedicle interiors is
shown on text figure 9 and plate XII-A.

The Henryhouse species R. subtriangularis Amsden (1951, p. 75, pl.
15, figs. 8-13) differs from R. oblate in its triangular outline and sub-
equally bicorivex shell. The pedicle muscle scar is relatively large and deep
for a Silurian species, but its outline is subtriangular (fig. 10) in contrast
to the more circular field of the Haragan species. The brachial interior of
R. subtriangularis is shown on plate XIV, figure 32.

Figured specimens: Localities, C1-H to N; M2-M; M4; P2-A; P13
(Bois d’Arc). Catalog numbers OU-948 to OU-956.

Distribution: This is one of the more common Haragan species,
being well represented on most sections. The present collections include
over 300 specimens from the following localities: C1-H to C1-O incl.; C2-F;
M1-G, -H, -1, -J, K, -L; M2-H, K, -L, -M; M4; M8-L; M9-A, -B; MI10-J,
-L, -M; M11-A; M14-1; P2-A; P9-C, -D, -F, -1, -], -K; P10-L,

This species is also fairly common in the overlying Cravatt member
of the Bois d’Arc formation, and two of the specimens illustrated on plate
XII are from this member.

The specimens from the upper part of the Haragan formation and the
Cravatt member tend towards a relatively large size.
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Isorthis Kozlowski 1929

IsorTHIS PYGMAEA (Dunbar) 1919
Plate XI, figures 5-14; plate XIII, figure 24.

Dalmanella pygmaea Dunbar (1919, p. 52, pl. 2, fig. 5; 1920, p. 121-122,

pl. II, figs. 4, 5).
Isorthis pygmaea (Dunbar). Schuchert and Cooper 1932 (p. 150).

Description: Shell small, transversely elliptical in outline; the width
is slightly, but consistently, greater than the length. The hinge-line is less
than the maximum width; cardinal extremities rounded. Lateral profile
subequally biconvex, the pedicle commonly slightly deeper than the bra-
chial; pedicle beak small, hooked over but not in conjunction with the
brachial valve; pedicle palintrope anacline. Pedicle valve evenly and deeply
convex, with some individuals showing a slight tendency towards the de-
velopment of a mid-line flexure or faint fold. Brachial valve with a sulcus
beginning in front of the beak and becoming broad and moderately decp
at the anterior margin; this sulcus is a distinctive feature on all shells al-
though the lateral margins are in no case sharply defined. Surface mulii-
costellate, 6 to 7 costellae occupying a space of 1 millimeter; costellae
commonly uneven, some ribs being more pronounced than others, and on a
tew shells the costellation is slightly faciculate. Shell punctate.

This species has a small shell, the average length falling between 4 and
5 millimeters. The dimensions of 1] specimens are given below:

Length (mm) Width (mm) Thickness (mm)
3.2 3.5 2.3
4.0 4.5 2.5
4.1 4.4 2.3
4.6 5.1 2.7
4.9 5.1 3.1
5.0 5.2 2.8
5.1 5.5 3.2
5.5 6.0 3.5
5.7 55 3.2
6.0 6.3 3.3
7.3 7.8 4.3

The brachial interior is similar to that of Isorthis arcuaria (Hall and
Clarke; Schuchert and Cooper 1932, pl. 21, fig. 21; Amsden 1949, pl. I,
fig. 16; Amsden 1951, pl. 15, fig. 44) although the muscle field of I.
pygmaea occupies a somewhat greater proportion of the valve (pl. XIII,
fig. 24). Plate XI, figure 5 shows the pedicle interior of a specimen from
the Birdsong shale of Tennessee.

Discussior.:  The type of this species is from the Birdsong shale of
western Tennessee. Dunbar named and illustrated this species in 1919, al-
though he did not describe it until the following year. The writer has
examined a number of Birdsong specimens in the collections at Peabody
Museum— Yale University and at the U. S. National Museum. The Haragan
shells closely resemble those from Tennessee in all respects, being similar
in profile, outline and ornamentation (pl. XI, figs. 5, 6). Dunbar (1920,
p- 122) states that a mature shell has a length of 7 mm, but the collections
studied by the writer indicate this s’z ‘s nsar the maximur attained. The
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Tennessee specimens illustrated on plate XI, figs. 5, 6 are comparable in
size to those from the Haragan. The writer has measured 4 other Birdsong
shells with the following dimensions:

Length (mm) Width (mm) Thickness (mm)
4.4 4.6 2.8
4.6 5.4 2.7
4.9 5.4 2.6
5.0 5.3 —

This indicates that the Tennessee and Oklahoma shells are about the same,
having similar average dimensions as well as similar maximum dimensions.
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Ficure 11. Scatter diagram showing the length-width relationship (circles),
and the length-thickness relationship (iriangles) of Isorthis arcuaric (Hall and
Clarke). The circles are plotted from the base (length) .and the left hand side
(width) ; the triangles from the base (length) and the right hand side (thick-
ness). Specimens from the Henryhouse formation of Oklahoma are indicated
with solid circles and triangles, and those from the Brownsport formation of
western Tennessee are in open circles and triangles (after Amsden 1956).
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The costellae spacing is also similar, both having 6 to 7 ribs in a distance
of 1 millimeter. Moreover, both the Birdsong and Oklahoma shells show the
same tendency towards the development of uneven or subfasciculate cos-
tellation, a feature mentioned by Dunbar in his original description (1920,

p- 122).

Isarthis pygmaea has a much smaller shell than does 1. arcuaria (Hall
and Clarke) (Amsden 1949, p. 44, pl. I, figs. 12-16; 1951, p. 76, pl. 15,
figs. 39-44) from the Henryhouse and Brownsport formations, the latter
averaging 9 to 10 mm in length (text fig. 11). Moreover, in the Henry-
house species the length is commonly about equal to the width, varying
from slightly wider than long to slightly longer than wide (length/width
ratio averages about 1). In contrast nearly all specimens of 1. pygmaea
have a transverse shell, the length/width ratio averaging about 0.9. In 1956
the writer (Amsden 1956B, pp. 82-84) presented some additional infor-
mation on I. arcuarie, including graphs and tables based on both Oklahoma
and Tennessee specimens. Figure 11, showing the length-width and length-
thickness relationships, is reproduced from this publication. Finally it might
be noted that I. pygmaea has slightly finer costellation, averaging 30 to 35
ribs per 5 millimeters in contrast to the 18 to 24 count of 1. arcuaria.

I. perelegans (Hall) from the Helderberg of New York has a much
larger shell, the length being 3 to 4 times greater than that of I. pygmaea.
No representatives of Hall’s species have been found in the Haragan for-
mation although Dunbar reports them as common in the Birdsong shale
and Tansey illustrates several specimens from the Bailey limestone. I.
pygmaea has not been recorded from the Bailey limestone.

This species has some similarities to immature specimens of L. sub-
carinate pumilis, but can be distinguished by its non-carinate pedicle valve
and more gibbous brachial valve.

Figured specimens: Localities, C1-H; M2.L, -M; MI10-L. Catalog
numbers OU-920 to OU-923; OU-1117. Specimens from the Birdsong shale
of Tennessee illustrated on plate XI.

Distribution: I. pygmaea does not appear to be a widely distributed
species in the Haragan, although this observation may not be entirely re-
liable as its small size makes it difficult to collect. The collection made by
the writer includes about 50 specimens from the following localities: C1-H,

I, -M; C2-1; M1-]; M4; M8-L, -N; MI10-L, -M; M11-A.

In addition the writer has studied the Haragan collections of this
species at the U. S. National Museum.



SUPERFAMILY SYNTROPHIACEA
Anastrophia Hall 1867

ANASTROPHIA GROSSA Amsden, new Specles
Plate II, figures 18-28; plate X1I-B; text figures 12-14; table 6
Anastrophia verneuili (of Girty 1899, p. 565; of Reeds 1911, p. 267; of

Maxwell 1936, p. 89); not Hall 1857.

Description: Lateral profile biconvex; in immature specimens the
shell is subequally biconvex (pl. II, fig. 21), but with increased size the
brachial deepens much more than the pedicle, and in large individuals the
brachial valve becomes strongly convex. In outline the shell is transversely
elliptical, the width being consistently greater than the length (table 6;
fig. 12). A pedicle sulcus begins 5 to 8 millimeters in front of the beak,
becoming progressively wider and deeper towards the anterior margin;
4 to 6 costae occupy the sulcus. There is a corresponding brachial fold
which bears 4 to 7 costae. The fold and sulcus are well defined on all shells
over 12 or 13 millimeters long. The surface is costate, 7 to 12 costae occu-
pying a space of 15 millimeters (fig. 14). Costae and interspaces crossed
by fine filae.
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Ficure 12. Scatter diagram comparing the length-width relationship of Anas-
trophia grossa Amsden from the Haragan formation of Oklahoma with A. ver-
neuili (Hall) from the Helderberg of New York.
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This species is marked by its relatively large size; one complete speci-
men is 25 mm long, and there are a few incomplete shells in the collection
which may have reached a length of 30 mm. Table 6 gives the measuve-
ments of a dozen specimens.

The internal characters of this species are like those of A. verneuili
(Hall). The pedicle valve has a spondylium supported by a well developed
septum. In the brachial valve the muscle scars are deeply impressed (pl.
11, fig. 26), perhaps slightly more so than in Hall’s species.

TABLE 6
Anastrophia grossa Amsden. Haragan formation—Oklahoma
Costae No. No.
Length Width Thickness No. in Costae Costate
mm mm mm 15 mm, on fold on sulcus
9.8 12.3 6.0 . __ —
13.1 17.8 9.1 10 5 4
16.1 18.7 13.5 8 4 4
16.4 20.0 13.5 8 5 4
16.5 20.5 13.2 9 4 4
18.6 23.0 13.5 10 5 __
19.0 20.5 11.8 12 7 -
19.9 22.0 16.3 8 6 4
20.1 22.3 15.1 10 7 5
22.8 27.0 18.1 9 7 6
24.0 28.0 20.0 8 6 9
25.0 25.7 20.0 7 4 5
Anastrophia verneuili (Hall). Helderberg—New York

15.5 16.4 13.7 17 6 o
16.0 17.5 14.4 12 6 _—
16.1 20.0 14.7 14 __ 6
18.5 18.5 16.3 13 - 6
18.8 21.3 — 12 7 6
19.3 21.7 18.0 13 3 7
19.5 23.5 15.6 11 __ 6
18.0 21.0 15 14 . o

Discussion: The Haragan specimens of Anastrophia have commonly
been identified as 4. vernewili (Hall 1857, p. 104, figs. 1, 2; Hall 1859A,
p- 260, pl. 48, fig. 1; Hall and Clarke 1894, pl. 63, figs. 31-38; Schuchert
and Cooper 1932, p. 169, pl. 25, figs. 14, 15, 19, 33-36, 38, 39, 41, 42),
a species based upon specimens from the Helderberg of New York. The
writer has examined the New York collections of A. verneuili at Peabody
Museum—Yale University, U. S. National Museum, and the University of
Oklahoma (The specimens used in preparing text figures 12-14 are from
Indian Ladder, Thatcher Park, New York). 4. grossa differs from 4. ver-
neuili in several respects, one of the most important differences being in
the nature of the brachial umbo. This part of the brachial valve on the
New York species is swollen and extends posteriorly well beyond the pedicle
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heak, whereas in 4. grossa the umbo is not so enlarged and extends only
slightly, if at all, behind the pedicle beak. This distinction is most appar-
ent on mature individuals, immature specimens of both species having the
two valves more or less equal. In addition the brachial valve of the Haragan
species is not as strongly convex as in A. verneuili and this results in a
shell that is thinner in relation to the length (fig. 13}. The costae are
coarse on A. grossa, averaging 8 to 9 per 15 millimeters, in contrast to the
average of 12 to 13 in A. verneuili. Some variation may be observed in the
rib spacing on both species, and there is a slight “overlap” in the rib count
away from the maxima as shown in figure 14. The maximum size attained
by A. grossa appears to be slightly greater than that of A. verneuili. There
are a few fragmentary specimens in the Haragan collections indicating a
length of about 30 mm.

The writer has examined Dunbar’s collection of Anastrophia from the
Birdsong shale and Ross limestone of western Tennessee. These shells are
more finely costate than the Haragan shells, and appear to be much like
the New York specimens.
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Ficure 13. Scatter diagram comparing the length-thickness relationship of
Anastrophia grossa Amsden from the Haragan formation of Oklahoma with A.
verneuili (Hall) from the Helderberg of New York.
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Reeds (1911, p. 207) recorded A. verneuili from the Bois d’Arc, Hara-
gan and Henryhouse formations. Those from the first two mentioned for-
‘mations undoubtedly represent 4. grossa, while those from the Henryhouse
represent A. delicata Amsden (1951, p. 79, pl. 16, figs. 24-28; on p. 263
Reeds cited Anastrophia cf. A. internascens from the Henryhouse forma-
tion; all of the Henryhouse specimens observed by the writer belong to
A. delicata). A. grossa may be readily distinguished from A. delicata Ams-
den by its larger size and much coarser costation (pl. XII-B).
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Ficure 14. Frequency diagram comparing the costae spacing on Anrastrophia
grossa Amsden from the Haragan formation of Oklahoma with 4. verneuili (Hall)
from the Helderberg of New York.

This species exhibits some variation in its outline and profile. Mea-
surements of a dozen complete individuals show a considerable range in
the ratio of length to width and of length to thickness (table 6; figs. 12,
13).

The species name refers to the large size and coarse costae.

Holotype: Locality C1-H to O. Catalog number QU-943.

Figured specimens: Localities C1-0; M1-L; M2.L to N; M4. Catalog
numbers OU-944, to OU-947.

Distribution: This species is rare except in the upper part of the
Haragan where it is locally common. The collections under study include
slightly over 100 specimens, although many of these are fragmentary. The
following localities-are represented: C1-M to P incl.; M1-K, -L, -M; M2-L,
‘M, -N; M4; M8-N; M9-B; M14-I.
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Gypidula Hall 1867

GYPIDULA MULTICOSTATA? Dunbar 1920
Plate 11, figure 17
Gypidula galeate (of Girty 1899, p. 547) ; not Dalman 1827.

Gypidula multicostata Dunbar 1920 (p. 131-132, pl. 3, figs. 12, 13) ; Tan-

sey 1922 (p. 191, pl. 48, figs. 10-19) ; Schuchert and Cooper 1932
(pl. 26, fig. 18).

Gypidula cf. G. multicostata Dunbar. Maxwell 1936 (p. 90).
Gypidula sp. [?] Maxwell 1936 (p. 90).

Discussion: The writer has collected a few fragmentary pedicle
valves of a Gypidulinae, but none of these is complete enough to permit a
species assignment. There is, however, in the University of Oklahoma col-
lections a specimen collected by R. D. Alexander from old Hunton town-
site which is sufficiently well preserved to warrant a provisional species
identification. This specimen, which is the one illustrated on plate I1, con.
sists of almost all of the brachial valve and about a third of the posterior
part of the pedicle. It is a fairly large individual with rather closely spaced
plications for a Gypidulinae, 8 costae occupying a space of 10 millimeters.
In its costation and size this species resembles G. multicostata Dunbar from
the Birdsong shale of western Tennessee, but without more and better pre-
served specimens it is not possible to make a positive identification (The
writer has also observed specimens of this species, or a similar one, in the
Ross limestone collections at Peabody Museum—Yale University).

Maxwell identified two species of Gypidula from the Haragan; one
was compared to G. multicostata, and the other was identified as Gypidula
sp. The collection of gypidulas available to the writer is not sufficient to

prove or disprove the presence of a second species in the Haragan for-
mation.

The brachial valve of the illustrated specimen is abraded sufficiently

to show that the outer plates of the brachial apparatus are discrete and
subparallel.

Figured specimen: Locality C1-H to O. Catalog number OU-1001.

Distribution: Rare. The collections include a few specimens from
old Hunton townsite; C1-H to O incl.
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SUPERFAMILY STROPHOMENACEA

Strophonella Hall 1879
(emended Williams 1953)

STROPHONELLA (STROPHONELLA) BRANSONI

Amsden, new species
Plate 1V, figures 15-21; text figure 15; table 7

Strophonella punctulifera (of Girty 1899, p. 547; of Reeds 1911, p. 267
[part]; of Maxwell 1936, p. 90); not Conrad 1838,
? Strophonella n. sp. Reeds 1911 (p. 264) ; Maxwell 1936 p- 90).
Strophonella (Strophonella) sp. Williams 1953 (pl. 13, figs. 10-12).
Description: Large, resupinate shells with moderate curvature; in
early growth stages they are plano-convex to weakly concavo-convex, but
after attaining a length of 5 to 8 mm this curvature is reversed, and a
convexi-concave profile is developed. The degree of curvature is not con-
stant, varying somewhat from individual to individual; moreover this
variation is not related to growth, some small specimens having a deep,
some a shallow convexity (fig. 15). The pedicle beak is small, slightly

((

F16URE 15.  Strophonella (Strophonella) bransoni Amsden. x 1. Profile views of
6 specimens to show variations in the degree of convexity, Pedicle valve to the
right.

extended beyond the hinge line; palintrope broad, apsacline. Brachial palin-
trope anacline, from 14 to 7% the width of the pedicle. The hinge-line is
straight, probably always marking the point of greatest width: commonly
the cardinal extremities are broken, this part of the shell being thin and
delicate, but all well preserved individuals show this part was extended,
becoming submucronate on some specimens. The width of all specimens is
greater than the length, the ratio ranging from about 0.65 to 0.85 (table 7).
In outline many shells exhibit a rather uniform curvature from the hinge-
line forward, but some have the central part of the anterior margin ex-
tended, producing a somewhat triangular shell.

The surface is costellate, about 7 costellae occupying a space of 5 mm
(table 7). As the shell progressively widens towards the front new costellae
appear at a fairly constant rate (largely by implantation) so the spacing
remains more or less constant from back to front (table 7). On unexfoli-
ated specimens the costellae are subangular and are separated from one
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another by rounded interspaces, these being wider than the ribs. Although
the costellae may be slightly “wavy”, they show virfually no tendency to-
wards an “interrupted” type of ornamentation. The entire surface covered
with fine, concentric filae, these being best developed on the interspaces.
An enlarged detail of the surface is shown in plate IV, figure 18. A speci-
men of average size has a width of 25 to 30 millimeters. The largest in the
collection is 50 millimeters wide (table 7).

In the pedicle valve the muscle field has a petaloid outline, its forward
edge marked by a conspicuous ridge. The cardinal area bears denticulations
on each side of the delthyrium, these denticulations extending laterally for
14 (smaller shells) to 14 (larger shells) the hinge-line. The delthyrium is
closed with an arched “pseudodeltidium”; this plate is supported on the
inside by a ventral process which extends forward a short distance onto the
muscle platform as a low median ridge (pl. IV, fig. 20). The brachial in-
terior has a well developed bilobed cardinal process (pl. IV, fig. 19}, the
lobes becoming ponderous on large shells (pl. IV, fig. 21).

TABLE 7
Strophonella (Strophonella) bransoni Amsden. Haragan formation.
Costellae
No. in Costellae
Ratio 5 mm (10 No. in 5 mm

Length Width Length mm in front (at anterior
mm mm Width of beak) end)
15.0 22 0.68 8 7

19 25 0.76 - __

20 26 0.77 9 3
20.5 25.3 0.81 8 8

21 25 0.84 7 6

22 28 0.79 7 8

22 28 0.79 7 6

22 26.5 0.85 8 7

28 36.5 0.77 __ _

28 36 0.78 7 7

32 40 0.80 __ .

32 41 0.78 __ __

33 50 0.67 __ __

34 o0 0.68 -

Discussion: The genus Strophonella was first proposed by Hall
(1879), the type species being S. semifasciata (Hall) from the Waldron
shale. Very little additional information was given on this genus until Caster
presented a discussion in 1939 (p. 103), but the most comprebensive treat-
ment is that given by Williams in 1953 (p. 47-48, pl. 13, figs. 5-14). In
this monograph Williams emended Hall’s original description and recog-
nized two subgenera, Strophonella (Strophonella) and Strophonella (Eo-
strophonella). On plate 13, figures 10-12, of this publication Strophonella
(Strophonella) bransoni from the Haragan was illustrated as an example
of this subgenus (as Strophonella (Strophonella) sp.). The pedicle in-
terior shown by Williams (p. 13, fig. 11) must be somewhat abraded as it
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does not show the pronounced muscle sear so characteristic of this species
(compare to pl. IV, fig. 20 of the present report.)

A number of species of “Strophonella” have been described from the
Helderberg of New York. Some of these are poorly defined and may repre-
sent other genera. Of those species properly retained within this genus, it
seems quite possible that some are merely variations of the same species.
The writer has had an opportunity to study the New York collections of
Strophonella at Peabody Museum—Yale University, at the U. S. National
Museum and at the University of Oklahoma. The Haragan specimens are
distinct from all of these New York species (and varieties), differing either
in curvature, relative proportions, ornamentation, or a combination thereof.
Of the New York species S. (S.) punctulifera (Conrad; Hall 1859, p. 188,
pl. 21, fig. 4; »l. 23, figs. 4-7; Hall and Clarke 1892, pl. 12, figs. 10-12)
is most similar, but a careful comparison with specimens from the Helder-
berg of New York reveals several differences, The costellae of S. (S.)
punctulifera are narrower, more rounded and spaced closer together than
on the Haragan species; also the cardinal extremities are more extended
and the lateral profile less abruptly deflected on S. (S.) bransoni.

The Birdsong subspecies S. ( S.) punctulifera holladayi Dunbar (1920,
p- 127, pl. 2, figs. 18, 19) differs in having costellae of two ranks, the
major ones being widely spaced (3 mm apart). Dunbar’s species S. (S.)
lineolata (p. 128, pl. 2, figs. 20, 21) from the same formation is much
more like S. (S.) bransoni, but differs in its finer costellae, and in having
a more subdued curvature; even larger shells (up to 70 mm) exhibit a

gentle and uniform curvature. Also the Tennessee species shows no tendency
towards alation.

In 1951 the writer (p. 79-82, pl. 18, figs. 45-57; pl. 20, figs, 1-6, 36-
41) described 4 species of Strophonella from the Henryhouse formation.
These species exhibit considerable external and internal differences, and,
as previously noted by the writer (1951, p- 80), there is doubt as to pro-
priety of including al] within a single genus. At least one, S. loeblichi, has a
pedicle interior with some resemblance to that of Amphistrophia (Williams
1953, pl. 12, fig. 7), but for the present these Henryhouse species will be
retained with the genus Strophonella s. 1. The only Henryhouse species
which resembles S. (S.) bransoni is S. laxiplicata Foerste (Amsden 1951,
p- 81, pl. 20, figs. 1-6). The costellae of S. lawiplicata are slightly coarser,
there being about 6 in a space of 5 millimeters; also the concentric filae
are much weaker than on S. (S.) bransoni. The Haragan shell reaches a
larger size and the cardinal extremities are more extended than on S.
laxiplicata.

Both Reeds and Maxwell identified S. (8.} punctulifera from the
Haragan, the former also listing this species from the Henryhouse forma-
tion (the Henryhouse species almost certainly represents S. laxiplicata).
In addition these authors indicated the presence of other undescribed spe-
cies of Strophonella in the Haragan, but in the absence of any illustrations
or description there is no way to tell the basis used for such a separation.
All of the Haragan specimens of Strophonella observed by the writer ap-
pear to be conspecific, the only marked variation being in the lateral pro-

file (see fig. 15).
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This species is named for Dr. Carl C. Branson.

Holotype: Locality C1-H to L. Catalog number 942.

Figured specimens: Localities C1-K; P13 [Bois d’Arc]. Catalog num-
bers QU-939 to OU-941.

Distribution: This species is fairly abundant in the Haragan for-
mation near old Hunton townsite (Cl), but elsewhere it is not common.
The collection made by the writer includes about 60 specimens, although
many of these are fragmentary. The following localities are represented:
Cl-H to O incl.; M1K, -L; M2K, -M; M4; M9-A, -B, -C; M10-L, -M;
M11-A; P2-A; P10-L.

Stropheodonta Hall 1852

Stropheodonta (Brachyprion) Shaler 1863
(emended Williams 1953)

STROPHEODONTA (BRACHYPRION) GIBBERA
Amsden, new species

Plate 1V, figures 6-14; text figure 16

Strophodonta [sic] varistriata (of Girty 1899, p. 547 [part]); not Conrad
1842.

Stropheodonta crebristriata [?] Reeds 1911 (p. 264) ; Maxwell 1936 (p.
90} ; not Hall 1842.

Stropheodonta (Brachyprion) sp. Williams 1953 (pl. 7, figs. 6, 7 [?]).

Description: Shells of this species are in nearly all cases transverse,
the length/width ratio ranging from about 0.70 to 0.85; rarely they are
slightly longer than wide. The hinge-line is straight and the cardinal ex-
tremities extended, commonly pointed; the degree of projection is not con-
stant, but all reasonably complete shells are somewhat mucronate. The lat-
eral profile is concavo-convex, the convexity being pronounced; this fea-
ture is somewhat variable, however; all shells have a deep curvature and
many are gibbous (pl. IV, fig. 7; text fig. 16). Some individuals exhibit a

) D) D)D)

Tieure 16. Profile drawings of Stropheodonta (Brachyprion) arate Hall (two
figures on the left) and S. (B.) gibbera Amsden (two figures on the right),
x 1. Pedicle valve to the right. All specimens from the Haragan formation.

uniform curvature from beak to front, but most are weakly concavo-convex
for the first 8 to 10 millimeters, then curve sharply towards the brachial.
The pedicle beak is small, pointed, extending only a short distance behind
the hinge; pedicle palintrope moderately well developed, apsacline. Bra-
chial palintrope about one-half the width of the pedicle, anacline.
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This species has a distinctive ornamentation. The shell is costellate
8 to 9 costellae occupying a space of 5 millimeters. The costellae are broad,
low and gently rounded, and are separated by narrow, rounded interspaces,
these one-half to one-third as wide as the costellae. Generally the individual
rib is slightly wavy throughout its length, and it may also vary in height.

The costellae spacing remains more or less constant from back Lo
front; new costellae are commonly added by bifurcation rather than by
implantation. Entire surface covered with very fine, concentric filae. An
enlarged detail of the surface is shown on plate IV, figure 14.

These shells are about the same size as Siropheodonta (Brachyprion)
arata. Measurements of 7 specimens are given below.

Length Width No. costellae
mm mm in 5 mm
16.9 23.6 .
18.4 27.4 —
20.1 25.0 9
21.5 25.5 9
22.8 19.3 9
22.8 19.3 9
23.2 30.0 8

In the pedicle interior the diductor scars are fairly deeply impressed
and have a somewhat triangular outline (see Discussion below). These
scars completely enclose the abductors, which are located on a low plat-
form. The anterior end of the ventral process extends forward as a low
ridge (pl. IV, fig. 6). An enlarged view of the brachial cardinalia is shown
1on plate IV, figure 8. The hinge-line is denticulate throughout most of its
ength.

Discussion: The genus Stropheodonta was named by Hall in 1852,
S. demissa being the genotype. Some years later Shaler proposed the genus
Brachyprion, the genotype being B. leda. In 1939 Caster reviewed this
eroup, but the most comprehensive study was that of Williams in 1953
(pp. 34-35). This author emended the description of both Stropheodonta
and Brachyprion, treating the latter as a subgenus. Williams illustrated
(pl. 7) three Haragan shells as an example of Siropheodonta (Brachy-
prion) (all were identified as S. (B.) sp.). The pedicle exterior illustrated
on plate 7, figure 5 is cleaily the species here identified as S. (B.) arala,
bnt the pedicle and brachial interiors shown in figures 6 and 7 are prob-
ably representatives of S. (B.) gibbsra. The brachial interior which Wil-
liams figures is ruch like the one shown on plate IV, figure 6 of the pres-
ent report, and this specimen seems to have the strong curvature so char-
acteristic of S. (B.) gibbera. The pedicle valve illustrated by Williams has
deeply impressed scars extending forward as narrow tracks, a feature not
present in the specimen figured on- plate IV, figure 6 of the present report.
However, there are several other pedicle interiors in the collections under
study and two of these show a slight forward extension of the scars, al-
though nione is so marked as the one which he illustrates. The writer has
only two poorly preserved pedicle interiors of S. (B.) arata, but these ap-
pear to have a shallower and shorter scar than that shown in Williams’
paper.
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S. (B.) gibbera is characterized by its alate outline and deeply gib-
bous profile. These features, combined with its weakly developed, equi-
costellate type of ornamentation, distinguish it from all other species.

Girty recognized only a single Haragan stropheodont, S. varisiriata
(Conrad}. Maxwell cited two species, S. varistriata and S. n. sp., and Reeds
listed three; S. varistriata, S. crebristriata, and S. n. sp. The writer finds
thal all of the Haragan representatives of this genus fall into two distinct
species, S. (B.) arata and S. (B.) gibbera. The latter is easily distinguished
from S. (B.) arata by its strongly gibbous shell and equicostellate orna-
m.ntation. It differs from both S. varistriata and S. crebristriaia in its
more alate outline and deeper convexity.

B. (S.) gibbera is most like the Birdsong species S. (B.) purduei
(Dunbar 1920, pp. 126-127, pl. 1I, figs. 22, 23), both species having re-
r..arkably similar ornamentation. The Tennessee species is somewhat larger,
the holotype measuring about 28 mm long and 38 mm wide, but the major
dizU'nciion is in the lateral profile, S. (B.) gibbera having a much more
gibbous shell.

The profile of S. (B.) gibbera is similar to that of S. patersoni bona-
mica Clarke (1907, p. 270-272, text fig.) although the Haragan shells have
an even greater convexity than do those of Clarke’s species. The latter has
an alternating type of ornamentation similar to that of S. (B.) arata.

The specific name is from the Latin gibbera, hunchbacked, and refers
to the gibbous profile.

Holotype: Locality C1-H to L. Catalog number OU-930.

Figured specimens: Localities C1-K; MI1-K. Catalog numbers OU-
924 to OU-929.

Distribution: There are over 200 specimens in the collections under
study, most of these coming from old Hunton townsite (Cl) and White
Mound (M4}. The following localities are represented: C1-K to O incl.;
M1-]. K, -L; M2-J, K, -L, -M; M4; M9-C; M10-L, -M; M14-1; P9-E, -K.

STROPHEODONTA (BRACHYPRION) ArRATA Hall 1839
Plate IV, figures 1-5; plate V, figure 16; text figure 16

Strophodonta [sic] varistriata arata Hall 1859 (p. 183, pl. 18, fig. 1).

Stropheodonta varistriata arata Hall. Hall and Clarke 1892 (pl. 13, figs.
17, 18).

Strophodonta [sic] varistriata (of Girty 1899, p. 547 [part]) ; not Conrad
1842,

Stropheodonta varistriata (of Reeds 1911, p. 264 [part]; of Maxwell 1936,
p. 90 [part] ) ; not Conrad 1842.

Stropheodonta (Brachyprion) sp. Williams 1953 (pl. 7, fig. 5).
Description: Transverse shells of moderate size; width greater than

the length, the ratio ranging from about 0.75 to 0.95. Hinge-line straight,

commonly marking the point of greatest width; on most shells the cardinal

extremities are slightly extended, a few becoming submucronate (pl. TV,

fig. 3). Lateral profile concavo-convex; convexity is uniform and ranges

from moderate to strong (tex® figure 16). The pedicle bzak is small, only
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slightly extended beyond the hinge-line; pedicle palinirope relatively nar-
row, apsacline to almost orthocline; on large shells it may be slightly con-
cave. Brachial palintrope approximately one-half the width of the pedicle,
strongly anacline to hypercline.

The costellae are of two ranks. The major costellae are narrow, sub-
rounded and widely spaced, 6 to 8 occupying a space of 5 millimeters. The
minor costellae are low and rounded, from 2 to 6 of these occupying the
rather flat interspaces. On well preserved shells the entire surface is covered
with very fine, concentric filae, these being best developed on the minor
costellae. The major costellae never appear to become “interrupted,” being
uniformily developed throughout their length, new ribs are added primarily
by implantation. An enlarged view of the surface is shown in figure IV,
plate 5.

The Haragan specimens of this species are about the same size as
those from New York. Measurements of 7 specimens are given below:

No. major

Length Width costellae

mm mm in 5 mm
14.9 19.6 6
15.1 15.6 7
17.1 20.0 7
17.7 20.0 8
19.1 22.6 7
20.1 21.9 7
20.4 26.0 6

There is no specimen in the collections which shows an entirely salis-
factory pedicle interior. Two shells have been calcined, and although the
preservation is not of the best, they show enough to indicate a pedicle in-
terior similar to that of S. (B.) gibbera (pl. 1V, fig. 6), although the muscle
scars are somewhat shorter and not so deeply impressed. The brachial in-
terior shown on plate IV, figure 4 is not well preserved, but seems to be
similar to that of S. (B.) gibbera (pl. IV, fig. 8).

Discussion: Hall’s description of this species was based on specimens
from the Helderberg (“a crystalline band of shaly limestone of the Lower
Helderberg group”), Becraft Mountain, New York. It was originally de-
scribed as a variety (subspecies) of S. (B.) wvaristriata (Conrad), but in
1913 Schuchert and Maynard recognized it as a distinct species, a precedent
followed by most later authors. In his description of S. (B.) wvaristrista
Hall included equicostellate shells as well as those having an alternating
type of rib, but in his definition of S. (B.} arata he included only the lat-
ter type (1859, p. 183, pl. 18, fig. 1h). The writer has examined a U. S.
National Museum collection which is labelled Stropheodonia arata from
the New Scotland near Leesville, New York. These specimens seem to fit
closely Hall’s description and are therefore presumed to be typical of his
species. There are about a dozen specimens in this collection, none of which
is well preserved, but in so far as can be determined they are like the Hara-
gan specimens in size, shape and ornamentation.

Girty identified only a single species of this genus, Stropheodonta
varistriaia, from the Haragan, and it seems certain that this must have in-
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cluded specimens herein identified as S. (B.) arata and S. (B.) gibbera.
Both Reeds and Maxwell listed S. varistriata (here called S. (B.) arata)
from the Haragan, but they also indicated the presence of a new species,
probably the one here named S. (B.) gibbera. Williams illustrated a speci-
men of S. (B.) arate as an example of this genus (as S. (B.) sp.; see Dis-
cussion under S. (B.) gibbera).

This species is easily distinguished from S. (B.) gibbera by its aller-
nating type of costellae and by its more subdued curvature.

Figured specimens: Localities C1-K; M2-M. Catalog number OU-931
—0U-933.

Distribution: This is not a common species, there being about 60
specimens in the collections, most of these coming from White Mound
(M4) and old Hunton townsite (Cl). The following localities are repre-
sented: C1-H to M (incl.} ; M1-K; M2.K, -L, -M; M4; M9-A, -C; MI0-L,
-M; P10-L.

Lissostrophia Amsden 1949

Lissostrophia (Lissostrophia) Williams 1950
(emended Williams 1953)

L1sSOSTROPHIA (LLISSOSTROPHIA) LINDENENSIS

Dunbar 1920
Plate VII, figures 1-4; plate X1I-E

Pholidostrophia lindenensis Dunbar 1920 (p. 126, pl. 2, figs. 15, 16).

Description: The shell is transverse, the maximum width being at-
tained at or near the hinge-line; hinge denticulate throughout its length.
In lateral profile it is moderately concavo-convex, the curvature being uni-
formly developed from back to front; the brachial valve closely parallels
the pedicle to produce a shallow living chamber.

-The surface is smooth with no trace of any radial ornamentation. The
shell of L. (L.) lindenensis is one of the largest known for this genus.
Measurements for the four specimens in the collection are given below:

Length Width Depth
6.9 mm 10 mm .
7.3 9.4 _
7.9 10.1 4.3
7.9 9.8 4.1

No interiors observed.

Discussion: The genus Lissostrophia was proposed by the writer in
1949 (». 202: 1951, p. 82-83), the type species being L. cooperi (Ams-
den 1951, p. 83, pl. 20, figs. 21-29) from the Henryhouse formation. In
1950 Williams (p. 280; Williams 1953, p. 37) emended the writer’s orig-
inal definition (Amsden 1949, p. 202; 1951, p. 82) and proposed to recog-
nize two subgenera, Lissostrophia (Mesolissostronhia). and Lissostrophia
(Lissostrophia) ; the former was said to range from the ?Lower Silurian
to Middle Silurian, and the latter from the Upwver Silurian (the Browns-
port-Henrvhouse being placed in the Upper Silurian) to the Lower De-
vonian. Dunbar did not observe the internal character of his specics
Pholidostrophia lindenensis from the Birdsong shale of western Tennessee,
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nor has the writer seen any interiors of the Haragan specimens. This species
is, however, externally so much like L. (L.) cooperi that it seems reason-
able to assume that the two are congeneric, a relationship already sug-
gested by the writer (1949, p. 53). Whether these two species are properly
included within the same subgenus is a question that cannot be answered
until the internal characters of L. lindenensis have been fully described.

It is difficult to make a satisfactory specific comparison with the
Birdsong shells since the species is represented by so few specimens (4
shells from the Haragan). However, the Haragan shells appear to be much
like those from Tennessee, being similar in size, outline and profile. In so
far as the writer is aware, this is the only species of Lissostrophia recorded
from the Lower Devonian, and apparently it is known only from the Bird-
song and Haragan formations.

L. (L.) lindenensis is easily distinguished from the Henryhouse spe-
cies, L. (L.) cooperi by iis larger, more transverse shell. Also in the Henry-
house shells the pedicle beak is more strongly hooked over the brachial
(pl. XII-E).

Figured specimens: Localities C1-M, O. Catalog numbers QU-964,
to OU-966.

Distribution: This species is rare both in the Birdsong shale and in
the Haragan formation. The collections under study include 4 shells from

C1l-M, -O and M14-1.

Leptostrophia Hall and Clarke 1892
(emended Williams 1953)

LEPTOSTROPHIA BECKI TENNESSEENSIS
Dunbar 1920

Plate III, figures 15-20; plate VI, figure 1, plate XI, figures 27-28

Leptostrophia beckii tennesseensis Dunbar 1920 (p. 129, pl. 3, fig. 18).

Stropheodonta beckii (of Reeds 1911, p. 266 [part]; of Maxwell 1936,
p. 97) ; not Hall 1859,

Stropheodonta cf. S. planulata Hall. Reeds 1911 (p. 264 [part]).

D scription: This species is represented by about 25 specimens, all
of these being pedicle valves with the exception of one small shell which
has the two valves together. The pedicle valves have an extremely gentle
convexity, becoming almost flat towards the lateral and anterior margins.
The hinge-line is straight and probably marks the point of greatest width,
although most specimens are incomplete so it is difficult to be certain of
the cardinal extremities. The pedicle palintrope is narrow, apsacline. The
surface is costellate, 7 to 10 costellae occupying a space of 5 mm; costellae
are low and rounded, separated by narrow interspaces; both costellae and
interspaces crossed by fine, concentric filae. On the surface of some shells
there are fairly deep, rounded undulating rugae. These rugae seem to be
present to some degree on all shells, but on certain individuals the wrinkles
are well marked (pl. III, 19-20) whereas on others they are faint (pl. III,
figs. 15-18). There seem to be all gradations between the two extremes.

The shell of this species is thin and easily broken, so most specimens
have incomplete anterior and lateral margins. This makes it difficult to
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determine the precise dimensions, but it is certain that some of the Hara-
can and Bois d’Arc representatives reached a fairly large size. One nearly
complete Haragan specimen has a width of almost 50 mm, and an incowm-
plete shell from the Bois d’Arc (Fittstown member) probably reached a
width of almost 60 mm. The precise length/width ratio cannot be deter-
mined for many of the specimens, but they are clearly transverse shells
having a ratio of around U.75.

Three pedicle interiors are illustrated on plate III, figure 18, 19 and
plate V1, figure 1. No brachial interiors were observed.

Discusston: The genus Leptostrophia was proposed by Hall and
Clarke in 1892. In the original diagnosis these authors listed a number of
species, including the rugose Helderberg specics Stropheodonta beckii Hall.
Many years laier Caster (1939, pp. 86-87) proposed to place the rugose
leptostropiiias in a new g.nus, Raytistrophia, the genotype being Stropheo-
donta beckii Hall. However, in 1953 Williams in emending Hall’s and
Clarke’s original definition supressed Rhytistrophia as a synonym of Lep-
tostrophia, stating that rugation is almost invariably present to some de-
grev 1 this sitock, althougu on most species it is subdued. The Hunton and
Birdsong specimens clearly seem to confirm Williams’ observation as almost
all gradations from non-rugose to strongly rugose can be observed wit:u
this one species.

Dunbar named the subspecies L. beckii tennesseensis, basing his d.-
scription on specimens from the Birdsong shale of western Tennessee. This
subspecies was distinguished from the New York species L. beckii (Helder-
berg-New Scotland) on the basis of its more irregular, undulating rugae.
The specimen illustrated by Dunbar exhibits this characteristic to a marked
degree, but this represents an extreme rather than the normal specin:
Th writer has examined Dunbar’s Birdsong collection at Peabody Museum
—Yale University and finds that all variations are present from strongiy
rugose to almost smooth. This variation is brought out by the specimen
illustrated on plate XI, figures 27-28 of the present report, this being a
Birdsong specimen with only faint rugation, Thus the Tennessee specimens
show the same variation in rugae as that displayed by the Haragan-Bois
d‘Arc representatives. Some of the Birdsong shells are slightly larger and,
in their extreme development, more strongly rugose, but this is only true
of the end members and most shells are alike. The costellation of the Okla-
homa and Tennessee specimens seems to be identical in all respects.

The writer has examined the Peabody Museum—Yale University col-
lections of L. beckii from the Helderberg (New Scotland) of New York.
The ribbing on these is slightly finer than on L. beckii tennesseensis, with
10 to 11 costellae occupying a space of 5 mm. Also, as noted by Dunbar,
the rugae on the New York shells are deeper and more regular, the indi-
vidual rugae being more persistent. Otherwise there is a marked morpho-
logic similarity between the New Scotland and the Birdsong-Hunton shells,
which suggests a close genetic relationship, a relationship that seems to be
correctly expressed by the subspecies category.

Reeds recorded L. planulata (as Stropheodonta cf. S. planulata Hall
1859, p. 184, pl. 16, figs. 9-12) from the Haragan formation. The writer
has examined specimens of this species from the Coeymans limestone, New
York, in the collections at Peabody Museum—Yale University. These shells,
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which show only faint traces of rugae, are easily distinguished from L.
beckii tennesseensis by their finer costellation, 14 to 15 costellae occupying
a space of 5 mm.

L. beckii tennesseensis is present in the Haragan and Bois d’Arc for-
mations, including both the Cravatt and Fittstown members. It is most
numerous in the calcarenite facies, but is also represented in the marl-
stones. This species is difficult to study as complete individuals are rare,
but in so far as can be determined there is no morphologic difference be-
tween the Bois d’Arc and Haragan shells. Specimens from hoth formations
are illustrated on plates III and VI.

Figured specimens: Localities C1-H to L; P1-U; P3-EE [Bois d’
Arc]; PO-L [Bois d’Arc]. Catalog numbers QU-1017 to OU-1023 incl.

Distribution:  This is not a common species in the Haragan. There
are 9 specimsns in the collection from the following: C1-H to L (incl.);
P1-U.

L. beckii tennesseensis is also present in the Cravatt and Fittstown
members of the Bois d’Arc formation (see Discussion). The collections in-
clude about a dozen specimens from the following localities: P2-B; P3-EL,

-GG; P9-L; P11-B.

Leptaenisca Beecher 1890

LEPTAENISCA coNcava (Hall) 1857
Plate V, figures 10-24; text figure 17; table 8

Leptaena concava Hall 1857 (p. 47) ; Hall 1859A (p. 197, pl. 18, figs. 2}.
Leptaenisca concava (Hall). Beecher 1890 (p. 238, pl. 9, figs. 1-3); Hall

and Clarke 1892 (pl. 15, figs. 30, 31; pl. 15A, figs. 19-20) ; Clarke

1909 (p. 46, pl. 10, figs. 7-11) ; Schuchert and Maynard 1913 (p. 310,

pl. 57, figs. 2-5) ; Reeds 1911 (p. 267 [part]); Tansey 1922 (p. 189,

pl. 47, figs. 7-16) ; Maxwell 1936 (p. 90) ; Cooper 1944 (p. 343, pl.

132, figs. 34, 35). :

Description: In outline these shells are transversely elliptical; the
ratio of length to width is variable (table 8). although the width is con-
sistently the greater. Commonly the cardinal extremities are rounded, but
in some shells this portion is slightly extended, a few becoming submucro-
nate. All observed specimens are concavo-convex with the brachial valve
closely paralleling the pedicle to produce a shallow living chamber; how-
ever, the degree of curvature is highly variable as shown by the profiles in
fieure 17. The pedicle umbo is arched and mature individuals have a scar
(pl. V, fig. 19) which represents the point of attachment. This scar ranges
up to 5 mm or so in length although it is commonly shorter. L. concava
started growth cemented by the pedicle valve to some object, generally
another brachiopod shell. Smooth shells appear to have offered the most
favorable surface and it is common to find young shells attached to Meri-
stella atoka (pl. V, fig. 14), but they can also be found on ribbed shells
such as Levenea, Stropheodonta and Orthostrophia (these immature shells
are the ones which have generally been identified as Liljevallia adnascens;
see Discussion below). In the early growth stages the pedicle valve as-
sumed the configuration of the object to which it was attached, but tha
brachial had a weak convexity. This early brachial convexity can be seen
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on the small, attached shells (pl. V, figs. 10, 11), and also on the large
free specimens, the latter having an arched brachial umbo, the reversal of
curvature taking place several millimeters in front of the beak (pl. V, fig.
20). It is rare to find a specimen of L. concava over 3 or 4 mm wide that
is still attached, and this suggests that at a fairly early stage the shell broke
loose and. rested free on the sea floor, probably with the pedicle valve
down. The size of the pedicle scar on mature shells also indicates a free
adult stage as this does not appear to have been large enough to anchor a
shell 15 to 18 mm. long. '

The surface is finely costellate, the costellae being divisible into two
ranks: the larger, major costellae are low and rounded, 9 to 13 occupying
a space of 5 millimeters; these are separated from one another by inter-
spaces of variable width bearing from 3 to 9 minor costellae, the number
present depending upon the width of the interspace. All costellae, especially
the major ones, are irregular, extending forward a short distance and then
becoming faint, or even disappearing. Both the major and minor costellae
are crossed by weak, concentric rugae, thus giving the surface a cancellated
appearance. An enlarged surface detail of a mature shell is shown in plate
V, figure 23. The immature, attached shells also are costellate (pl. V, fig.
11, 17).

Ficure 17. Leptaenisca concave (Hall). x4. Profile views of two Haragan speci-
nens to show the variation in the degree of curvature. Both profiles taken along
the mid-line of the shell, extending from the heak to the front margin. Pedicle

valve to the right.

A specimen of average size has a width of 16 to 18 millimeters, but
there are specimens in the collection attaining a width of almost 25 milli-
meters. Table 8 gives the measurements for a suite of specimens repre-
senting different growth stages.

The pedicle interior has well developed dental plates and a median
septum (pl. V, fig. 12, 13, 15, 16). In the brachial valve there is & spiral
callosity which probably outlines the position occupied by the lophophore;
this and the cardinalia are illustrated in plate V, figures 22, 24.

Discussion: This species was named by Hall, who based his descrip-
tion on specimens from the Helderberg (New Scotland) of New York. The
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writer has examined several large collections of this species from the
Helderberg of New York which are presumed to be typical of Hall’s spe-
cies. These New York shells appear to be similar in all respects, including
internal characters, to those from the Haragan.

TABLE 8
Leptaenisca concava (Hall)—Haragan formation
Convexity

{Depth, or Costellae

curvature No. of

Ratio of pedicle primary

Length Width Length valve) costellae

mn mm Width mim in 5 mm
10 16 0.62 5.1 10
11.1 18.0 0.61 — 9
11.4 17.9 0.64 __ .
11.5 13.2 0.87 - 10
12.3 17.0 0.72 4.5 —
12.8 18.2 0.70 __ 12
12.8 18.2 0.70 51 11
13.2 18.3 0.72 6.7 __
13.7 20.0 0.69 _— —
14.0 18.4. 0.76 - _
14.1 16.4 0.86 __ .
15.1 20.0 0.76 7.7 9
15.5 17.9 0.87 7.8 10
15.7 20.1 0.75 7.2 13
15.8 18.0 0.88 55 11
16.9 18.2 0.93 8.2 10
18.4 23.2 0.80 0.4 9

The immature shells of L. concava from the Haragan have commonly
been identified as Leptaenisca adnascens Hall and Clarke (1892, pp. 301,
352, pl. 15A, figs. 22, 23), a species based on specimens from the Helder-
berg of New York and now generally referred to Liljevallia (Cooper 1944,
p. 343). The writer has not studied the New York specimens of L. adnas-
cens and is therefore not in a position to comment on the validity of this
generic assignment, although it is interesting to note that in 1909 Clarke
(p 46) indicated that both L. adnascens and L. tangens were probably
the immature forms of L. concava. Moreover, the comments made herein
carry no implication in so far as Hedstrom’s genus is concerned, the writer
not having had the opportunity to examine the genotype (in 1953 Williams
erccted a new subfamily Liljevallinae; the range was given as Middle
Silurian and thus by implication this author excluded the species L. adnas-
cens from Liljevallia) . The writer is, however, convinced that the Haragan
shells which have been called Liljevallia are the immature forms of the
species here identified as Leptaenisca concava. A number of features point
quite clearly to this conclusion: (1) the pedicle interior of the small, at-
tached form seems to be identical to that of the large, free shells (pl V,
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figs. 12, 13, 14, 16) ; (2) the brachial ornamentation of the small, attached
shells closely matches that found on the brachial umbo of the large, free
specimens; (3) the brachial umbo of the large free specimens closely
matches the curvature observed on the small, attached shells; (4) the
pedicle scar of the large, free specimens is approximately the same size as
the small, attached shells; (5) both forms occur together, with no matching
:mmature shells for the large specimens of L. concava, other than the small
attached shells herein described.

The Haragan representatives of this species are highly variable as is
to be expected from a form that was cemented to some object during at
least a part of its growth. This variation affects not only the symmetry of
the valves, but also the length/width ratio and the convexity (degree of
curvature) . Specimens from the Helderberg of New York (type area) also
exhibit much variability; in fact almost all authors who have dealt with
L. concava have commented on, or illustrated, a shell of inconstant morpho-
logic characters. Clarke noted that some individuals from the Dalhousie
fauna had a pedicle sulcus, although it was generally lost at maturity. This
structure is also present on some shells from the Helderberg of Maryland
(Schuchert and Maynard 1913, pl. 57, fig. 5) and may be observed on a
few of the Haragan individuals, but it is in no case conspicuous.

Dunbar (1919, p. 53) records L. concava from the Birdsong shale of
western Tennessee and Tansey (1922, p. 189, pl. 47, figs. 7-16) describes
and illustrates specimens from the Bailey limestone of Missouri.

In 1911, Reeds listed both the Haragan and Henryhouse species of
Leptaenisca under the single specific name L. concava. In 1951 the writer
placed the Henryhouse specimens in a new species, L. irregularis, which
can be readily distinguished from L. concave by its much smaller size and
weaker ornamentation.

Figured specimens: Localities C1-H to L; M2J, K, -L, -M; M4;
P2-B [Bois d’Arc]. Catalog numbers OU-1024 1o QU-1036 incl.

Distribution: This species is abundantly represented in the Haragan
strata at White Mound (M4), but elsewhere it is not so common. There
are over 200 specimens in the collections from the following localities: Cl-
H to O (incl.); M1-K; M2-J to L (incl.): Md4: M8-N: M9-A, -C; MI0-L,
M; M11-A; P9-], -K; P10-L.

Leptaena Dalman 1828
LLEPTAENA ACUTICUSPIDATA Amsden, new species

Plate III, figures 1-9; plate XII-D; text figures 18, 19; tables 9, 10, 11

Leptaena rhomboidalis (of Girty 1899, pp. 547, 563; of Reeds 1911, p.
267 [part]; of Maxwell 1936, p. 90 [part]) ; not Wilckens 1767.
Description: Shell transversely rectangular in outline, the ratio of

length/hinge-width varying from 0.5 to 0.7 (table 9). Laterally the hinge-

area is extended into points so this line invariably represents the maximum
width. Almost all unbroken shells show the hinge extremities to be in some
degree mucronate, and on most shells this feature is pronounced. Common-
ly the anterolateral corners closely approach a right angle and were it not
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for the alate hinge-line the shell would have an outline remarkably close io
a true rectangle. In lateral profile the visceral disc is plano-convex to weak-
ly concavo-convex; on most shells the pedicle convexity is slight. The
geniculation of the trail closely approaches a right angle; the ratio of length
(measured in the plane of the visceral disc) to the trail ranges from 1.1
to 1.9 (table 9). On most shells the palintrope of both valves is narrow,
apsacline.

These shells are both rugate and costellate. The rugae are present
only on the visceral disc where the rugae are deep and well developed,
individual ruga ranging in width from 1 to 1.7 millimeters (table 2); they
are present on both valves, being rather evenly spaced from the point of
geniculation back almost to the beaks. In addition the surface is costellate,
about 20 costellae occupying a space of 5 millimeters (figure 19). A speci-
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FIGU_RE 1{%. Frequency diagram comparing the length/width ratio of Leptaene
acuticuspidata Amsden from the Haragan formation with that of L. oklahomensis
Amsden from the Henryhouse formation.
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men of average size has a length of about 12 mm. The largest in the collec-
tion is almost 16 mm. long.

The pedicle and brachial interiors are illustrated on plate III, figures
1, 2. These appear to be characteristic for the genus Leptaena, although on
some specimens the pedicle shell is thick and the muscle scars deeply im-
pressed for a shell of this size.

Discussion: This species has a distinctive shell, characterized by its
subrectangular outline, alate cardinal extremities, and well developed rugae.
It is a remarkable uniform species, especially for a representative of the
genus Leptaena; there are over two hundred specimens in the collections
under study and all exhibit a high degree of similarity in shape, relative
shell dimensions, and ornamentation. The length/width ratio is unusually
constant as shown in figure 18. Probably the trail length is the most vari-
able character, but even here the length/trail ratio only ranges from 1.1

to 1.9 (table 9).

TABLE 9
Leptaena acuticuspidate Amsden—Haragan formation
Width Ratio Ratio Rugae Costellae
Length  Hinge-line Trail Length Length Average No. in
mm mm mm Width Trail Width 5 mm
8.4 15.1 _— 0.6 __ 1.0 23
8.6 13.7 5.9 0.6 1.5 1.2 20
9.6 14.9 8.5 0.6 1.1 1.0 19
9.9 16.8 7.1 0.6 1.4 1.1 _—
9.9 14.7 8.3 0.7 1.2 1.7 .
10.1 16.7 6.5 0.6 1.6 1.4 23
10.2 16.6 7.3 0.6 1.4 1.1 19
10.3 20.1 7.7 0.50 1.3 1.2 16
10.5 18.3 8.1 0.6 1.3 1.1 19
- 10.7 18.7 7.8 0.6 1.4 1.3 20
10.7 15.1 7.8 0.7 1.4 1.1 17
11.4 18.2 7.5 0.6 1.5 1.3 18
11.4 19.1 7.3 0.6 1.6 1.1 20
12.0 18.1 8.9 0.7 1.3 1.1 21
12.1 20.0 6.7 0.6 1.8 1.3 17
12.1 16.0 9.1 0.7 1.3 1.0 25
12.3 21.0 6.7 0.6 1.8 1.0 19
12.5 17.9 8.3 0.7 1.5 1.3 17
12.7 21.0 3.4 0.6 1.5 1.1 20
13.3 22.0 6.9 0.6 1.9 i1 20
15.7 28.0 95 0.6 1.6 _

It has been the practice of most previous investigators to place all of
the Hunton leptaenas in the species L. rhomboidalis (Wilckens 1769, p. 78,
pl. 8, fig. 43, 44; see Amsden 1949, p. 54, fig. 26 for a reproduction of
Wilckens original illustrations). The writer has not yet studied the Chim-
neyhill representatives of this genus, but a comparison of the Henryhouse
and Haragan specimens clearly reveals two distinct species, and since Lep-
taena is rather common in both formations this species distinction is of
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considerable stratigraphic value. Several years ago the writer described
the Henryhouse shells as a new species, L. oklahomensis (1951, p. 85, pl.
16, figs. 29-33; part III of the present report). Most specimens of L.
acuticuspidata can be easily distinguished from this species by their more
rectangular outline and mucronate hinge-line. In addition the rugae on the
Haragan species are wider and more pronounced (compare tables 9, and
11). and the costellae finer (figure 18) than are those of the Silurian
shells. In general it is only the smaller, immature individuals of L. okla-
homensis that may resemble L. acuticuspidata. Some of these small Henry-
house specimens are quite rectangular and alate, but these can usually be
identified by their weakly developed.rugae. The typical Henryhouse shell
is much larger than L. acuticuspidata; specimens with a width in excess
of 25 mm are not uncommon (table 11). The shells of L. oklahomensis
show much variation in outline whereas those of L. acuticuspidata are re-
markably constant; see tables 9, 11; text figure 18; pl. XII-D.
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Ficure 19. Frequency diagram comparing the costellae -spacing of Leptaena

acuticuspidate Amsden from the Haragan formation with that of L. oklahomensis
Amsden from the Henryhouse formation.

The Bois d’Arc representatives of Leptaena, here provisionally referred
to L. rhomboidalis, differ from L. acuticuspidata in several respects. They
are conspicuously larger with specimens ranging up to 60 mm in width,
whereas the largest Haragan specimen is 28 mm wide. Furthermore, the
Bois d’Arc species has relatively coarse costellation (table 10) and shows
little tendency to develop an alate shell. A few of the smaller shells are
somewhat alate (pl. III, fig. 12) and these have some resemblance to I.
acuticuspidata. It may be that in part these differences between the Hara-
gan and Bois d’Arc specimens are due to environment, the somewhat clearer
seas of the Bois d’Arc producing a more favorable habitat and consequently
a larger shell, There is, however, little direct evidence from the leptaenas to
support such an interpretation®, and it is worth noting that many of the

* The stratigraphic and faunal data indicate that the Bois d’Arc formation is at least
in part a facies of the Haragan; see Amsden 1957, pp. 38-41, figs. 3, 4.
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specimens from the argillaceous Cravatt member are large and non-alate
(pl. I, figs. 13, 14). The Bois d’Arc collections made by the writer in-
clude a large number of specimens from both the Cravatt and the Fitts-
town members, and, with rare exceptions, these Leptaenas can be distin-
guished from the Haragan shells. This factor, plus the stratigraphic value
of the compact species L. acuticuspidata, makes it desirable to recognize
the divisions here proposed. For purposes of comparison several Bois d’Arc

specimens of L. cf. L. rhomboidalis are shown on plate III, figures 10-14.

TABLE 10

Leptaena, cf. L. rhomboidalis (Wilckens)—Bois d’Arc formation
(Cravatt and Fittstown members)

Rugae
Width Ratio Average Costellae
Length (hinge) Trail Length Width No. in

mm mm mm Width mm 5 mm
14 20 — 0.70 1.1 11
14 30 14.0 0.47 1.1 .
14.5 22 S 0.66 1.2 13
15 21 S 0.72 . —
15 23 R 0.65 1.2 13
15 23.5 7.0 0.64 1.2 11
16.5 26.0 9.0 0.65 1.4 —
17.3 25 8.0 0.69 1.1 13
18.2 24 6.5 0.76 - 15
18.5 24,4, N 0.76 1.6 15
18.7 32 9.0 0.58 - 17
22 37 . 0.59 1.6 .
25 40 17 0.62 2.0 ,_
31 62 16 0.50 1.4 12

The writer has examined a number of leptaenas from the New Scot-
land of New York. These shells, commonly identified as L. rhomboidalis,
do not bear much resemblance to L. acuticuspidata, being more like the
specimens from the Bois d’Arc formation.

The specific name is from the Latin aculus, sharn, plus cuspidatus,
pointed, and refers to the mucronate hinge-line.

Holotype: Locality C1-H to L. Catalog number OU-1057.

Figured specimens: Localities Cl-H to L; M2-M; M4. Catalog num-
bers OU-1055, QU-1056; OU-1058 to OU-1062, incl.

Distribution: This is a widely distributed species, being especially
common at old Hunton townsite (C1) and White Mound (M4). There are
over 200 specimens in the collections from the following localities: C1-H
to O (incl.); C2-C; J11.D; M1-G to L (incl.) ; M2-J 1o M (incl.); M4:
yladLL; MO-A; M10.J, -L, -M; M1i-A; MI4E, -F, -I; PO-E, -F, -], -K;
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TABLE 11
Leptacna oklahomensis Amsden—Henryhouse formation
: Rugae
Width Ratio Ratio Average Costellae

Length Hinge-line Trail Length Length Width No. in

mm mm mm Width Trail mm 5 mm

6.1 8.4 2.8 0.7 2.2 0.5 14
10.5 15.5 2.9 0.7 3.6 obscure 17
10.5 16.3 3.2 0.6 3.3 obscure 15
10.9 15.1 3.1 0.7 3.5 obscure 13
11.4 20.0 3.9 0.5 2:9 0.6 12
11.9 17.3 3.0 0.7 4.0 0.7 14.
13.6 17.0 S 0.8 __ 1.0 16
14.9 24.0 8.8 0.6 1.7 0.7 15
15.5 20.7 5.5 0.8. 2.8 —— _
15.5 26.1 13.4 0.5 1.2 1.0 15
15.9 24.9 3.9 0.6 4.1 o 17
16.4 21.0 8.9 0.8 1.8 1.2 15
16.5 38.5 14.7 0.4 1.1 0.6 16
16.5 26.4 7.3 0.6 2.3 0.7 14
17.4 24.5 17.5 0.7 1.0 0.7 20
1841 24.3 9.0 0.7 2.0 0.7 14
18.2 40.0 15,7 04 1.2. 1.0 16
18.¢ 26.2 6.7 0.7 2.8 0.8 16
19.1 22.0 - 0.8 o 0.8 15
19.5 25.5 5.5 0.8 3.5 0.7 16

SUPERFAMILY ORTHOTETACEA
Schuchertella Girty 1904
SCHUCHERTELLA HARAGANENSIS Amsden,
new species
Plate V, figures 1, 2; plate X, figures 27-30; plate XI, figures 1-4;

, plate XIII, figures 18-20
Schuchertella woolworthana (of Reeds 1911, p. 267 [part]) ; not Stropho-

homena woolworthana Hall 1857.

Description: This species has a transversely elliptical shell, the great-
est width being attained at the hinge-line. The hinge-line is straight and
the cardinal extremities are angular to slightly extended (pl. XI, fig. 1).
On immature individuals the lateral profile is weakly biconvex, the con-
vexity of the two valves being about equal; on larger shells the convexity
deepens. especially that of the brachial, the pedicle umbo becomes more
prominent and a moderately robust shell is developed. The pedicle palin-
trope is well developed, strongly apsacline to catacline on smaller shells,
becoming moderately apsacline on larger individuals. On the brachial valve
the palintrope is narrow, less than one-fourth the width of the pedicle. The
surface is uniformly costellate, 11 to 16 costellae occupying a space of 5
mm; the interspaces are relatively hroad and flat and new costellac are
added by intercalation. Both costellae and interspaces crossed by concentric
filae, these being hest developed on the interspaces.
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This species ranges up to about 25 mm in length although most speci-
mens are much smaller. The measurements of 10 specimens are given
below:

Costellae

Length Width Thickness No. in

mm mm mm 5 mm

7.4 10.5 2.3 16
10.5 15.1 3.2 14
11.5 16.1 4.0 14
12.1 15.1 _— 13
12.9 16.0 3.1 16
13.8 18.1 — 12
16.4, 18.1 __ 12
18.5 22.6 0.1 11
19.0 23.0 . __
24.5 27.0 L -

The pedicle interior has an obscure muscle field and no dental plates
(pl. XI, fig. 4). In the brachial valve there is a well developed, cardinal
process (pl. XI, figs. 2, 3) which is buttressed by the diverging socket
plates and the median septum.

Discussion: Reeds recorded “Schuchertella woolworthana™ from the
Henryhouse, Haragan and Bois d’Arc formations, but the writer does not
believe that this species is present in the Hunton. Reeds’ Henryhouse spe-
cies is probably Schuchertella attenuata (Amsden); (see part IIT), his
Haragan species is probably Schuchertella haraganensis, and his Bois d’Arc
species Schellwienella marcidula.

The Henryhouse species, S. attenuata, is quite similar to the smaller
shells of S. haraganensis. The immature shells of the Haragan species have
a profile similar to that of S. attenuata, both having a shallow convexity.
The outline is also similar; however, in S. haraganensis the cardinal ex-
tremities are angular to slightly pointed, forming the maximum shell width,
whereas in S. attenuata this part of the shell is rounded (compare pl. X,
fig. 29 to pl. XTV, figs. 28, 29; see also Amsden 1951, pl. 17, figs. 12, 13,
14). The ornamentation of these two species is similar, both having about
the same costellae spacing, but in the Henryhouse species the costellae tend
to be uneven, some ribs being more prominent than others, while in the
Haragan species the ribbing is even. S. haraganensis has a larger shell than
does S. attenuata, and as the size increases the profile deviates consider-
ably from that of the Henryhouse species. Large Haragan shells develop a
deeper, brachial convexity and the pedicle beak and umbo become more
pointed and prominent. The anterior part of the pedicle valve becomes
somewhat flattened and the umbo may develop a slight twist (pl. XIII,
fig. 19) thus producing a more characteristic schuchertelloid shape than
that of the immature individuals of this species, or the mature individuals
of S. attenuata. S. hareganensis thus seems to bridge the gap between the
somewhat emaciated Henryhouse shells and the typical schuchertellas of the
later Devonian and Mississippian. The internal structures of these two spe-
cies are quite similar (see under Discussion of S. aitenuata, part I11).
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Schellwienella marcidula from the Bois d’Arc and Haragan? forma-
tions has a much larger shell with a gibbous brachial valve and a flat to
reversed pedicle valve. The pedicle interior of S. marcidulae has well de-
veloped dental plates.

Holotype: Locality C4-H to L, Catalog number OU-938.

Figured specimens: Localities M4; P10-L. Catalog numbers OU-937,
OU-1116. Specimens from the U. S. National Museum illustrated on plale
XI; catalog numbers U. S. N. M. 13414 to 134817 incl.

Distribution: This is not a common species in the Haragan forma-
tion. The writer’s collections include about 30 specimens from the following
localities: C1-H, K, -N; M1-H, -I, -M; M2-H, -K, -L; M4; M10-M; Mi4-
H; P9-K, -L; P10-L. In addition the writer has studied the U. S. National
Museum collections of this species, some of which are illustrated on

plate XI.

Schellwienella Thomas 1910
SCHELLWIENELLA MARCIDULA Amsden,

Nnew species
Plate V, figures 3-9; plate XIII, figure 25
Schuchertella woolworthana (Reeds 1911, p. 267 [part]}; not Stropho-

mena woolworthana Hall 1857.

Description: This species has a large shell with a convexi-plane to
convexi-concave profile; the brachial valve is deeply convex and may cven
be gibbous; the pedicle is weakly convex around the umbo, becoming flat
or even reversed towards the anterior .margins. In outline most specimens
are wider than long, but in a few the width and length are approximately
equal; the hinge-line is straight, slightly less than the maximum width. The
pedicle pallntrope is well developed apsacline; delthyrium closed with a
strongly arched “pseudodeltidium”; brachial palintrope anacline, about
14 or less the width of the pedicle.

The surface is costellate, 9 to 10 costellae occupying a space of 5
millimeters; costellae moderately high, subrounded to subangular; inter-
spaces about equal in width to the costellae. Both the costellae and inter-
spaces crossed by fine, concentric filae, these being prominent, especially
on the interspaces (pl. V, fig. 7). The largest specimen in the collection is
slightly over 40 mllhmeters wide. Measurements of seven individuals given
below (* indicates measurement of brachial valve only) :

Length Width No. costellae
mm mm in 5 mm
13.1 14.8 10
16.0 20.0 .
22.5 22.8 -
26.2% 31.0 9
29.2 34.3 L
20.5% 41.4 11
20.7 36.0 9

There are a number of specimens in the collections under study which
show the pedicle interior, some of these being silicified shells which have
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been etched out of limestone. All of these have well developed dental plates
(pl. V, fig. 3) ; however, these do not extend forward to outline the muscle
field. The muscle scars are extremely faint and on most shells cannot be
traced beyond the delthyrial cavity; on those specimens where they are
faintly discernable, the scars appears to be confined to the posterior one-
fourth of the valve. In the brachial valve there is a well developed cardinal
process as shown in figure 25, plate XIIL

Discussion: This species is at the present time known only from the
Bois d’Arc formation, but is here included with the Haragan fauna in order
to compare it with Schuchertella haraganensis. Moreover, the writer would
expect it to be found in the Haragan eventually as specimens have been
collected from the lowest Bois d’Arc strata (see INTRODUCTION of this re-
port and Amsden 1957, pp. 30-32).

To the writer’s knowledge the genus Schellwienella has never been
adequate diagnosed and the reference of S. marcidula to it is somewhat
uncertain. Schellwienella was described by Thomas in 1910 (p. 92; see
also Dunbar and Condra 1932, p. 71), the genotype being Spirifer crenis-
tria Phillips. The description given by this author is sketchy, the basic
characters noted are a resupinate profile and the presence of dental lamel-
lae. The writer has examined specimens of the genotype in the collections
of the U. S. National Museum, but their preservation does not permit any
elaboration beyond that given by Thomas. S. marcidula agrees with the
genotype in profile and dental plates and accordingly is placed in the genus
Schellwienella, but additional information on the internal structure of the
genotype is needed.

This species has commonly been identified as Strophomena wool-
worthana Hall from the Helderberg of New York. Hall’s species has been
variously referred to Streptorhynchus or Orthotetes, but most later work-
ers have placed it in Schellwienella, a genus characterized by well marked
dental lamellae. There has been, and continues to be, a question concern-
ing the pedicle structure of Hall’s species. Hall believed that it had dental
plates and his illustrations show the lamellae extending around the [label-
" late muscle field; moreover he states “Ventral valve marked internally by a
broad, flabellate vascular area, which is partially limited by the dental
lamellae.” On the other hand Cooper (1944, p. 343) includes woolworthana
under Schuchertella, a genus which he diagnoses as . . . “ventral valve
without dental plates but with a flabellate muscular area . . .” The writer
has examined a number of New York specimens (New Scotland} referred
to “Schuchertella” woolworthana in the collections at Peabody Museum—
Yale University, the U. S. National Museum and the University of Okla-
homa. Some of the pedicle interiors in these collections have good dental
lamellae while on others these structures are receding and poorly developed.
There is some question whether this indicates that the development of the
plates is not a constant feature, or whether there may be two species in-
cluded under this one name. The solution to this problem must wait on a
detailed study of the New Scotland specimens. There is, however, no doubht
about the presence of dental lamellae in S. marcidula, as the collections
under study include 7 pedicle interiors all of which clearly show dental
plates.
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The New York specimens of S. woolworthana have a semiflabellate
pedicle muscle field which is larger and beiter developed than on S. marci-
dula. Externally the New Scotland shells are similar to those from Okla-
homa although the costellae are finer on the New York specimens, there
being 13 to 15 ribs in a distance of 5 mm.

The writer has examined Dunbar’s collection of “S woolworthana”
from the Birdsong shale and Ross limestone of western Tennessee. This
species has a much larger shell than does S. marcidula, with some indi-
viduals reaching a length of 50 mm. The pedicle valve of the Birdsong
shells has receding dental plates, these existing primarily as thick rldges
bordering the delthyrium.

For a discussion of Reeds’ usage of Schuchertella woolworthana see
Schuchertella haraganensts of the present report.

The specific name marcidula is from the Latin, marcidus, withered,
and refers to the faint pedicle muscle area.

Holotype: Locality P2-B [Bois d’Arc]. Catalog number OU-994.

Figured specimens: Localities P2-B [Bois d’Arc]; P13 [Bois d’Arc].
Catalog numbers OU2995 to OU-1000.

Distribution: There are about 20 specimens in the collections, all
from the Cravatt member of the Bois d’Arc formation. The following locali-
ties are represented: P13; P2-B. The last locality yields silicified specimens.

SUPERFAMILY CHONETACEA
Chonetes Fischer de Waldheim 1837

CHONETES? sp
Plate VI, figure 2.

Chonetes sp. Reeds 1911 (p. 264).

Description: The only specimen of Chonetes in the collections is the
pedicle valve illustrated on plate VI. This specimen is embedded in rock
so that only the ‘upper surface is exposed, and therefore not much addi-
tional information can be added to the details shown in the illustration.
This valve is almost flat but does have ‘an extremely shallow convexity
around the umbo. It is finely costellate, about 38 costellae occupying a
space of 5 mm. The surface is slightly abraded so some detail is lost, but
enough ornamentation is left to indicate that it was originally covered “with
fine, “concentric filae. There are remnants of 6 hollow spines on the pos-
terior margin.

No interiors observed.

Discussion: The reference of this species to Chonetes is provisional
due to the paucity of specimens, especmlly to the lack of any showing the
internal characters. The Haragan specimen is like Chonetes jerseyensis
Weller (1899; Weller 1903, pp. 230-231, pl. 20, figs. 11-16) in its gentle
convexity, but is much more finely costellate, Tt is similar in ornamentation
and outline to Chonostrophia helderbergiae Hall and Clarke (1892, p. 353,
pl. 15B, fig. 14) and Chonostrophia lindenensis Foerste (1909, p. 81, pl. 3,
fig. 52). but on both of these species the curvature is reversed. The con-
vexity and outline suggests C. aroostookensis Clarke (1907, pp. 264-266,
iltust.; 1909, pp. 120-122, pl. 30, figs. 20-25), but the Maine species has
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coarser costellation. It also has a size and outline similar to C. striatissimus
Williams and Breger (1916, pp. 44-45, pl. 8, fig. 24, pl. 9, figs. 1-10, 13,
14, 17, 18, pl. 10, fig. 17) from the Chapman sandstone of Maine, but this
species has slightly coarser ornamentation and a prominent rib in the
center of the valve. The Haragan specimens probably represent a new spe-
cies but more specimens are needed before an adequate specific definition
can be formulated.

Figured specimen: Locality C1-K. Catalog number OU-958.

Distribution: A single specimen present in the collections, this com-
ing from near old Hunton townsite, C1-K.

SUPERFAMILY PLECTAMBONITACEA
Plectodonta Kozlowskl 1929
PLECTODONTA PETILA Amsden, new species

Plate XIII, figures 8-17.

Description: Small, transverse shells having a length/width ratio of
0.5 to 0.6. Hinge-line straight, cardinal extremities rounded. Pedicle beak
small, extending slightly behind the hinge-line; pedicle palintrope relatively
wide, apsacline; brachial palintrope narrow. Lateral profile concavo-con-
vex, the pedicle convexity slight, thus producing a thin shell; a shell 7 mm
wide has a thickness or depth of slightly over 1 mm; brachial valve gently
concave, closely paralleling the pedicle.

Surface finely costellate, the costellae being of two ranks; 9 to 10 of
the major costellae occupy a space of 5 mm; 4 to 6 of the minor ribs be-
tween each of the large costellae.

The largest shell in the collection is slightly over 8 mm wide. The
measurements of 4 other specimens given helow:

Length Width Thickness
mm mm mm
3.4 6.3 1.0
3.5 6.6 1.1
3.7 __ 1.1
4.6 7.8

The brachial interior has four high, thin plates which begin a short
distance in front of the socket plates and extend forward over half the
length of the valve (pl. X1, fig. 14-16). The outer pair of these plates is
more variable in its development and rarely may be split to form a third
pair. These plates almost disappear before reaching the socket plates, but
well preserved specimens show a low ridge extending from the inner pair
to the socket plates. The inner surface is commonly strongly pustulose. The
pedicle interior has a median septum extending forward a short distance
and then splitting into two ridges, each side of which encircles the forward
edge of the muscle field, joining a ridge extending out from the outer edge

of the delthyrial cavity (pl. XIII, fig. 17). The hinge-line of both valves
is denticulate. '
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Discussion: The genus Plectodonta was established by Kozlowski in
1929 (p. 112-114), the genotype being P. mariae Kozlowski from the
Gotlandian of Poland. To the writer’s knowledge this genus has never been
reported from the Devonian (Cooper 1944, p. 355), although Williams
(1953B, p. 6) indicates that one family of the Plectambonacea ranges into
the Devonian. The internal and external structure of the Haragan species
is, however, much like that of . marise and the two species would appear
to be closely related. The brachial interior of P. petila has the same four
plates described by Kozlowski (“branche interne de la lamelle brachiale,”
and “lamelle brachial intralobaire”; text fig. 34 of Kozlowski), and fur-
thermore, these are similar in size-and .shape, and occupy approximately
the same position in the valve. The outermost ridge (marked “lex” on Koz-
lowski’s drawing) is not well defined on P. petila, but the socket ridges
and denticulate hinge are certainly similar to those of the Polish species.
Unfortunately there is only a single pedicle interior represented in the col-
lections under study and this is not well preserved, but in so far as can be
determined it is like the struciure described and illustrated by Kozlowski.
Externally P. petila is similar to P. marige in outline, profile and orna-
mentation. The Haragan species differs in having a smaller shell with a
more weakly developed convexity. Also the costellation is slightly different,
P. petila having thé major costellae separated by 4 to 6 costellae in con-
trast to the 2 to 4 of Kozlowski’s species.

The specific name refers to the thin shell produced by the shallow
pedicle convexity.

Holotype: Locality M4. Catalog number OU-1069.

Figured specimens: Locality M4. Catalog numbers QU-1070 to OU-
1073 inel. :

Distribution: This species has only been found in the White Mound
area. About 20 specimens were collected from White Mound proper (M4)
and an additional 10 specimens from M2-L, -M. At both localities P. petila
is associated with a prolific Haragan fauna.

SUPERFAMILY RHYNCHONELLACEA
Sphaerirhynchia Cooper and Muir-Wood 1951

(Wilsonia Kayser 1871, not Bonaparte 1838; Wilsonella Nikiforova 1937,
not Carter 1885)

SPHAERIRHYNCHIA GLOMEROSA Amsden,

new species
Plate VI, figures 3-14.

Uncinulus nucleolatus (of Girty 1899, p. 547, 564; of Reeds 1911, p- 267
[part]; of Maxwell 1936, p. 90); not Rhynchonella nucleolata Hall
1857.

Descriprion: This species has a ventricose shell, the thickness being
about equal to the length and width, and since the pedicle beak is tightly
pressed against the brachial valve (pl. VI, fig. 9) the shell tends to be sub-
spherical. On some of the extremely ventricose individuals the lateral and
anterlor margins are flattened, producing a subcuboidal shell (pl. VI, fig..
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12). The pedicle valve is shallow except along the anterior commissure
where the sulcus is produced into a long tongue; this sulcus is shallow and
on many specimens is obscure (pl. VI, figs. 6, 12). The brachial valve 1s
deep and bears a low fold which, like the pedicle sulcus, is generally ob-
scure. Commonly there are 3 costellae on the sulcus and 4 on the fold.

The surface bears low, rounded costae which become ohsolete on the
lateral margins; 4 to 5 costae occupy a space of 5 mm. Those costae on
the pedicle sulcus near the anterior commissure are grooved along the
crest (pl. VI, fig. 4); well preserved shells show fine, V-shaped filae on
this part of the costellae.

A specimen of average size is 12 to 13 mm long. The dimensions of
6 shells are given below:

Length Width Thickness No. Costellae
mm mm mm 5 mm
11.9 12.8 10.9 5
11.9 12.9 14.6 4
12.8 12.3 12.8 4
13.5 13.9 135 4
15.0 14.7 14.4 4
15.1 14.2 13.7 4

The muscle scars in the pedicle interior are relatively large and deeply
impressed, the diductors completely enclosing the adductors (pl. VI, fig.
14) ; the dental -lamellae are rudimentary, forming abbreviated ridges on
the lateral walls. S. glomerosa has a brachial hinge-plate and supporting
septum similar to that of S. lindenensis (Dunbar). The interior illustrated
on plate VI, figure 3 is of an etched specimen referred with question lo
S. glomerosa and the specimen may actually be S. lindenensis, but the writ-
er has prepared other specimens of undoubted S. glomerosa which clearly
show that it has a roofed-over cruralium. The shadows on this illustration
(pl. VI, fig. 3) are slightly misleading as they suggest a partially divided
hinge-plate whereas the specimen actually has a closed cruralium like that
shown in plate XIII, figure 21 and text figure 21.

Discussion: The writer is referring two species, S. glomerosa and
S. lindenensis, to the genus Sphaerirhynchia. These species, along with the
Brownsport species S. saffordi (Hall; Amsden 1949, p. 60, pl. 8, figs. 19-
25), have a similar external and internal structure. There is, however, some
question concerning the validity of this generic reference. The type species
of Sphaerirkyynchia is S. wilsoni (J. Sowerby) from the Silurian of Eng-
land. The writer has examined the U. S. National Museum specimens of
this species from the Wenlock at Dudley, England, a collection which in-
cludes two well preserved, free specimens. These shells have a shape and
ornamentation similar to the species under discussion (early investigators
considered the Brownsport species to be conspecific with S. wilsoni), but
unfortunately none shows the internal characters so that the precise generic
diagnosis of Sphaerirhynchia remains in question. In 1944 Cooper (p. 313)
referred S. saffordi and the New Scotland species S. nucleolata to Uncinu-
Ius; however, that genus is said to have a cardinal process (Muir-Wood
1925, p. 13), a structure absent in hoth of these species.
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S. glomerosa has an internal structure like that of S. lindenensis. In
both species the pedicle muscle field is relatively large, with deeply im-
pressed diductor scars which completely enclose the adductor scars. There
1s a median septum in the brachial valve and this septum supports the small
cardinalia. The cruralium is partly roofed over by lateral extensions from
the crural bases (pl. XIII, fig. 21; text fig. 21). This structure is essen-
tially the same as that of S. nucleolata (Hall), a fact determined from a
silicified specimen of this species from the New Scotland of Albany County,
New York, prepared by the writer.

This is probably the species which earlier authors identified as Uncinu-
lus nucleolatus (Hall, 1857, p. 68; 1859, p. 227, pl. 31, figs. 1-2; see
above), but a comparison with specimens from the New Scotland strata
of New York reveals several important differences. The New York shells
have a much better defined fold and sulcus, and the costae are finer than
on the Haragan species. S. nucleolata is thinner and the posterior portion
more pinched, thus producing a subtriangular shell in contrast to the sub-
spherical shell of S. glomerosa. S. tindenensis has a more triangular shell
with considerably thicker ribs than S. glomerosa. Obturamentella wadei has
a small shell with broader costae than those in either S. lindenensis or S.
glomerosa.

The Haragan specimens which Reeds identified as Uncinulus nucleo-
latus must have included representatives of S. glomerosa, S. lindenensis
and probably Obturamentella wadei (the latter is rare in the Haragan for-
mation). This author also listed S. nucleolata from the Henryhouse for-
malion, but this must represent a mixing of faunas as the writer has not
observed any specimens of Sphaerirhynchia (Uncinulus of Reeds) in the
Henryhouse. Moreover, there is no representative of this genus in the
Henryhouse collections of the U. S. National Museum studied by the writer
(Amsden 1951). It must be admitted that this is rather puzzling in view
of the abundance of S. saffordi in the Brownsport formation, nevertheless
neither the large Henryhouse collections recently assembled by the writer,
nor those at the U. S. National Museum have yielded any specimens of
Sphaerirhynchia. Therefore it seems reasonably certain that these past
records indicate the inclusion of strata bearing a Haragan fauna within
the Henryhouse formation.

Hall’s species Rhynchonella ventricosa (1857, p. 78, figs. 1-7; 1859,
p- 238, pl. 43, figs. la-m)} is a much more gibbous shell. The writer has
measured 3 specimens of this species from the Helderberg (Becraft) of
New York; all are narrow shells with the thickness exceeding the length
by a considerable amount.

The species name refers to the somewhat spherical shape.

Holotype: Locality C1-M. Catalog number 985.

Figured specimens: Locality C1-H to M. Catalog numbers OU-979
to OU-984 incl.

Distribution: This species is moderately common in the Haragan
strata near old Hunton townsite (C1). but elsewhere is relatively rare.
There are about 40 specimens from the following localities: C1-H to 0O
(incl.); M2K, -M; M4; M9-C, -G; M10-L; M14.1; Po.J, K; P10-L, -M.
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SPHAERIRHYNCHIA LINDENENSIS (Dunbar) 1919

Plate VI, figures 23-28; plate XI, figures 15, 16;
plate XITI, figures 21-23; text figures 20, 21.

Uncinulus pyramidatus (of Girty 1899, pp. 547, 564 [on latter page
with?]) ; not Rhynchonella pyramidata Hall 1857.

Uncinulus nucleolatus (of Reeds 1911, p. 267 [part]) ; not Rhynchonella
nucleolata Hall 1857. '

Uncinulus lindenensis Dunbar 1919 (p. 53, pl. 61, fig. 20; 1920, p. 133,
pl. 3, figs. 5, 6).

Deseription: The shells of this species have a subtriangular outline
with flattened lateral and anterior margins; the length and width are about
equal, both being slightly, but consistently, greater than the thickness. The
pedicle valve is shallow with only the sulcate portion extended into a long
tongue: pedicle beak pointed and sharply hooked over the brachial valve.
There iz a pedicle sulcus which begins at about mid-length, becoming well
defined 1owards the front end; this bears 3 to 4 costae. A corresponding
fold is well developed on the front end of the brachial valve where it bears
4 or 5 costae.

Both valves bear low, subangular to subrounded costae, 3 or 4 occu-
pying a space of 5 mm. These costae are well developed near the front end
of the shell, but toward the posterior and lateral portions become indis-
tinct. Well preserved shells show fine, shallow, concentric filae on both the
costae and the interspaces.

This species has a somewhat larger shell than does S. glomerosa, speci-
mens with a length of 18 to 19 mm being not uncommon. The dimensions
of 5 specimens are given below:

Length (mm) Width (mm) Thickness (mm)
13.7 15.4 13.2
16.4 16.9 16.5
18.5 18.1 16.9
19.7 20.4 15.7
20.0 19.6 175

VRV

| 2 4

Ficure 20. Transverse serial sections of Sphaerirhynchia lindenensis (Dunbar)
(x3). Pedicle valve below. Distance from posterior tip of pedicle valve: 1-1.2
mm: 2-2.0 mm; 3-2.1 mm; 4-2.4 mm.
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The pedicle interior of a specimen from the Birdsong shale of western
Tennessee is illustrated on plate XI, figure 16. The Haragan shells show
this same pedicle musculature although the walls of the shell are slightly
thinner and the diductor scars less deeply impressed. Serial sections reveal
traces of dental plates (text figure 20) but these are rudimentary in all
specimens. The writer has not seen the brachial interior of any of the
Tennessee representatives, but several shells from the Haragan show the
structure quite well (pl. XIII, fig. 21; text fig, 20). There is a high median
septum which supports the small cardinalia; this cardinalia consists of a
V-shaped cruralium which is partly covered by the expanded bases of
the crura.

Ficure 21. Drawings comparing the hinge-plate of (A) Sphaerirhynchia lin-
denensis (Dunbar) with that of (B) Trigenirhynchia acutirostelle Amsden. Great-
ly enlarged. (See plate XIII, figures 2, 21).

Discussion: This species was described by Dunbar (as Uncinulus
lindenensis; for a discussion of the generic affinities see under S. glom-
erosa), and was based on specimens from the Ross limestone (including
the Birdsong shale) of western Tennessee.:The writer has studied Dunbar’s
collection at Peabody Museum—Yale University which is a large one, in-
cluding many specimens from the Ross limestone and the Birdsong shale.
There does not appear to be any difference between the shells from these
two formations (both are well preserved), and the writer agrees with Dun-
bar that all belong within a single species. The Tennessee specimens closely
resemble ‘those from the Haragan formation, being similar in outline and
ornamentation, a similarity shown in plate XI, figure 15. The average Ten-
nessee specimen is slightly larger than the average specimen from the Hara-
gan, but this difference is not great and there are Oklahoma specimens
which closely approach the maximum size attained by the Linden shells.
The pedicle muscle scars are slightly more deeply impressed on the Tennes-
see individuals, but again the difference is slight and would appear to be
well within the limits of intraspecific variation. Unfortunately the brachial
interior of the Tennessee specimens has not been observed, the description
given herein being based on the Oklahoma shells.

There is some difficulty in separating the smaller shells of this species
from those of S. glomerosa, but mature specimens can be distinguished by
their more triangular outline and less gibbous profile. In addition the
costae of S. lindenensis are fairly high and subangular in contrast to the
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Jow, rounded ribs of S. glomerosa; also the costation of S. lindenensis is
slightly coarser. The internal structure of these two is quite similar.

Externally this species has some resemblance to Trigonirhynchia aculi-
rostella Amsden, but differs in its sharply hooked pedicle beak and heavier
costation. Also S. lindenensis is a considerably larger shell. Internally there
are marked differences in the brachial valve, T. acutirostelle having an
open cruralium (fig. 21).

Figured specimens: Localities, Cl-H o L; M4; P9.J, -K. Catalog
numbers, 0U-1002, 0U-1003; OU-1113 to OU-1115. See plate VI for illus-

trations of specimens from the Birdsong shale of Tennessee; Yale 20221.

Disiribution: This species is somewhat better represented in the
Haragan formation that is S. glomerosa. There are about 90 specimens in
the collections from the following localities: C1-H to M (incl.) ; M1-G, -H,
., K; M2-H, -L, -M; M4; M9-B, -C; M10-L, -M; M14-1; P9-J, -K.

OBTURAMENTELLA Amsden, new genus

Genotype: Wilsonia wadei Dunbar 1919 (p. 53, pl. 2, fig. 8;
1920 p. 133, pl. 3, figs. 3, 4)

Description: Shells of small to medium size, subcircular to subtri-
angular in outline. Lateral profile biconvex, with the brachial valve deep
to gibbous. Pedicle fold and brachial sulcus shallow, present only on an-
terior portion of the shell. Surface paucicostate, plicate at the anterior end;

costae low and rounded, relatively coarse for a small shell.

Pedicle muscle scars deeply impressed; diductors elongate, completely
enclosing the small, but deep, adductor scar; low median septum extending
from the umbonal cavity across both adductor and diductor scars. Dental
lamellae rudimentary, teeth attached to the lateral walls of the valve (pl.
VI, fig. 15; pl. XIV, fig. 1).

The dorsal valve with a median septum supporting the cardinalia;
this is small and consists of a V-shaped cruralium more or less filled with
shell material. This plug of shell material fills the cruralium to varying
degrees, in some shells being almost flush with the upper edges and in
others standing above the edges as a ridge or pair of ridges. The upper
surface of this filling is commonly rough, presumably to anchor the di-
ductor muscles better. Serial sections of the dorsal valve are shown in text
figures 22, 23.

Discussion: The genotype of Obturamentella is Wilsonia wadet Dun-
bar from the Ross limestone and Birdsong shale of western Tennessee, a
species also present in the Haragan and Bois d’Arc formations of Okla-
homa. Through the courtesy of Professor C. O. Dunbar the writer has bor-
rowed Tennessee specimens from Peabody Museum—7Yale University, and
the generic diagnosis is based on this malerial.

This genus is characterized externally by its paucicostate and plicate
shell, and its strongly biconvex profile. Internally, the pedicle valve has a
large, flabellate muscle field like that of Sphaerirhynchia, but the brachial
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structures are different and somewhat unusual. A cruralium is present, but
it is generally obscured by a deposit of shell material. Peels and thin-
sections do, however, reveal this structure although it is more or less com-
pletely buried by a plug of shell material (text figs. 22-A; 23.2A, 6A).
The shape of this plug is highly variable; commonly it is flush with or
slightly above the side of the cruralium (text fig. 23-6A), but on some il
is depressed into a trough and on others it stands up as a ridge, thus re-
sembling a cardinal process (fig. 23-2A). It differs from the typical card-
inal process in its greal variation, showing no fixed shape, being merely a
deposition of shell matter, in some cases lining (fig. 22-B), in others fill-
ing the cruralium, and to it the muscles were attached. It may be rough-
ened along its upper surface, presumably to give the muscles a better seat
of attachment (fig. 23-1). _

The outline of the cruralium is in all cases clearly visible on peels and
it therefore appears that this structure developed normally, being buried
at a later growth stage by a deposit of shell substance. These peels plainly
show an open cruralium (except for the plug), there being no indication
that the crural bases closed over the opening.

Externally this genus differs from Sphaerirhynchia in its smaller, less
gibbous shell and paucicostate ornamentation. Internally the brachial valve
is quite different; in Sphaerirhynchia (see S. glomerosa and S. lindenensis)
the crural bases are expanded, partly closing the upper surface of the
cruralium (pl. XIII, fig. 21; text fig. 21), whereas in Obturamentella the
crural bases are open while the cardinalia is more or less engulfed in shell
matter.

Trigonirkyynchia Cooper (see discussion under 7. acutirostella) has an
open cruralium and Uncinulus Bayle (Ochlert 1884, pp. 427-428; Muir-
Wood 1925, pp. 92-94) has a well developed cardinal process. Externally
Uncinulus differs from Obturamentella in its strongly cuboidal shape and
cosiellate ornamentation. '

The generic name is from the Latin obturo, to stop up; obturamentum,
a stopper.

OBTURAMENTELLA WADEI ( Dunbar)
Plate VI, figures 15-22; plate XI, figures 29-30, 32-33:
plate XIV, figure 1; text figures 22, 23.

Wilsonia wadei Dunbar 1919 (p. 52, pl. 2, fig. 8; Dunbar 1920, p. 133,
pl. 3, figs. 3, 4; Maxwell 1936, p. 97; Tansey 1922, p- 195, pl. 49,
figs. 35-48, pl. 50, fips. 1-4).

escription:  This shell is subcircular to subtriangular in outline,
the length and width being approximately equal. Its lateral profile is bi-
convex, the brachial valve fairly deep; the length/thickness ratio ranges
from 1 to 1.4. The pedicle valve is small, pointed and hooked towards the
brachial, commonly not pressed against that valve. A pedicle fold and
brachial sulcus begin near the middle of the valves, and are only mod-
erately well defined at the front end.
The surface bears broad, Jow, gently rounded costae which are sep-
arated by narrow interspaces. Most specimens Bear one rib on the sulcus,
but some have two and rarely there are three on this structure.
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The lectotype (pl. X1, figs. 32, 33) is from the Ross limestone and
measures 7.9 mm long, 7.9 mm wide and 8.0 mm thick. The measurements
of 5 specimens from the Birdsong shale of western Tennessee are given
below:

Length (mm) . Width (mm) Thickness (mm)
8.2 7.3 7.8
8.9 8.5 7.3
9.0 8.7 6.3
10.1 9.6 8.7
11.4 11.0 10.5
Six specimens from the Haragan have the following dimensions:
Length (mm) Width (mm) Thickness (mm)
7.3 ) 7.1
) — 6.5
7.0 7.3 6.1
3.1 6.8 6.9
3.5 7.7 6.7
9.0 8.9 1.4

Four specimens from the Bois d’Arc formation have the following dimen-
sions

Length (mm) Width (mm) Thickness (mm)
7.4 6.9 6.5
8.3 9.5 _—
3.8 9.1 .
11.5 12.5 -

The pedicle and brachial interiors are described under the g_eneric
diagnosis.

Ficure 22. Brachial valve of Obturamentella wadei (Dunbar). (Approximately
x 25). Two transverse sections cut from the same specimens: A. near the pos-
terior tip of the brachial valve, B. near the anterior end of the cruralium. This
species is from the Birdsong shale, western Tennessee (Peels at Peabedy Mu-
seum—Yale University).
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5. 6.

Ficure 23. Transverse serial sections of Obturamentelle wadei {Dunbar) from
the Birdsong shale of western Tennessee. (Numbers 1 to 6 approximately x 8;
2A; 6A - x 24). '
Sections 1 - 3 cut from a single specimen; 2A is an enlarged view of 2 showing
the shell structure in the brachial valve. Distance (mm) from the posterior tip
of the pedicle valve: 1 - 0.5; 2 - 1.0; 3 - 1.3.

Sections 4 - 6 cut from another specimen; 6A is an enlarged view of 6 showing
the shell structure in the brachial valve. 1 - 0.3; 2 - 0.7; 3 - 1.1.

Peels at Peabodv Museum—Yale TTniversite
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Discussion: This specific name was first used by Dunbar in 1919,
al which time a specimen from the Ross limestone was illustrated (pl. 2,
fig. 8), hut no description was given. This specimen, here designated the
lectotype, is illustrated on plate XI, figures 32, 33 of the present report.
A vear later Dunbar described and illustrated this species, noting that it
is common in the Birdsong shale and less abundant in the Ross limestone.
The writer has studied Dunbar’s collections at Peabody Museum—Yale
University and would agree that the Ross limestone and Birdsong shale
specimens are conspecific. However, it should be noted that no interiors of
any Ross limestone specimens have been seen, and the description herein
given of the brachial (figs. 22, 23) and pedicle (pl. XIV, fig. 1) interiors
is based on shells from the Birdsong shale.

This species is rare in the Haragan formation and only 10 specimens
have been observed by the writer, 3 of these being in the collections of the
U. S. National Museum. No pedicle interiors are represented in these col-
lections, and only a single peel has been prepared of the brachial interioz.
This last is not well preserved, but shows the cruralium engulfed in shell
material. Externally, these Haragan shells appear to be similar to those
from Tennessee although none is quite as large as the biggest Tennessee

shelis;

Several specimens have been found in both the Cravatt and Fittstown
members of the Bois d’Arc formation (pl. VI, figs. 15-19). Externally
these are similar to those from the Haragan formation and Linden group,
although the larger. shells may have a slightly greater relative width. Several
pedicle interiors have been found and these show a structure like those
from the Birdsong shale (compare fig. 15, pl. VI, to fig. 1, pl. XIV). No
brachial interiors have been seen in any Bois d’Arc specimens.

O. wadei can be easily distinguished from either S. lindenensis or S.
glomerosa by its smaller size and costate shell.

Figured specimens: Cl-Mto O; M3-E; P3-CC; P8-G; Pil-A [local-
ity C1 from the Haragan, all others Bois d’Arc]. Catalog numbers ouU-
1011 to OU-1016, incl.

Distribution: The Haragan collections made by the writer include
6 specimens from the following localities: C1-M to O; M4; MIO-L. It is

also present in the Cravatt and Fittstown members of the Bois d’Arc for-
mation.

It is common in the Birdsong shale, less abundant in the Ross lime-
stone, of western Tennessee. Tansey illustrates specimens from the Bailey
limestone of Missouri.
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T'rigomirhynchia Cooper 1942
(Uncinulina Bayle 1878, not Terquem 1862)

TRIGONIRHYNCHIA ACUTIROSTELLA Amsden,
new species

Plate XIII, figures 1-7; text figures 21, 24

Description: The shells of this species are subtriangular in outline,
the length ‘and width being about equal. The lateral profile is biconvex,
with the brachial considerably deeper than the pedicle; the pedicle beak
is small, pointed and only slightly tilted towards the brachial. There is a
brachial fold and pedicle sulcus which begin about mid-length, becoming
moderately well defined at the front. The costae are subangular, about 4
occupying a space of 5 mm; commonly there are 4 costae on the sulcus

and 5 on the fold.

The dimensions of 4 specimens are given below:

Length (mm) Width (mm) Thickness (mm)
12.9 14.1 115
13.5 13.5 11.1
15.9 15.5 11.9
16.9 16.5 11.0

In the pedicle valve the teeth are attached to the lateral walls and the
dental plates are rudimentary. The diductor scars are large and fairly deep-
ly impressed, occupying over half the valve; the adductor scars are small
and completely enclosed by the diductors (pl. XIII, fig. 5). The brachial
valve has a median septum supporting the open cruralium; the hinge plate
is small and divided, the crural bases not expanded to restrict the opening
(pl. XIII, fig. 2; text figs. 21, 24).

oy,

B

Ficure 24. Transverse serial sections of Trigonirhynchia acutirostella Amsden,
n. sp., Haragan formation, locality M4 (x 8). (Peels OU). Distance (mm) from
posterior tip of pedicle beak: A - 1.0; B - 1.6. :
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Discussion: The genus Uncinuling was proposed by Bayle in 1878,
U. fallaciosa Bayle being the genotype. In 1884 Oehlert (pp. 420-421, pl.
18, figs. 5a to n) described and illustrated the genotype, and in 1925 Muir-
Wood (pp. 92-94) presented additional information on Uncinulina. Some
years later Cooper (1942, p. 228) noted that the name Uncinulina was pre-
occupied and replaced it with Trigonirhynchia. The Haragan species has
an_internal and external structure closely resembling that of T. fallaciosa
judging from the information given by Oehlert and Muir-Wood. Exter-
nally the Oklahoma species has a less gibbous profile and the pedicle beak
is more erect, but otherwise the two have similar types of shells and would
seem to be congeneric.

The genus Trigonirhynchia has been used to include such Silurian
species as 1. sulcata Cooper and Rhynchonella tennesseensis Roemer (Coop-
er 1944, p. 313; Amsden 1949, p. 59, pl. 7, figs. 15-25). The writer 1s nol
familiar with the internal structure of the Waldron species, but the Browns-
port shell has a quite different external and internal structure from that of
T. fallaciosa (and T. acutirostella), and the two species should not be in-
cluded in the same genus.

Externally this species resembles Sphaerirhynchia lindenensis (Dun-
bar). The principal distinction between these two is in the lateral profile,
T. acutirostella having a reduced brachial convexity and an erect, or nearly
erect, pedicle beak. In contrast, the pedicle beak of S. lindenensis is sharp-
ly hooked over the brachial and this, plus the gibbous brachial valve, pro-
duces the subcuboidal shell. The fold and sulcus are deeper on S. linden-
~ ensis, and the costellae are thicker and are crossed by fine, concentric filae.
Internally T. acutirostella differs in its divided hinge-plate (text fig. 21)
and its less deeply impressed pedicle muscle field.

T. acutirostells has some resemblance to the Henryhouse species
“Camarotoechia” oklahomensis Amsden (1951, p. 86, pl. 18, figs. 1-5),
but the Haragan species has a deeper convexity. Internally the Henryhouse
species has dental plates.

The specific name refers to the small erect, pointed, pedicle beak.
Holotype: - Locality M2-M. Catalog number 1083.

Distribution: This is a rare species in the Haragan formation. There
are a dozen specimens in the collections from the following localities: Cl1K,

-M; M2.L, -M; M4.

Camarotoechia Hall and Clarke 1894
CAMAROTOECHIA? HARAGANENSIS Amsden,
new species

Plate VI, figures 29-36; text figures 25, 26

Camarotoechia bialveata (of Reeds 1911, p. 264) ; not Rhynchonella?
bialveata Hall 1857,
Description: This species has a small, elongate shell, the length con-
sistently greater than the width. The sides are somewhat flattened and this,
together with the truncated anterior margin, produces a subtriangular out-
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line. Most specimens are subequally biconvex, although in some the pedicle
is slightly deeper than the brachial. The pedicle beak is pointed and com-
monly erect, or with a slight hook towards the brachial, but in no case
approaching conjunction with that valve. A brachial fold begins slightly
behind the middle of the valve, becoming pronounced towards the anterior
end; on the posterior one-third of this valve the fold is replaced by a nar-
row, shallow sulcus. On the pedicle valve a sulcus begins at about mid-
length, or a short distance behind this point, becoming well developed at
the front end. Most shells have two costellae on the fold and one in the
sulcus, but a few have three on the fold and two on the sulcus; one speci-
men, provisionally included within this species, has four and three.

The surface is costellate, the costellae being sharply angular and sep-
arated by V-shaped interspaces. Most specimens bear nine costellae on the
pedicle valve, of which one occupies the sulcus and four each of the lateral
slopes. In a few specimens the outermost costellae are obsolete, thus pro-
ducing only 7 ribs; those shells with 2 costellae in the sulcus commonly

have a total of 10 on the pedicle surface. The brachial valve generally bears
8 ribs.

- The largest specimen in the collection is 8 millimeters long. The av-
erage length is between 5 and 6 millimeters as shown in the measurements
given below:

No. costellae on

Length Width Thickness pedicle valve
5.0 mm 4.1 mm 3.2 mm 9
9.5 4.5 3.2 9
3.7 4.1 3.2 9
5.7 4.3 3.2 7
5.7 4.6 4.0 9
2.8 4.6 3.9 7
9.8 4.9 4.5 9
5.8 9.9 4.6 9
6.2 2.0 4.3 9
6.8 2.1 3.9 9
6.8 2.4 3.6 9
7.2 0.4 4.6 10
7.5 6.4 6.5 __
8.0 6.9 4.6 9

The pedicle teeth are supported on short, but thick, dental plates. In
the brachial interior the cardinalia is stout, although it extends forward
only a short distance; there is a small cruralium partially roofed over by
the hinge plate; the median septum is thick, its upper surface broad near
the cruralium. Figure 25 illustrates transverse serial sections of a well pre-
served shell; figure 26 shows an enlarged detail of two of these sections
fall of these illustrations made from peels).

Discussion: The type species of Camarotoechia is C. congregala
(Conrad) from the Middle Devonian. Externally C. congregata differs
from C.? haraganensis in being a much larger shell with rounded costellae.
The internal structure of the genotype has never been described in detail,
but it is said to possess well developed dental plates and a cruralium which
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is at least partly roofed over by an inward extension of the hinge plate
(Cooper 1944, p. 311, pl. 118, fig. 49). This structure is, in a general way,
like that of C.? haraganensis, but the Haragan species is unusual in the
ponderous character of the internal plates.

The shell of this species is characterized by its small size, angular
costellae and strongly developed fold and sulcus. It is well represented in
the collections by a large number of shells, most of which are remarkably
uniform in size, relative shell proportions, and in the number and spacing
of the costellae. In the past C.? haraganensis has commonly been identified
as C. bialveata (Hall) from the Helderberg of New York; however, the
Haragan shells can be distinguished by their more prominent fold and
culcus. Also C.? haraganensis has fewer and more angular costellae than
does the New York species. The Bailey limestone specimens which Tansey
(1922, p. 195, pl. 50, figs. 21-24) identified as Rhynchonella? bialveata
may be representatives of C.7 haraganensis and this may also be true of
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Ficure 25. Transverse serial sections of Camarotoechia? haraganensis Amsden,

s \
7
approximately x 10. (Peels - OU). Distance {mm) from posterior tip of pedicle
beak: 1 - 0.3; 2 -0.6; 3-0.8; 4-10;5 - 13;:6-15; 7 - 16.

the Birdsong specimens which Dunbar (1919, pl. 2, fig. 6) called Camaro-
toechia bialveata.

This is a common species in the Haragan formation and is of consider-
able stratigraphic value as there is no_externally similar rhynchonellid
present in the Henryhouse formation. See discussion of Camarotoechia,
part III of this report.

Holotype: Locality M2-M. Catalog number OU-976.

Figured specimen: Localities M2-L, M. Catalog numbers OU-977,
0U-978.



108 CAMAROTOECHIA? SP.

Distribution: This is a common and widely distributed species in
the Haragan formation. There are over 200 specimens in the collections
from the following localities: C1-H to O (incl.); C2-F; M1-H, -1, K, -L;
M2-K, -L, -M; M4; M9-C; M10-L, -M, -J; M11-A; M14-H; PO.E, -J; P10.L.

Ficure 26. Transverse sections of Camarotoechia? haraganensis Amsden show-
ing the growth lines of the shell (approximately x 35). These are greatly en-
larged details of sections 6 and 7, figure 25.

CAMAROTOECHIAP sp.
Plate VII, figures 5-8; plate XIV, figures 24-25; text figure 27.

Description: These shells are subtriangular in outline with the width
consistently greater than the length. The lateral profile is biconvex, the
brachial convexity strong due largely to the prominent fold; pedicle beak
small, hooked towards, but not in conjunction with, the brachial valve. A
pedicle sulcus and brachial fold begin near the umbos, becoming prom-
inent at the anterior margin; 4 ribs on the fold and 3 on the sulcus. Cos-
tellae high and angular, a total of 12 to 14 on the brachial valve.
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There are 4 specimens in the collections having the following mea-
surements:

Length (mm) Width (mm) Thickness {mm)
7.3 8.2 6.1
8.2 11.1 7.2
8.8 10.6 7.3
9.9 11.9 8.6

There are short, but well developed, dental plates in the pedicle in-
terior (fig. 27). The brachial valve has a small cruralium supporled on a
stout septum; near the front end of the cruralium, or just beyond it, the
hinge plate expands sufficiently for the two parts to unite (fig. 27).

4

Ficure 27. Transverse serial sections of Camarotoechia? sp. (approximately
x 8). Distance from posterior tip of pedicle beak (mm): 1 - 0.7; 2 - 1.2; 3 -
15; 4 - 19

Discussion: This species is similar to C. [?] transversa (Hall 1857,
p. 74, figs. 5, 6; 1859, p. 234, pl. 34, figs. 9-16) from the New Scotland
of New York, but an examination of New York specimens believed to be
representative of Hall’s species shows they are not conspecific with the
Oklahoma shells. Specimens of C. [?] transversa comparable in size to
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those from the Haragan are much thinner, due largely to a reduced con-
vexity of the brachial valve. This is brought out in the following measurc-
ments taken from a suite of New York specimens:

Length (mm) Width (mm) Thickaess tmm)
8.7 9.1 4.9
8.7 9.5 5.0
9.5 10.5 5.0
0.9 12.7 7.7
11.4 13.4 9.5

C. [?] transversa probably has a larger shell than does the Oklahoma spe-
cies, but a more representative Haragan collection is needed beforc the
size range can be accurately determined. The writer has serially sectioned
one New York specimen and this shows the internal structure to be similar
to that of C.? sp. The dental lamellae of Hall’s spectes are definitely longer,
but the brachial socket plates unite in a manner like that of the Haragan
shells.

The Linden species which Dunbar (1919, p. 53) identified as Camaro-
toechia transversa (Hall) is abundant in the Birdsong shale, less common
in the Ross limestone, This species does not appear lo be conspecific with
Hall’s species, bul it is similar to C.? sp. from the Haragan formation.
The Tennessee shells are probably somewhat smaller although it is diffi-
cult to make an accurate size comparison due to the scarcity of Haragan
specimens. The internal characters of the Birdsong shells have not heen
determined.

The Haragan shells probably represent a new species but there is not
enough material available to justify introducing a new name, there being
only 4 spceimens in the collections and only one of these is complete.

A comparison of figures 25 and 27 shows a considerable difference
between the internal structure of the species under discussion and C.?
haraganensis. See the latter for a discussion of this generic assignment.

Figured specimens: Localities C1-M; MO9-D. Catalog numbers OU-
1037, OU-1038.

Distribution: There are four specimens from the following localities:

C1-M; M9-B, -D: M10-M.

Eatonia Hall 1857
EATONIA EXSERTA Amsden, new species

Plate IX, figures 36-40.

Description: These shells are transversely elliptical in outline. The
lateral profile, excluding the sulcus, is weakly convex to almost flat; bra-
chial valve with well developed convexity. The pedicle beak is small, pointed
and inclined towards the brachial. Both the pedicle sulcus and brachial fold
are strongly developed, beginning a short distance in front.of the umbones
and extending into a tongue-like projection at the front; there are 3 to 4
costae on the sulcus and 4 to 5 on the fold. The costae are low and rounded,
separated by narrow interspaces; on the pedicle valve of the holotype there
are 4 ribs on the sulcus and 8 on each of the lateral slopes.
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The dimensions of three specimens are given below:

Length (mm) Width (mm) Thickness (mm)
14.6 18.5 10.5
16.8 19.3 11.4
17.2 18.9 11.9

No interiors observed.

Discussion: There is some question concerning the stratigraphic
range of the genus Eatonia within the Hunton. The writer’s collection in-
cludes 5 specimens of E. exserta, 3 of which are completely silicified (both
shell and filling silicified, a type of preservation quite common in the Bois
d’Arc formation), and the other two are calcareous. All of these came from
the Lawrence uplift, and all were collected from the Bois d’Arc, or loose
on the surface of the sirata just below the Bois d’Arc (Haragan or upper-
most Henryhouse). The holotype (pl. IX, figs. 36-40) was collected from
the Bois d’Arc proper, and it is the writer’s belief that all 5 specimens are
out of this formation. However, Dr. G. A. Cooper, who has collected ex-
tensively in the Hunton, believes that there may be an Fatonia present in
the Henryhouse. This may be true, but the writer has never found any
eatonias in unequivocal Henryhouse strata; in fact he has never found any
in unquestioned Haragan, although there are a few specimens in the U. S.
National Museum labeled Haragan. Most of these appear to be typical k.
exserta; however, there are two specimens with slightly finer ribbing than
the holotype. These were all collected from the Lawrence uplift where the
Haragan formation is very thin and it therefore seems quite possible that
they are actually from the Bois d’Arc formation, although the similarity of
the Haragan fauna to that of the Bois d’Arc makes it appear likely that
E. exserta will eventually be found in the Haragan.

No interiors of this species have been seen, but the external shape
and ornamentation point to a generic relationship with the genotype, E.
medialis (Hall).

This species is quite similar in size and shape to E. fissicosta Dunbar
(1920, p. 136, pl. 3, figs. 7, 8) from the Rockhouse shale, but the Tennes-

see shells can be distinguished by their peculiar split ribs which tend to
be fasciculate.

E. exserta can be easily distinguished from the New York species, E.
medialis (Vanuxem) and E. eminens (Hall), by its smaller size and finer
costae. In the collections under study there are a few Bois d’Arc specimens.

- from near old Hunton townsite (Cl) which have a large, coarse ribbed
shell like that of E. medialis. These will be described in a later paper on
the Bois d’Arc brachiopods; the species E. exserta is only discussed herein
because of the question pertaining to its stratigraphic position.

The specific name is from the Latin exsertus, projecting, and refers
to the prominent, projecting fold.

Holotype: Locality P3-Y [Bois d’Arc]. Catalog number OU-1063.

Distribution: The collections made by the writer include 5 speci-
mens from P3-Y and from near P12; all are believed to be from the
Cravatt member of the Bois d’Arc formation. In addition the writer has
examined 5 specimens in the collections of the U. S. National Museum
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which are labelled “Haragan formation—NLj, SE1/, SW14, sec. 4, T. 2
N., R. 6 E.”; this location is on the Lawrence uplift where the Haragan
formation is very thin (Amsden 1957, tig. 4, p. 37).

SUPERFAMILY ATRYPACEA
Coelospira Hall 1863
COELOSPIRA VIRGINIA Amsden, new species

Plate VII, figures 29-36; plate XII-G; text figures 28, 29.

Anoplotheca concava (of Reeds 1911, p. 267) ; not Hall 1857.
Anoplotheca cf. A. concava (Hall). Maxwell 1936 (p. 89).

Description: ~ Shells small, nearly subcircular in outline with the
width and length about equal on smaller shells, becoming slightly transverse
on larger individuals. Lateral profile plano-convex; pedicle beak small,
pointed and erect. Brachial valve with a sulcus beginning just in front of
the beaks and becoming progressively wider towards the front; sulcus shal-
low throughout its length. Pedicle valve lacks a well defined fold, although
the two middle costellae stand up slightly above the general level of the
valve. Surface costellate, costellae low and rounded. A mature pedicle -
valve bears two central costellae with 3 or 4 others occupying each lateral
slope. The brachial valve generally has 9 costellae of which 3 are located
on the sulcus, one of these occupying the center, flanked on each side by
a single costella (pl. VII, figs. 29, 33; text fig. 28).

Mature specimens range up to about 6 mm in length; the dimensions
of 9 specimens are given below:

Length (mm) Width (mm) Thickness mm)
3.9 3.9 2.0
4.3 4.5 2.0
4.5 4.1 2.9
4.5 4.5 2.0
4.6 4.5 2.5
2.0 52. 2.3
5.2 3.5 2.1
5.5 5.7 2.5
6.4 7.5 3.5

The posterior part of the brachial cardinalia is illustrated in text tig-
ure 29. At the back end of this valve is an elevated ridge between the plates
defining the deep sockets. This ridge, or cardinal process, which is bifid
on its upper surface, probably extends little, if any, behind the brachial
beak. Near its posterior end it is very close to the central, thickened por-
tion of the pedicle valve, in fact so close that it appears to have served as
part of the articulating mechanism of the shell. It seems quite possible that
the diductor muscles attached to each side of this ridge, rather than to its
upper surface, as this would permit the point of attachment to be located
farther back, thus giving greater leverage. The spiralia and jugum have
not been observed. There is a median septum in the pedicle valve which
becomes broad and high towards the posterior part of the valve.
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Discussion: This species has commonly been identified as C. con-
cava (Hall 1857, p. 107; 1859, p. 246, pl. 38, figs. 1-7; Cooper 1944, p.
319, pl. 121, figs. 19-21), but an examination of specimens from the New
Scotland of New York reveals several important differences. The New
York shells are thinner and have a deeper sulcus than does C. virginia. In
addition the New Scotland shells are more finely costellate, having 14 to
17 costellae on each valve, whereas on few of those from Oklahoma are
there more than 10 costellae (one brachial valve from the Helderberg of
New York examined by the writer has 15 costellae on a brachial valve 5.5
mm wide). C. concava has a slightly larger shell than C. virginia, ranging
up to 7 or 8 mm in length, but this difference would not be considered as
significant except for the fact that the longer New York shells are rela-
tively thin.

C. virginia is most similar to C. saffordi (Foerste) from the Browns-
port and Henryhouse formations (Foerste 1909, p. 89, pl. 1, fig. 6; Ams-
den 1949, p. 65, pl. 10, figs. 1-5; 1951, p. 90, pl. 19, figs. 25-31). The
dimensions of the two species are quite similar, as may be seen by com-
paring the following measurements of 4 Henryhouse specimens of C. saf-
fordi with those given above for C. virginia:

Length (mm) Width (mm) Thickness (mm)
4.0 3.9 1.7
4.1 4.2 2.0
4.2 3.9 2.1
4.6 4.9 2.2

C. saffordi differs from the Haragan species in having a deeper brachial
sulcus, and in being more finely costellate, the costellae tending to be nar-
row and angular in contrast to the low, rounded ribs of C. virginia. Prob-
ably the most distinctive shell feature separating these two species is in the
brachial costellation. In C. virginia there are three ribs in the sulcus, one
in the center and a flanker on each side. In contrast, most specimens of
C. saffordi have four costellae on the sulcus, the center rib splitting to
make two before reaching the anterior end (fig. 28). On some specimens
of C. saffordi, especially smaller shells, the center costella does not split,
but it invariably widens toward the front margin. The shells of these two
species are compared on plate XII-G.

A. B.

Frcure 28. Enlarged drawings showing the brachial costellae, x 6 (see pl. XII-
G). A—Coelospira virginic Amsden, n. sp., Haragan formation; B—Coelospira
saffordi (Foerste), Henryhouse formation.
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The specimens of Coelospira from the Birdsong shale, which Dunbar
(1919, p. 53) identified as Hall's species C. concava are similar to the
Haragan shells, even to the single rib in the brachial sulcus. The Tennessee
shells may be a little larger, ranging up to 7 mm in length, but this differ-
ence is slight and they appear to-be conspecific with C. virginia. There is
also a Coelospira in the Rockhouse shale, but this is smaller and more
deeply sulcate than is C. virginia, appearing to be closer to C. saffordi
than to the Haragan species.

This species is named for the writer’s wife.
Holotype: Locality M1-J. Catalog number OU-936.

Figured specimens: Localities M1-J; M2-M. Catalog numbers QU-
934, OU-935.

Distribution: This species is only moderately common in the Hara-
gan formation. The collections include about 50 specimens from the fol-
lowing locations: C1-H to L; M1-H to K; M2-L, -M; M4; M8-L; M9-A, -B,
-C; M10-M; M11-A; M14-F; P9-K; P10-H, -L.

It is also believed to be present in the Birdsong shale of western Ten-
nessee.

Ficure 29. Transverse serial sections of Coelospira virginia Améden, approxi-
mately x 15. Haragan formation (Coll. M11-A; peels—OU). Distance from pos-
terior tip of pedicle beak (mm):1-08; 2 -09; 3 -12;: 4 - 15.
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Atrypina Hall and Clarke 1894
ATRYPINA HAMI Amsden, new species

Plate VII, figures 9-18.

Atrypina imbricata (of Reeds 1911, p. 264; of Maxwell 1930, p 89} ; not

Lepiocoelia imbricata Hall 1857.

Description: The lateral profile of these shells is plano-convex, the
brachial valve being almost flat except for a faint sulcus appearing near
the front end of some valves. The pedicle beak is small, pointed and hooked
over the brachial. The hinge-line is straight, and shorter than the maximum
shell width; from the cardinal extremities most specimens have a fairly
uniform curvature towards the front end, thus giving a subcircular out-
line broken only by the mildly angular shoulders and siraight hinge-line.
The center costa on the hrachial valve is commonly slightly smaller than
those on each side, and this produces a faint sulcus (pl. VII, figs. 13, 14);
on the pedicle valve the two center costae stand up slightly above the rest
and on some shells this appears as a low fold; in all cases, however, the
fold and sulcus, if present, are weakly developed.

The shell is costate and plicate, costae wide and rounded; there are
almost invariably 5 costae on the brachial valve and 6 on the pedicle, al-
though the outer two costae on the pedicle valve are small and are con-
fined to the lateral slopes near the cardinal extremities. These costae are
introduced near the beaks when the shell is small, and as a rule no r
costae are introduced as the shell grows larger, the increased space being
taken up by an increase in the width of the existing costae. Consequently
there are relatively few ribs for a shell of this size, and--almost all of the
specimens in the collection have the same number regardless of size (5 on
the brachial and 6 on the pedicle). In addition to the costae the surface is
lamellose, the lamellae being especially abundant towards. the. front end
(pl. V11, fig. 13, 14).

The length and width are approximately equal; some shells are slight-
ly wider than long and some are slightly longer than wide. The most varia-
ble dimension is thickness, with a few shells quite fat. The relatively thick
shells are produced by an accelerated growth along the front margin of
both valves, but especially the pedicle. A specimen of average size is about
10 mm long, the largest in the collection is almost 12 mm. The dimensions
of a suite of shells representing different growth stages is-given below:

Length Width Thickness
5.1 4.9 2.1
5.9 6.3 ‘ 2.5
7.4 7.7 4.5
7.5 7.4 3.9
8.4 8.5 4.0
9.3 10.3 4.0
9.5 9.5 4.9

10.0 9.4 5.9

10.4 10.8 5.7

11.8 10.6 6.4

11.8 12.8 7.6
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One silicified pedicle valve has been etched and shows the charac-
teristic internal structure of A¢rypina; there are no dental plates, the teeth
being attached directly to the lateral walls. The brachial interior is shown
in plate VII, figure 18. The spiralium and jugum have not been observed.

Discussion: The Haragan representatives of Atrypina have been
identified as 4. imbricata (Hall 1857, p. 108; 1859, p. 246, pl. 38, figs.
8-13; Hall and Clarke 1894, pl. 53, figs. 5, 6, 8-10). Hall’s species has a
shell of about the same size as A. hami but it is more finely costate. A
mature individual from the New Scotland commonly has 10 to 12 plica-
tions on each valve whereas the Haragan shells in almost all specimens
have 5 costae on the brachial and 6 (rarely 4) on the pedicle (the speci-
men shown on pl. VIL, fig. 16 is unique in having 7 ribs on the pedicle
valve, an odd costa being implanted on the left side). The costae of 4. hami
were introduced near the beak when the shell was small, progressively
widening as the shell grew larger so thal new ribs were rarely necessary.
In contrast A. imbricata implanted new costae with increased size and con-
sequently the ribs are narrower and more numerous than on A. hami. The
New York shells also have a flatter pedicle valve than do those from the
Haragan.

The Atrypina from the Birdsong shale has been identified as 4. imbri-
cata {Dunbar 1919, p. 53, pl. 2, fig. 2), but the Tennessee shells are much
like those from Oklahoma and are probably conspecific with 4. hami. The
writer has not examined any actual specimens of Atrypina from the Bailey
limiestone of Missouri, but the illustrations given by Tansey (1922, pl. 50,
figs. 27-29) look very much like 4. hami.

This species is named for Dr. W. E. Ham of the Oklahoma Geological
Survey.

Holotype: Locality M1-J. Catalog number OU-271.

Figured specimens: Localities, C1-H to L; M1.K; M2-K; P13 [Bois
d’Arc]. Catalog numbers OU-967 to OU-970 incl.

Distribution: This species is moderately abundant in the area around
White Mound, hut elsewhere it is not common. There are about 90 speci-
mens in the collection from the following localities: C1-M, -N; M1-G, -H,
-L; M2.J, K, -L, -M; M4; M8-L, -N; M10-L, -M.

This species is believed to be present in the Birdsong shale of western
Tennessee and possibly in the Bailey limestone of Missouri.

Atrypa Dalman 1827 .
ATRYPA OKLAHOMENSIS Amsden, new species

Plate IX, figs. 24-35; plate XII-H; text figures 30, 31; tables 11A, 12.

Atrypa reticularis (of Girty 1899, p. 547; of Reeds 1911, p. 267 [part];
of Maxwell 1936 p. 89) ; not Anomie reticularis Linnaeus 1758

Description: In outline these shells range from subcircular to sub-
triangular depending upon the development of the fold and sulcus. On
mature to large shells the front end is pinched into a fold and sulcus (pl.
IX, figs. 27-29 pl. X1, fig. 35) and since the hinge line is relatively wide
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this produces a somewhat triangular shell; in contrast, the smaller indi-
viduals on which the fold and sulcus are absent or obscure will have a sub-
circular outline (pl. IX, figs. 33-34). This pedicle sulcus and brachial fold
is largely confined to the anterior end of moderate to large specimens,
being absent on most specimens under 12 millimeters in length. Even on the
larger individuals its development varies, but it is estimated that 70 per-
cent of the shells over 14 millimeters long will show a moderate to strong
fold and sulcus. In its extreme development the front end of the shell is
pinched into a tongue-like projection (pl. XII, fig. 34). The lateral profile
is unequally biconvex, the pedicle valve being shallow to flat and the bra-
chial deep; the pedicle beak is small, pointed and hooked over the brachial.

—-A—— Atrypa oklcghomensis — Haragan

14 —@——— Atrypa tennesseensis — Henryhouse
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Freure 30. _Frequency diagram comparing the length/width ratio of Atrypa
oklahomensis Amsden from the Haragan formation with A. tennesseensis Ams-
den from the Henryhouse formation.
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The surface is costellate, the costellae being moderately strong, rounded
and separated by rounded interspaces; the costellae increase by splitting.
There are from 7 to 10 costellae in a space of 5 millimeters, the average
being about 9 (table 11A; fig. 31). Both the costellae and the interspaces
are crossed by concentric lamellae, widely spaced on the posterior part of
the shell, closely spaced near the front.

A specimen of average size has a length of 17 to 18 millimeters, and
the largest in the collection is slightly over 30 millimeters long. The length
and width are approximately equal and the ratio is fairly constant (fig.
30). Table 11 gives the dimensions of a suite of 25 specimens representing
different growth stages.

The structure of the pedicle and brachial interiors appears to be typical
for the genus Atrypa, and is similar to that of A. tennesseensis (Amsden
1949, pl. 9, figs. 7, 9; pl. XIV, figs. 8-9 of this report). The spiralia and
jugum have not been observed.

Discussion:. The Haragan representatives of Atrypa have generally
been referred-to A.-reticularis (Linnaeus), a species probably based on
specimens from-the Silurian of Gotland. Although Linnaeus’ specific name
has been widely used for Silurian and early Devonian atrypas, only recently
has it been adequately defined. In 1949 Mrs. Alexander {pp. 206-213, pl.
IX, figs. 1a-d) restudied the syntypes and gave a careful description and
illustrations of this species. According to her description the Gotland spe-
cies has a relatively large, transverse shell without a fold and sulcus. It
also appears:to' be somewhat more finely costellate than A. oklahomensis.
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Ficure 31. Frequency diagram comparing the costellae spacing of Atrypa okla-
homensis Amsden from the Haragan formation with A. fennesseensis Amsden
from the Henryhouse formation.
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For a further discussion of A. reticularis (Linnaeus) see Part III, Atrypa
tennesseensis. In her paper Mrs. Alexander also described 8 new varieties
( ?subspecies) of 4. reticularis, based upon collections from the Silurian of
Great Britain. Of these varieties, A. reticularis sowerbyi and A. reticularis
lonsdalei appear to be most similar to 4. oklahomensis. A. reticularis sow-
erbyi differs from the Haragan shells in having a larger, more transverse
shell with a broader fold and sulcus. A4. reticularis lonsdalei has a tongue-
like fold and sulcus similar to that of A. oklahomensis, but it tends to be
a transverse shell, the width exceeding the length.

A. devoniana Webster (1921; Greger 1936, p. 48, pl. 3, figs. 1-5) is
similar to 4. oklahomensis in size and ornamentation, but the Snyder Creek
species has a more transverse shell and the fold and sulcus are not as nar-
row and deep as on the Haragan specimens. A. corrugate Fenton and Fen-
ton (1930, p. 5, pl. 1, figs. 10-13) from the Traverse group of Michigan
has a slight sulcus, but differs in being a weakly transverse shell with
coarser ornamentation. A. reticularis teicherti Coleman (1951, pp. 068l-
682, pl. 100, figs. 1-10) from the Middle Devonian of Western Australia

TABLE 11A
Atrypa oklahomensis Amsden—Haragan formation

Ratio Ratio Costellae

Length Width Thickness Length Length Number

mm mm mm Width Thickness in 5 mm
8.8 7.9 3.7 1.11 2.4 9
12.4 12.1 5.1 1.03 2.5 9
13.1 12.1 7.0 1.08 1.9 7
13.6 13.7 7.9 0.99 1.7 10
14.1 13.8 7.8 1.02 1.8 8
14.8 13.3 7.9 1.11 1.9 8
15.0 16.1 7.8 0.93 1.9 9
15.0 14.9 8.6 1.01 L7 9
15.5 15.5 6.5 1.00 24 7
16.5 14.3 10.5 1.15 1.6 9
16.5 15.8 9.7 1.04 1.7 10
16.7 15.0 7.9 1.11 2.1 7
17.3 15.0 11.0 1.15 1.6 9
17.8 15.0 9.6 1.19 1.9 9
17.8 14.6 11.9 1.22 1.5 9
17.9 17.5 10.5 1.02 1.7 10
19.6 17.9 11.2 1.10 1.7 10
19.9 16.4 11.4 1.21 1.7 10
19.9 17.3 8.7 1.15 2.3 8
20.5 20.0 10.0 1.03 2.0 8
20.5 22.6 12.5 0.91 1.6 9
20.6 21.1 . 0.98 — 9
26.2 26.8 15.7 0.98 1.7 8
30.5 28.5 16.5 1.07 1.8 7
31.5 33.0 — 0.95 - 8
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has a fold and sulcus somewhat like those in A. oklahomensis, but is more
coarsely costate and has a slightly different length/width ratio (about 1).

A. oklahomensis is most like the Brownsport-Henryhouse species A.
tennesseensis Amsden (see Part III), being similar in profile and outline.
The average length/width ratio is slightly greater than that of 4. tennes-
seensis as shown in figure 30 (also tables 11A, 12), but this difference is
small and there is some overlap so it is not easily detected by the eye. The
Haragan atrypas tend to he more finely costellate, the average being 9 ribs
per 5 millimeters as compared with an average of 7 for the Henryhouse
species (figure 31; pl. XII-H). However, the most conspicuous difference
between the two species is in the development of the fold and sulcus. Most
average to large shells of A. oklahomensis show a moderate to strong ped-
icle sulcus and brachial fold, whereas the Henryhouse shells commonly
show only faint traces of a fold and suleus (pl. XII-H). Smaller shells
from the Haragan generally do not show this feature and these are diffi-
cult to distinguish from the Henryhouse specimens. Furthermore, not all
of the larger Haragan specimens have a sharp fold and sulcus, and these
also resemble A.-tennesseensis, but any sizeable sample of 4. oklahomensis
will include sulcate shells,

TABLE 12
Atrypa tennesseensts Amsden—FHenryhouse formation

Ratio Ratio Costellae

Length Width Thickness Length Length Number

mm mm mm- Width Thickness in 5 mm
8.3 8.7 4.6 0.94 1.8 8
9.5 9.5 5.1 1.0 1.9 6
11.0 10.5 6.9 1.05 1.6 8
11.1 11.9 7.1 0.93 1.6 7
11.5 11.2 7.3 1.03 1.6 7
11.9 12.0 6.1 0.99 1.9 8
12.0 12.2 7.0 0.98 1.7 3
12.9 13.1 7.3 0.98 1.8 6
12.9 13.4. 5.5 0.96 2.3 7
13.0 12.8 7.3 1.02 1.8 6
14.6 15.9 3.1 0.92 1.8 8
14.8 16.8 9.6 0.88 1.5 8
14.9 15.1 9.5 0.99 1.6 8
14.9 16.9 11.9 0.88 1.3 7
14.9 17.8 10.6 0.84 1.4 7
16.0 15.5 8.2 1.03 2.0 7
16.4 17.3 12.3 0.95 1.3 7
17.3 17.0 11.7 1.02 1.6 7
18.5 17.3 12.3 1.06 1.7 7
18.9 19.6 10.2 0.96 1.9 6
19.1 19.9 8.2 0.96 2.3 7
21.1 19.0 11.0 1.11 1.3 7
22.1 22.2 ___ 0.99 - 6
23.7 25.4 14.1 0.93 1.7 6
26.3 26.0 10.1 1.01 2.6 6
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The Bailey limestone specimens of Atrypa “reticularis” which Tansey
illustrates (1922, pl. 50, figs. 30-40) have a fold and sulcus like those of
A. oklahomensis.

A. oklahomensis does not exhibit a great deal of variation in its ex-
ternal form. The length/thickness ratio ranges widely, as is customary
among many brachiopods, but the length/width ratio is fairly constant as
is shown in table 11A and figure 30. The greatest variation is in the de-
velopment of the fold and sulcus, and it is this which causes much of the
change in the shell outline.

Holotype: Locality P2-A. Catalog number OU-992.

Figured specimens: Localities C1-M to O; M2.L, -M; M4; P13 [Bois
d’Arc]. Catalog numbers OU-986-991, 993.

Distribution: This species is fairly abundant in the Haragan forma-
tion. There are about 125 specimens in the collections from the following
localities: C1-H to O (incl.) ; MIK, -L; M2, K, -M; M4; M8-N; M9-A,
.C; M14-1; P9-E, -], -K.

SUPERFAMILY. SPIRIFERACEA.

KozrLowskIELLA ( MEGAKOZLOWSKIELLA) VELATA
Amsden, new species

Plate VIII, figurs 1-13, plate XII-F; text figure 32; table 13

Delthyris perlamellosa (of Girty 1899, pp. 547, 565; of Reeds 1911, p.

267 [part]; of Maxwell 1936, p. 90) ; not Spirifer perlamellosa Hall

1857.

Description: Shell transversely elliptical with the maximum width
attained a short distance in front of the hinge-line, or, less commonly, at
the hinge-line; cardinal extremities gently rounded. The width is consistent-
ly greater than the length at all observed growth stages; the ratio of length
to width variable, ranging from 0.62 to 0.86 (table 13). The lateral profile
is biconvex, the convexity of the two valves about equal. Pedicle palin-
trope wide, apsacline; delthyrium partially closed by an arched “deltidium”
as shown on plate VIII, figures 1, 3, 6; posterior tip of pedicle beak com-
monly hooked towards the brachial. Brachial palintrope narrow, ortho-
cline. Brachial fold and pedicle sulcus begin at the beaks, becoming pro-
gressively wider and deeper towards the front end.

The exterior is costate, becoming. plicate  towards- the: front end. The
number of costae per valve is remarkably constant; on shells over 8 or 9
millimeters long there are almost always 3 plications on each side of the
brachial fold (the outer ones usually small and inconspicuous), and four
on each side of the pedicle sulcus. Only rarely does the brachial valve pro-
duce a fourth costa, and this only on the larger specimens (table 13).
The costae are crossed by strongly developed, concentric. lamellae, 5 or 6
of these occupying a space of 5 millimeters: These lamellae bear low, nar-
row, radial ridges or costellae which are in turn crossed by obscure con-

centric ridges, thus producing a somewhat cancellated appearance (pl.
VIII, fig. 2). No spines observed.
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- A specimen of average size is about 14 mm long by 18 mm wide. A
few specimens with a width slightly in excess of 26 mm, have been col-
lected from the upper part of the Haragan but these are rare and most
shells are less than 20 mm wide. |

The brachial hinge plate is shown in plate VIII, figure 13; the spires
have not been observed. The pedicle interior has dental plates and a well
developed median séptum, but these structure exhibit some unusual fea-
tures. The posterior end of this valve is greatly thickened, the cavities be-
neath the hinge-line and under the delthyrium being largely filled with
shell material; dental plates support the teeth, but these are only ridges
extending forward a short distance from the much thickened shell wall
(pl. VIIL, figs. 6, 12). There is a conspicuous median septum reaching to,
or slightly beyond, the middle of the valve; towards the posterior end the
septum is buried in shell material, but sections cut in this part of the valve
clearly show that it retains its identity to the tip of the shell. The delthy-
rial cavity is largely plugged with shell substance, but in peels this filling
can-be distinguished from the rest of the shell, as well as from the median
septum (fig. 32). On the other hand, the dental plates are obscure in sec-

Ficure 32, Kozlowskiella (Megakozlowskiella) velata Amsden, n. sp. Transverse
section of a pedicle valve showing the shell substance filling the delthyrial cavity
and enveloping the median septum. Section approximately 2 millimeters in front
of the beak (x 6).

tions and peels, suggesting that these lamellae were not laid down as dis-
crete plates which were later buried in secondary shell material, but rather
represent only the leading edge of this thickened portion of the valve. As
the shell grows larger this ridge migrates forward along with the teeth and
palintrope. Such an interpretation is supported by the fact that even in
voung, small shells the posterior wall is thick and the dental plates present
only as ridges. In contrast, the median septum can be clearly identified in
isections and peels, and it therefore would appear to have developed in
front of (and partly between) the dental ridges, and as the shell grew
larger the posterior portion of this section was buried by the secondary
shell material laid down in the delthyrial cavity. Well preserved shells have
an arched “deltidium” which is perforated by a tiny opening at the pos-
terior end (pl. VIII, figs. 1, 3). This perforation probably served as the
exit for the peduncle during early growth, but at maturity it could not have
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been functional as this part of the delthyrial cavity is completely filled
with shell deposit. If the pedicle existed as an organ of attachment at ma-
turity it must have emerged from the opening at the front of the “deltidium”

(pl. VIIL fig. 3).

TABLE 13
Kozowskiella (Megakozlowskiella) velata Amsden—Haragan formation
Number
plications
Ratio on each side
Length Width Thickness Length of brachial
mm mm mim Width fold
8.6 10.6 5.9 0.81 2
9.1 12.8 6.5 0.71 2
10.1 13.5 8.2 0.75 3
11.3 16.7 7.3 0.68 3
12.8 18.7 9.6 0.96 3
13.0 21.1 11.1 0.62 3
14.1 16.4 12.3 0.86 3
14.1 19.3 13.6 0.73 3
14.0 16.9 11.4 0.83 3
14.2 18.9 11.4 0.75 3
14.3 21.6 11.9 0.66 4
15.5 21.0 12.7 0.74 3
16.2 20.0 . 0.81 3
16.5 26.5 S 0.62 4

Discussion: The Haragan species has commonly been identified as

Spirifer perlamellosa (Hall 1857, p. 57, figs. 1-5; = Kozlowskiella (Mega-
kozlowskiella) perlamellosa), a species based on specimens .from the
Helderberg (New Scotland) of New York. The Oklahoma shells differ from
the New York specimens in several respects and are accordingly removed
to a new species. Externally, K. (M.) perlamellosa is a much. larger shell;
specimens over 30 millimeters wide being common. The dimensions of 4
New York shells representing this species in the collections at Peabody
Museum—Yale University are given below:

Length (mm) Width (mm) Thickness (mm?
24 30 15
20 26 14
23 38 16
27 39 18

In contrast, few Haragan specimens exceed 20 millimeters in width and the
largest in the collections is about 26 mm wide. In addition to_the size dif-
ference, the concentric lamellae are much more closely spaced on the New
York species, 8 to 10 occupying a space of 5 millimeters, in contrast to bt
or 6 for K. velata.

There are some internal differences between the pedicle valve of K.

(M.) perlamellosa and K. (M.) velata. In the Haragan shell the posterior
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part of the pedicle valve is thick, and the delthyrial cavity is almost com-
pletely plugged. In contrast, the pedicle valve of K. (M.) perlamellosa™ is
not nearly as thick and the delthyrial cavity is open except for a little fill-
ing in the posterior tip. This difference is probably one of degree, but it
appears to be a consistent one. All of the Haragan interiors observed have
the delthyrial cavity largely filled by shell material, whereas in the pedicle
valves of K. (M.) perlamellosa studied by the writer this cavity is mostly
open except for the posterior tip.

The Bailey limestone specimens which Tansey (1922, pl. 50, figs. 41-
49) identified as Delthyris perlamellosa appear to be externally similar
to K. (M.) velata. Tansey’s species Delthyrts missouriensis differs in its
almost catacline pedicle palintrope. The Ross limestone and Birdsong shale
specimens which have been identified as Delthyris perlamellosa are much
larger than the Haragan shells, ranging up to 36 millimeters in width. The
pedicle interior of the Birdsong shale specimens is similar to that of K.
(M.) velata. There is some external resemblance between Delthyris cyrti-
moides Dunbar 1920, (p. 338, pl. 4, figs. 1-3) and K. (M.) velata, but the
Rockhouse species differs in its pedicle interior, the dental lamellae con-
verging on the median septum to form 4 structure resembling a spondylium.
These differences are not as great as might appear at first glance because
the dental xidges of K. (M.) .velata do:tend to converge towards the valve
floor, but in no case does this form a marked “spondylium” such as is
present in.the Rockbouse shells. Delthyris octocostata tennesseensis Dun-
bar (1919, pl.. 1, fig. 2; 1920,.p. 139, pl. 4, figs. 8, 9) from the Birdsong
shale and Ross limestone differs from K. (M.) velata in having broader,
more rounded costae, and in having much more closely spaced lamellae.

The subspecies Spirifer perlamellosa praenuntius, which Swartz (1929,
p- 56, pl. 7, figs. 18-20) described from the Keyser limestone of Virginia
and West Virginia is externally similar to K. (M.} velata, but it has a
slightly smaller and more transverse shell. Unfertunately the internal struc-
ture of this species is unknown so that it is not possible to compare it with
that of the Haragan species or with that of Delthyris cyrtinoides Dunbar
from Rockhouse shale.

This specific name refers to the plug of shell material obscuring the
dental lamellae and the posterior portion of the septum.

Holotype: Locality M2-M. Catalog number OU-1045.

Figured specimens: Localities C1-H to 0; M1-H, -], -K; M2-], -M;
P9-K. Catalog numbers OU-1046 to OU-1054 incl.

Distribution: There are about 200 specimens of this species in the
Haragan collections, representing the following localities: C1-H to O
(incl.); Cal (2) -R (2); MI-H to L (incl.); M2-H, -J to -M (incl.) ; M4:
M8-L M9-B, -D; M10-], -L, -M; M14-F, -I; P2-A; PO-E, -G, -], -K; P10-L.

* The writer has etched several silicified specimens of K. (M.) perlamellosa which
show well preserved interiors. The internal structure has been further studied by
means of transverse serial sections.
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Howellella Kozlowskl 1946

(equals Crispella Kozlowski 1929, not Gray 1870)
HoweLLELLA cycLOPTERA (Hall) 1857

Plate VIII, figures 14-26

Spirifer eycloptera Hall 1857 (p. 58; 1859A, p. 199, pl. 25, fig. 1).

Spirifer cyclopterus Hall. Hall and Clarke 1894 (p. 36, pl. 36, figs. 12, 15) ;
Girty 1899 (p. 547) ; Reeds 1911 (pp. 264, 265}.

Spirifer cf. S. cyclopterus Hall. Maxwell (p. 89).

Spirifer sp. Maxwell (p. 89).

Spirifer concinnus (of Reeds 1911, p. 265); not Hall 1857.

Description: Shell transversely elliptical; cardinal extremities rounded,
the maximum width commonly attained a short distance in front of the
hinge. Lateral profile biconvex, the convexity of the two valves being
about equal. Pedicle beak prominent, posterior end slightly hooked towards
the brachial; palintrope well developed, apsacline. Brachial beak smaller
than pedicle, palintrope anacline to almost orthocline. Well marked ped-
icle sulcus and brachial fold. Surface costate and plicate, with 5 to 8 costae
occupying each side of the pedicle sulcus. In addition the surface is deli-
cately lamellose, with the lamellae being spaced 0.5 to 1 mm apart; the
forward edge of each lamella bears closely spaced ridges as shown in plate
VIII, figure 22. Presumably these ridges extended forward from the an-
terior edge of the lamellae as small spines.

The specimens in the collection under study range in size up to almost
40 mm. in width. The dimensions of 9 specimens are given below:

No. costae

on each side

of pedicle

Length Width Thickness sulcus

10 mm 16 mm N 6
12.4 16.2 8.9 6
13 21 . 7
15 22 e 7
16 22 — 8
*16 26.8 14.1 5
21 28 ——— 7
*21.8 28.8 175 6
23 38 . 7

(* indicates specimen from the Haragan formation; others from the Bois d’Arc for-
mation) .

The pedicle interior has well developed dental plates but no median
septum, The diductor scars are large and semiflabellate; at the posterior
end of the valve, between the dental plates, is a small pit which probably
represents the point of attachment for the adductor muscles (pl. VIII, fig.
20). The delthyrium is at least partially closed by a triangular plate (or
plates) as shown in plate VIIIL, fig. 23. The brachial hinge-plate is shown
in figure 26, plate VIII; spires not observed.
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Discussion: The present study is concerned primarily with speci-
mens from the Haragan formation, but the preceding description of H.
cycloptera is based largely on specimens from the Bois d’Arc formation
because it is common in that formation, whereas Haragan shells are rela-
tively rare. A careful examination of specimens from both formations does
not reveal any basic difference and accordingly they are herein treated as
a single species. Shells from both the Haragan and the Bois d’Arc forma-
tions are illustrated on plate VIII.

This species was named by Hall, who based his description on speci-
mens from the Helderberg of New York. In the original description (Hall
1857) it was recorded from the “Lower Helderberg limestones” (?Coey-
mans}, but in 1859 Hall stated it was from the “shaly limestone of the
Lower Helderberg group™ (? New Scotland). The writer has not studied
Hall’s types; however, he has examined a number of specimens from the
New Scotland of New York which appear to be representative of H. cy-
cloptera. In so far as can be determined there seems to be no significant
internal or external difference between the New York and the Oklahoma
specimens, and such minor differences as do exist would seem to be well
within the limits of .a-warying population. A suite of Hunton shells col-
lected from the same bed at the same locality show considerable variation
in relative proportions, especially length to width, and in costae develop-
ment. Within such a suite are individuals which appear to be identical in
all respects to those from New York. There does mot appear to be any
sound morphologic basis for making a species separation within this some-
what variable group, although it is possible that a restudy of Hall’s types
might necessitate some changes.

Both Reeds and Maxwell recognized two species of “Spirifer” in the
Haragan—Bois d’Arc formations. Presumably these represent variations
within the species here identified as H. cycloptera, although in the absence
of any faunal description it is difficult to he certain of the species divisions
recognized by these authors.

The specimens of H. cycloptera from the Birdsong shale and Ross
limestone of western Tennessee appear to be conspecific with the New
York and Oklahoma shells. The specimens illustrated by Tansey (1922, pl.
51, figs. 12-27) from the Bailey limestone of Missouri look much like the
Haragan shells.

Figured specimens: Localities: CI-M; P2-A; P9-P [Bois d’Arxc];
P11-A {Bois d’Arc]. Catalog numbers OU-1090 to 1096.

Distribution: This species is common in both the Cravatt and Fitts-
town members of the Bois d’Arc formation. It is rare in the Haragan and
the shells tend to be relatively small except in the upper part of the for-
mation. The collections under study include about a dozen Haragan shells
from the following localities: C1-M; M4; M9-C; M10-M; P2-A.
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Nucleospira Hall 1859
NUCLEOSPIRA VENTRICOSA (Hall) 1857
Plate IX, figures 14-23.

Spirifer ventricosa Hall 1857 (p. 57 [not figs. 1, 2]).
Nucleospira ventricosa (Hall). Hall 1859A (p. 220, pl. 14, figs. 1; pl. 28B,
figs. 2-9); Hall and Clarke 1894 (p. 145, figs. 128-130, pl. 48, figs.
2.6, 18; pl. 84, figs. 39, 40) ; Reeds 1911 (p. 267 [in part]); Max-
well 1936 (p. 90) ; Cooper 1944 (p. 331, pl. 127, figs. 8, 9).
Description.: These shells are almost circular in outline with the
length and width about equal. In lateral profile they are strongly bicon-
vex, the convexity being subequal; the pedicle beak is small, pointed, com-
monly with a slight hook towards the brachial, only rarely in conjunction
with it. On the pedicle valve there is a shallow, narrow sulcus which begins
just in front of the beak and continues on to the front margin (pl. IX, fig.
18) ; although this sulcus is not conspicuous it appears to be universally
present. A faint, poorly defined sulcus may be present on the brachial
valve (pl. IX, fig. 21) but it is always less well developed than that on the
pedicle, and commonly is represented by only a flattening along the midline.
This species is spinose, but none of the specimens in the collections is
well enough preserved to show the individual spines. However, several show
a faintly pustulose surface, and these pustules presumably represent the
point of attachment for the spine bases. The only other ornamentation con-
sists of concentric growth lines.
The largest specimen in the collection is 10.6 mm long; measurements
of this and other specimens given below:

Length (mm) Width (mm) Thickness (mm)
5.1 5.0 .
5.9 2.9 3.7
6.5 6.8 4.5
7.0 7.3 4.7
7.5 8.3 4.9
10.0 9.5 7.0
10.6 10.4 7.3

No interiors observed.

Hall based his description of this species on specimens from the
Helderberg (New Scotland) of New York. The Haragan shells are like
those from New York except for their slightly smaller size. The largest
Oklahoma specimen is slightly over 10" millimeters long; however, there
are only 15 specimens in the collections and quite possibly a more repre-
sentative sample would include some larger shells. Some of the New York
specimens examined by the writer are not as strongly convex as the Hara-
ean representatives, but others equal or even surpass in thickness those
from Oklahoma.

The Birdsong representatives of this species are not as strongly bi-
convex as the Oklahoma shells, and are larger, reaching a length of 20
millimeters. The Bailey limestone specimens illustrated by Tansey (1922,
pl. 52, figs. 21-33) are also considerably larger than the Oklahoma shells.
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The specimens of N. ventricosa which Reeds recorded from the Henry-
house formation almost certainly belong in N. raritas Amsden (== N. con-
centrica. Amsden 1951; not N. concentrica Hall 1859 emend Boucot and
Amsden; see N. raritas, part III of this report). Adult shells of N. ventri-
cosa have a slightly greater convexity and are about twice as large as M.
raritas, but the smaller specimens are much like the Henryhouse species.

Figured specimens: Localities C1-H to O; M4. Catalog numbers OU-
1066 to OU-1068 inclusive.

Distribution: This is an uncommon species in the Haragan forma-
tion. There are 15 specimens in the collections from the following local-

ities: C1-H, -J, -M; MI1.L, -M; M4; M10-M; MIl4-I.

Meristells Hall 1860
MERISTELLA ATOKA Girty 1899

Plate X, figures 1-15; text figuré 33; table 14.

Meristella arcuata var. atoka Girty 1899 (p. 567, pl. 71, figs. 1a-f).
Meristella atoka Girty. Reeds 1911 (p. 267) ; Maxwell 1936 (p. 90) ; Coop-

er 1944(p:-331, pl. 127, figs. 17-19).

Description: .The shell is subtriangular to subpentagonal in outline,
the maximum width being attained a short distance behind the anterior
edge: immature individuals tend to be slightly longer than wide, but after
the pedicle valve attains a length of about 16 mm or longer this relation-
ship is ‘commonly. reversed and the width is generally greater than the
length; however, the difference between length and width is small, with
the length/width ratio rarely less than 0.8 or greater than 1.1 (table 14;
fig. 33). The lateral profile is biconvex, the convexity of the two valves
being about -equal,or with the brachial slightly deeper than the pedicle;
pedicle beak rather small, pointed and sharply hooked over, and commonly
in_conjunction with, the brachial valve. The pedicle sulcus and brachial
fold begin at about 10 mm (table 14) and generally become pronounced
at the anterior end; the height of the sulcus at the anterior end is highly
variable, the ratio of length/sulcus height ranging from 1.7 to 3.6 in ma-
ture shells (table 14; figure 33); it is this variation in the development of
the fold and sulcus which causes most of the variation in the appearance
of mature individuals {compare figures 1 and 2 of plate X). The surface
is smooth except for growth lines.

A specimen of average size from the Haragan is 17 to 18 mm long,
18 to 19 mm wide and 11 to 12 mm thick (table 14; figure 33). The
smallest specimen in the collections is 4.4 mm long, 4.1 mm wide, 2.5 mm
thick, and the largest has a width of 29 mm and a thickness of 19 mm
(the pedicle beak of this specimen is broken so the length cannot be de-
termined) . ‘

Dental lamellae support the teeth in young shells, but in older indi-
viduals the shell is thickened and the plates are obscure; the muscle scars
are deeply impressed and semiflabellate as shown on plate X, figure 10.
The brachial hinge-plate is shown on plate X, figure 9; this plate is sup-
ported on a high, long median septum which extends forward for one-half
to two-thirds the length of the valve. The spiralium of a small specimen
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has been prepared (length about 11 mm) ; the spires are laterally directed
and consist of 5 or 6 volutions on each side; a portion of the jugum is
preserved and this seems to have the characteristic scissor-handle form.

Discussion: The genotype of Meristella is commonly given as Atrypa
laevis Vanuxem (Cooper 1944, p. 331), but it now appears that the type
should be Atrypa naviformis Hall 1843. A summary of the nomenclatorial
history follows.

The name was first used by James Hall (1859B, p. 78) in the Twelfth
Annual Report of the New York State Cabinet of Natural History. In this
publication the name Merista? naviformis appeared in a list of fossils and
appended to it was a footnote stating “This species, and some others of the
Clinton and Niagara groups, differ somewhat from true Meristae; and
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Ficure 33. Meristelle atoka Girty. Scatter diagram showing the length-width
relationship (circles) and length-height of sulcus relationship (triangles). Cir-
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should these differences prove of generic importance, I propose for them
the name Meristella”. This would seem to be an acceptable generic diag-
nosis but most later authors have rejected it, presumably because of ils
provisional nature, and date the name from Hall 1860. Hall’s usage of
Meristella in 1860 (and subsequently) is truly remarkable for its com-
plications, verging on the chaotic, as is shown in the following summary.

In the Thirteenth Annual Report of the New York State Cabinet of
Natural History, Hall (1860, p. 74) formally proposed the name Meri-
stella, gave a description, and cited the following species as examples:
Meristella laevis, M. bella and M. arcuata irom the Lower Devonian, and
M. cylindrica and M. oblate from the Silurian. No type species was se-
lected. Two years later, in 1862, Hall (pp. 179-180) again formally named
the genus Meristella and gave a diagnosis, but this description differed
from that given earlier; it also omitted mention of the species cited in his
1860 publication, instead citing as “types” Airypa quadricosta and A.
mesacostalis. According to Hall (1862, pp. 176-177; 1868, p. 264; Hall
and Clarke 1894, p. 76) this description and type citation was an error
which had appeared in some of the early copies of the Thirteenth Annual
Report (Hali 1860) ; after a few copies had been printed this description
was emended, the species cited as “types” were removed to the genus
Leiorhynchus (Nudirostra Cooper and Muir-Wood 1951), and the five
species mentioned above were included as examples. However, a few of the
“uncorrected” copies were put in circulation, and since these elicited con-
siderable criticism Hall decided to reprint it in the Fifteenth Annual Re-
port (1862, pp. 176-180) with a discussion of why this definition of
Meristells was unacceptable. The copy of the Thirteenth Annual Report
which the writer has examined has the “emended” version and thus would
not present any nomenclatorial problem. However, if some of the first cop-
ies of this report contained the version as given in the Fifteenth Annual
Report, then these could be considered to constitute publication and would
therefore precede and invalidate the “corrected” version. In this event the
types would need to be selected from either Atrypa quadricosta or A.
mesacostalis, assuming, of course, that Hall’s earlier usage (1839) of
Meristella was invalid by reason of its provisional nature. It would, how-
ever, seem to the writer that the 1859 proposal is acceptable, and that
Atrypa naviformis Hall 1843 is the genotype (monotypical). This is an
unfortunate genotype as this species has never, to the writer’s knowledge,
heen adequately described. Hall later (1894, p. 60) referred naviformis to
his genus Whitfieldella, but he gave almost no evidence to support such an
assignment. In view of all these uncertainties it would seem that the most
satisfactory solution to this problem would be to submit Meristella to the
International Commission on Zoological Nomenclature with a request that
Atrypa laevis Vanuxem 1842 be designated the type species. Until such
time as this proposal is accepted or rejected the writer will continue to use
Meristella in the conventional sense, M. laevis being the genotype.

Girty proposed aioka as a variety of Meristella arcuata (Hall, 1857,
p. 95, figs. 1-4; 1859, p. 249, pl. 41, figs. 12-t}, a species based upon
specimens from the Helderberg of New York. C."A. Reeds (1911, p. 267),
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in his faunal study of the Hunton, treated this as a distinct species, a prac-
tice followed by most subsequent authors (Cooper 1944, p. 331, pl. 127,
figs. 17-19). Girty himself questioned the relationship of the Haragan
variety to M. arcuata, stating that M. arcuata atoka “may be a distinct spe-
cies instead of only a variety of M. arcuata.” Girty went on to state “I
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TABLE 14
Meristella atoka Girty—Haragan formation
Height Ratio
Width  Thickness Ratio Ratio Sulcus  Length
(max.) (max.) Length Length (see Sulcus-
mm mm Width  Thickness fig. 33)  height -
4.1 2.5 1.08 1.76 none ——
9.9 5.5 0.89 1.60 none —
8.5 5.0 1.06 1.80 none o
9.1 58 1.06 1.66 1.0 9.6
9.5 5.4 1.00 1.78 trace S
10.5 5.5 0.95 1.82 none e
9.7 5.1 1.05 2.0 trace _—
13.9 7.6 0.96 1.82 3.0 4.43
12.0 7.3 1.12 1.84 1.5 8.9
14.3 8.7 1.00 1.72 2.5 5.75
14.6 9.8 1.09 1.62 3.7 4.2
16.0 8.7 1.00 1.84 3.1 5.1
16.5 10.2 0.99 1.60 5.0 3.25
17.3 10.7 0.95 1.533 7.0 2.35
17.0 12.0 1.00 1.42 7.1 2.25
18.1 12.0 0.94 1.42 6.5 2.60
18.5 12.9 0.92 1.32 9.1 1.88
19.5 12.8 0.88 1.34 9.6 1.8
21.1 13.4 0.82 1.29 10.8 1.6
19.0 12.0 0.94. 1.48 8.0 2.22
19.0 11.7 0.94. 1.52 7.1 2.5
18.2 11.3 0.98 1.57 4.5 3.95
18.2 11.0 0.99 1.62 2.0 3.6
17.2 13.0 1.08 . 9.0 ——
21.5 12.8 0.87 1.46 7.2 2.05
21.2 14.0 0.90 1.36 11.8 1.61
21.1 12.3 0.90 1.54 8.0 2.40
23.5 13.3 0.81 1.42 11.7 1.62
20.0 13.5 0.97 1.42 7.5 26
21.1 13.7 0.93 1.43 9.0 2.2
21.8 12.3 0.91 1.61 6.0 3.3
21.9 12.3 0.92 1.62 9.0 2.2
23.1 13.7 0.87 1.46 9.1 2.2
24.0 15.0 0.83 1.32 11.8 1.7
24.5 14.0 0.83 1.45 9.6 2.1
20.2 13.0 1.01 1.60 8.0 2.6
21.9 14.4. 0.96 1.50 7.8 2.7
24.0 16.0 0.88 1.32 11.0 1.92

Ratio

Width
Sulcus-
height

2.25
2.80
2.05
2.05
1.95
2.4
2.7
4.0
3.65
1.9
2.6
1.97
2.65
2.0
2.65
2.35
3.6
2.3
2.2
2.2
2.55
2.5
2.8
2.2
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suspect that this form may yet prove to be identical with M. meeki.” The
writer has examined many specimens of M. arcuata from the New Scotland
of New York and none of these show the sharply defined fold and sulcus
of the Oklahoma shells. This, plus the much greater size of the New York
shells, seems to justify fully the recognition of M. atoka as a distinct spe-
cies. The species M. meeki was named by Hall (1857, p. 97; 1859, p. 252,
pl. 44, fig. 6), the description being based on specimens from the Lower
Devonian of Tennessee. The only stratigraphic data given are “Limestone
of the age of the Lower Helderberg, Tennessee” (Schuchert 1897, p. 268
adds Perry -County), which presumably refers to the Ross limestone of
western Tennessee (Dunbar 1919, pp. 43-54; Wilson 1949, fig. 83, p. 287).
Through the courtesy of Dr. Norman Newell and Dr. Donald Squires the
writer was able to borrow Hall’s original type from the American Museum
of Natural History. This specimen, which is illustrated on plate XIII, fig-
ures 26-30, is large and has a deep, sharp brachial sulcus. It has a trans-
verse shell, the width being about 35 mm and the length 30 mm, and
closely resembles the Ross limestone specimens examined by the writer.
The umbo of the type is slightly flattened, which is not a characteristic
feature of the Ross specimens, but this is probably only a minor variation
hecause in other respects it agrees with the Tennessee shells. M. meeki dif-
fers from M. atoka in having a larger, more transverse shell. However, the
two species are believed to be closely related, being similar in profile and
in the development of the brachial sulcus and pedicle fold. Both Dunbar
and Wilson appear to have overlooked Hall’s species M. meeki, referring
all of the Ross limestone meristellas to M. atoka and M. arcuate. The writ-
er’s examination of Dunbar’s Tennessee collections indicates that M. arcuata
is probably not present, the Ross limestone and Birdsong shale specimens
being referable to M. atoke and M. meeki.

The collections under study include over 300 well preserved specimens
of M. atoka. These show considerable variation in form, with most of this
variation concerned with the development of the fold and sulcus. This
structure is conspicuous on all mature shells, but on some it is much deeper
and sharper than on others. Some of this variation is illustrated on plate
X, and it is also shown graphically in text figure 33 where the length has
been plotted against the sulcus height. Selected individuals representing
end points in this variable sequence are quite different from one another,
but all gradations can be found from a shell with an extreme: sulcus ( pl.
X, figs. 1, 12) to one in which it is relatively shallow (pl. X, figs. 2, 8).
This gradation, which is brought out in figure 33 and in table 14, seems
clearly to indicate a single, variable species.

Girty’s specimens came from the “Lower Helderberg period. Atoka
quadrangle, T. 1 S., R. 8 E,, Indian Territory.” This locality is in the south-
western part of Coal County, in the vicinity of old Hunton townsite (sec.
8, T.1S., R. 8 E.) and the specimens were probably collected from the
Haragan formation although some may have been obtained from the lower
part of the Bois d’Arc formation (this species is present in the Cravatt
member). Reeds recorded M. atoka from the Henryhouse, Haragan and
Bois d’Arc formations, but his Henryhouse representatives are almost cer-
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tainly specimens of Meristina roemeri Foerste (Amsden 1951, p. 94, pl. 17,
figs. 15-20). Externally this species differs from M. atoka in having a
more weakly developed fold and sulcus.

Tansey (1922, p. 204, pl. 53, figs. 7-20) described and illustrated
specimens from the Bailey limestone of Missouri.

Holotype: Girty’s holotype is in the U. 3. National Museum, Cat.
No. 3410. _

Figured specimens: Localities Cl-H, -1, -J, K; M1-.K; M2-L. Catalog
numbzrs, OU-1074 to 1081 incl. ‘

Distribution: This is one of the most common and widely distributed
brachiopods in the Haragan formation. There are over 300 specimens in
the collections from the following localities: C1-H to O (incl.) ; C2-G, -H,
1, -P; Ca2-P; J11-D; ML-G to L (incl.); M2-H, -J, K, -L, -M; M4; M8-
L, -N: M9:-A to D (incl.); M10-], L, -M; M11-A; M14.E, -F, -H, -I; P9-
E. -F,-I,.J, K; P10-L.

SUPERFAMILY PUNCTOSPIRACEA
Cyriina Davidson 1858

CYRTINA DALMANI NANA Amsden, new subspecies
Plate VII, figures 19-28; text figures 34, 35

Cyrtina dalmani (of Reeds 1911, pp. 264, 267; of Maxwell 1936, p. 89) ;

not Cyrting dalmani Hall 1857.

Description: Shells small, transverse, the width consistently greater
than the length. Lateral profile biconvex, pedicle convexity strong, pyra-
midal. Pedicle beak pointed, palintrope strongly apsacline, approaching
catacline on some shells; commonly the pedicle beak and palintrope are
slightly twisted, thus producing an asymmetrical valve (pl. VII, figs. 19,
27) ; delthyrium at least partly closed with an arched “deltidium” (pl.
VII. fig. 25). A pedicle sulcus begins at the beak, becoming fairly deep
towards the front end; the brachial fold is not well developed, being only
slightly broader and higher than the adjacent costae. Surface is costate and
plicate, the number of costae on each side of the brachial fold ranging from
2 to 4; costae crossed by well developed, concentric lamellae. Shell strongly
punctate.

The largest specimen in the collection is 8.5 mm wide. Measurements
for 6 shells is given below:

Number of
costae on
each side of
Length (mm) Width (mm) Thickness (mm) brachial fold
5.5 72 3.0

5.8 6.1 3.9 2
5.5 7.0 3.9 3
50 6.6 3.0 2
55 6.7 3.2 2
5.5 8.5 3.5 4
6.4 7.2 4.9 2

The pedicle valve has well developed dental plates which unite with
the median septum to form a spondylium. This median septum, which
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reaches well forward beyond the dental plates, extends up into the spon-
dylial cavity as a ridge. One of the unusual features of the septum is that
the portion projecting into the spondylial cavity is hollow, the hollow part
being almost divided into halves by plates extending down from the top
and up from the bottom; these plates extend forward beyond the tube
(figs. 34, 35). A similar structure was described and illustrated by Hall
and Clarke (1894, p. 44, pl. 28, figs. 44, 46; the species illustrated is C.
hamiltonensis Hall), who stated that the tubular chamber had no external

ot et s gy S T g s apn Sy,

Ficure 34. Serial sections of Cyrtine dalmani nana Amsden showing the pedicle
septum and dental plates (approximately x 15). Distance from the posterior tip
of the pedicle valve: A—1.0 mm; B—1.4 mm.
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opening on older shells. However, the specimens of C. dalmani nana sec-
tioned by the writer appear to have the anterior end of the tube open as
shown in figure 35. The median septum extends back to the posterior tip
of the pedicle valve as shown in plate VII, figure 25, but the tube appears
to have been closed at this end, at least in mature specimens. The function
of this structure is in question; perhaps the diductor muscles attached to
the outside of the tube, and the adductors attached partly to the inside
and partly to the plates projecting forward. The brachial interior is illus-
trated on plate VII, figure 28. The spires are directed towards the pedicle
valve, being inclined postero-laterally; jugum not observed.

Discussion: The genus Cyrtina was established by Davidson in 1858
(pp. 66-68) the type species being C. heteroclyta (DeFrance) from the
Middle Devonian. In his discussion and illustrations Davidson makes no
reference to a septum, hollow or otherwise, projecting into the spondylial
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Ficure 35. Cyrtina dalmani nana Amsden. Transverse serial sections (A to D)
and drawing (E) illustrating the structure of the pedicle septum. A to D. (ap-
proximately x 15) ; distance from posterior tip of pedicle beak: A—0.4 mm; B—
0.6 mm; C—0.8 mm; D—1.4 mm. E. Sketch showing the writer’s interpretation
of the transverse sections, A to D.
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cavity. However, this structure is presumably present, at least it is quite a
common feature in the American, Devonian species referred to Cyrtina
(Hall and Clarke 1894, p. 44; Cooper 1944, p. 359). The internal structure
of the genotype, C. heteroclyta, should be restudied, especially the details
of the spondylium.

The Haragan specimens of Cyrtina have commonly been identified as
C. dalmani (Hall 1857, p. 64; 1859A, p. 206, pl. 24, figs. 1), a species
based on specimens from the New Scotland of New York. Hall’s illustra-
tions of this species are not entirely satisfactory, at least judging by the
numerous New York specimens examined by the writer at Peabody Mu-
seum—7Yale University and the U. S. National Museum. Many of Hall’s
figures show a sharply pointed, almost mucronate cardinal extremity,
whereas most of the shells seen by the writer have this part somewhat
rounded. A direct comparison shows the Haragan shells to be much like
those from New York, being similar in profile, outline and ornamentation.
The only consistent difference is in size, the New Scotland shells being
much larger, specimens 10 millimeters wide being common and many range
up to 15 millimeters or more in width. This size difference is quite con-
spicuous, involving not only the average size, but the maximum size as
well. The larger New York specimens have more costae, but when speci-
mens of the same size are compared they appear to be almost identical.
The writer has not observed any brachial interiors of the New York speci-
mens; however, in the pedicle valve the septum projects into the spon-
dylium in a manner like that of C. dalmani nana, although it is not known
if this septum is hollow.

The Birdsong shale specimens of C. dalmani are larger than C. dal-
mani nana, ranging up to 12 or 14 millimeters in width, The Bailey lime-
stone specimens appear to be only slightly larger than those from the
Haragan, at least judging from the illustrations given by Tansey (1922,
pl. 51, figs. 30, 31; pl. 52, figs. 1-4).

Holotype: Locality, M2-M. Catalog number QU-972.

Figured specimens: Localities M2-M; P13 [Bois d’Arc]. Catalog
numbers OU-973 to OU-975.

Distribution: This is not a common or a widely distributed species
in the Haragan. There are about 2 dozen specimens in the collections from
the following localities: M2-L, -M; M4; M10-L. It is also present in the
Bois d’Arc formation, a specimen from the Cravatt member (?) being
illustrated on plate VII, figure 28,

Trematospira Hall 1857 |
TrEmATOSPIRA cf. T. mreroLyTE (Billings) 1863

Plate VIII, figures 27-31.

Trematospira hippolyte? (Billings). Girty 1899 (p. 548, pl. 71, fig. 3a).
Trematospira cf. T. costata Hall. Reeds 1911 (p. 264).

Description: Shells of this species are small, subcircular in outline,
with the width slightly greater than the length. The lateral profile is hi-
convex, the pedicle valve being slightly deeper than the brachial: pedicle
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beak small, closely hooked over the brachial umbo. There is a pedicle sul-
cus and a brachial fold which begin near the umbones becoming mod-
erately deep 4t the front end; the fold comimonly bears 3 costae and the
sulcus 2 costae, the latter being quite low. The surface bears low costae,
which are separated by wide interspaces; three costae occupy each of the
lateral slopes bordering on the fold and sulcus. Shell strongly punctate.

Only one poorly preserved brachial interior has been seen, but this
appears to have the ponderous hinge-plate that is characteristic of this
genus. No pedicle interiors observed.

There are only two shells of this species in the collections complete
enough to yield satisfactory measurements. The dimensions of these are:

Length {mm) Width (mm) Thickness (mm)
14.9 17.6 0.6
18.6 20.5 9.6

Discussion: There are eight specimens in the collections under study
which are believed to represent the genus Trematospira. One of these,
here called Trematospira sp., has a strongly transverse shell which is easily
distinguished by its pustulose exterior. The other six, of which only two
are reasonably complete, have at least some external resemblance to 7.
hippolyte from the Helderberg of Maine. The writer has not studied Bill-
ings’ specimens, but the Haragan shells have an outline and costation some-
what like that shown in the illustrations of the Maine species (Billings
1863. p. 112, pl. 13, fig. 9; Hall and Clarke 1894, p. 126, pl. 49, figs. 23-
27). A much more representative collection is needed before the Haragan
species can be properly defined and identified.

The shells of this species have an ornamentation and profile like that
of T. costata angusta Dunbar (1920, p. 141, pl. 4, figs. 6, 7) from the
Birdsong shale, but the Tennessee species has a more transverse shell. For
comparison the lectotype of Dunbar’s species is illustrated on plate XI,
figure 31.

Figured specimen: Locality, C1-H to O. Catalog number 1005.

Distribution: There are 6 specimens in the collections from old

Hunton townsite {(C1-N) and from White Mound (M4).

TREMATOSPIRA SD.
Plate VIII, figure 32

Description: This species is represented by a single specimen in the
Haragan collections. It has a transverse shell, the length/width ratio being
about 0.72. The lateral profile is biconvex, both valves being rather shallow
and about equal in convexity; the pedicle beak is small and sharply hooked
over the brachial umbo. A pedicle sulcus and brachial fold are present on
the anterior half of the shell, both being shallow; the fold bears 3 and the
sulcus 2 costae; each of the lateral slopes has 4 to 5 costae. The surface is
pustulose, the individual pustules being low and closely spaced (pl. VIII,
fig. 32}. Shell strongly punctate.

The specimen illustrated (and the only one in the collection) has the
following dimensions: length—13.5 mm; width—17.8 mm; thickness—
7.1 mm. ‘

No interiors observed.
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Discussion: The reference of this shell to Trematospira is based en-
tirely on its external shape and punctate shell.

This species differs from Trematospira cf. T. hippolyte in its more
transverse shell, more closely spaced costae, and its pustulose exterior. In
1ts outline and costation it is similar to the Birdsong species, T. costata
anguste Dunbar (1920, p. 141, pl. 4, figs. 6, 7), but the latter does not-
have a pustulose shell. For comparison the lectotype of Dunbar’s specics
is reproduced on plate XI, figure 31.

Trematospira camura (Hall) from the Lockport has a pustulose shell
like the Haragan species, but is much smaller and more finely costate. The
Haragan species probably represents a new species, but the writer does not
wish to name a species on the basis of a single shell.

Figured specimen: Locality C1-H to Q. Catalog number 1064.

Distribution: There is a single shell in the collection from the Hara-
gan at old Hunton townsite.

Rhynchospirina Schuchert and LeVene
RHYNCHOSPIRINA MAXWELLI Amsden, new species

Plate IX, figures 1-13; text figures 36, 37, 38; tables 15, 16

Rhynchospira formosa (of Girty 1899, pp. 548, 566; of Reeds 1911, p.
267 [part]; of Maxwell 1936, p- 90); not Hall 1857.
Description: The shell of this species is subequally biconvex with
the length/thickness ratio generally falling between 1.2 and 1.6 (table 15).
The pedicle beak is prominent and more or less erect in young shells, but
with increasing size it bends progressively towards the brachial, and in
Inature specimens it is commonly in conjunction with that valve (fig. 36).

000

Ficure 36. Profile drawings of Rhynchospirina maxwelli Amsden to show pro-
gressive changes in the pedicle beak with increased size (x 3%%). Haragan for-
mation,
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In outline the shell is elongate oval with the length in nearly all individuals
greater than the width; on most shells the length/width ratio is about 1.1,
rarely decreasing as low as 0.9, or increasing as high as 1.4. Both valves
commonly possess a shallow sulcus, beginning near the beaks and con-
tinuing to the front. The sulcus on the pedicle valve is better developed
than is that of the brachial, and on most specimens can be easily located;
the brachial sulcus is shallower and on some shells is obscure. The surface
bears rounded costellae separated by narrow interspaces; small individuals
will bear 8 to 12 costellae in a space of 5 millimeters, but with increasing
size the ribbing becomes coarser and on large specimens only 4 to 8 occupy
a space of 5 millimeters (fig. 37). On some specimens the ribs become
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Ficure 37. Frequency diagram comparing the costellae spacing of Rhyncho-
spirina maxwelli Amsden from the Haragan formation with “Homoeospira™ sub-
gibbosa Amsden from the Henryhouse formation.

obsolete on the sulci. In addition to the costellae the surface, especially
near the anterior end, is marked with concentric growth lamellae. Shell
substance punctate.

Most specimens in the collection range between 9 and 12 millimeters
in length; the largest is slightly over 15 millimeters long. The dimensions
of 25 specimens are given in table 15.

There are no dental lamellae in the pedicle valve, the teeth being at-
tached directly to the thickened lateral walls. Three views of the brachial
hinge plate are shown on plate IX, figures 11-13. The spires and jugum
have not been observed.

Discussion: 'This species has commonly been identified as R. for-
mosa (Hall 1857, p. 88; Hall 1859A, p. 215, pl. 36, figs. 2, pl. 95A, figs.
7-11; Cooper 1944, p. 361, pl. 141, figs. 15-18}, a species based on speci-
mens from the New Scotland of New York. The two species are about the
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same size, but the Oklahoma specimens have coarser costellation, the ribs
on the New York shells being low and rounded. Also the sulei of R. muazx-
welli are more prominent; on R. formosa the brachial sulcus is almost
non-existent and the pedicle sulcus is weak. The brachial hinge-plate of
R. formosa is similar to R. maxwelli, but the median septum on the New
York specimens is low whereas on the Haragan specimens it is high and
extends to the posterior end of the valve as a well developed ridge. The New
Scotland species, R. globosa (Hall), has costellation similar to that of R.
maxwelli, but it has a thicker, more robust shell with almost no trace of
any suici.

In 1951 the writer (Amsden 1951, pp. 94-95, pl. 18, figs. 19-31) de-
scribed two species of Punctospiracea from the Henryhouse formation,
both being placed in the genus Homoeospira. There is considerable question
concerning the validity of this generic assignment, although for the present
they will be retained in “Homoeospira”, Externally the smaller of these
Henryhouse species, H. foerstei, is readily distinguished by its small size,
coarse costellae, and well developed sulci. In contrast “H.” subgibbosa has
a larger shell with a close resemblance to R. maxwelli. A comparison of

TABLE 15
Rhynchospirina maxwell; Amsden—Haragan formation
Rib Count
Ratio Ratio No. of costeliae

Length Length in 5 mm at

Length Width Thickness Width Thickness  anterior end
5.2 4.9 3.5 1.06 1.48 10
3.5 3.7 2.5 1.48 2.20 .
6.0 5.5 3.6 1.09 1.67 12
6.5 5.5 3.2 1.18 2.1 10
7.5 6.4 4.5 1.17 1.67 8
7.9 7.2 4.8 1.10 1.64 3
8.1 8.3 4.6 0.98 1.78 6
8.9 8.1 5.1 1.10 1.74 8
9.1 8.2 0.9 1.10 1.66 8
9.4 8.9 6.4 1.05 1.47 6
9.6 9.6 6.4 1.00 1.50 6
10.1 9.1 7.1 1.10 1.42 7
10.4 8.8 6.8 1.18 1.50 7
10.5 8.7 6.4 1.20 1.21 7
11.1 12.3 3.9 0.91 1.24 6
11.4 10.3 7.1 1.10 1.60 6
11.5 10.1 7.3 1.14 1.58 5
11.8 10.7 8.4 1.10 1.29 7
11.8 11.1 8.1 1.06 1.46 6
11.9 10.5 1.5 1.14 1.59 3
11.9 10.5 8.5 1.14 1.40 6
13.5 10.1 8.2 1.34 1.64 _—
14.0 13.2 11.0 1.06 1.27 4
15.4 14.0 10.6 1.10 1.45 S
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the data given in tables 15 and 16 shows that these two species are alike
in size, and have similar length/width and length/thickness ratios. The
most conspicuous external difference is in the pedicle sulci, which are
commonly obscure on the Henryhouse shells. In addition the costellae of
“H.” subgibbosa tend to be coarser, although there is an overlap as shown
in figure 37. The most significant difference between these two species 1s
in the structure of the brachial valve. In R. maxwelli there is a long, stout
median septum supporting the hinge plate; the hinge plate stands well
above the hinge-line and has two flanges extending posteriorly back over
the brachial umbo (but not in contact with it). In contrast, “H.” subgib-
bosa has an abbreviated median septum which extends forward less than a
millimeter as shown in figure 38; the hinge plate is low and the posterior
extension is extremely short although there is a slight backward extension.

R. electra (Billings) from the Helderberg of Maine has a smaller shell
with a weaker convexity and deeper pedicle sulcus. The Bailey limestone
specimens which Tansey (1922, p. 201, pl. 52, figs. 5-18) identified as
R. formosa appear to have ornamentation and sulcation like the Haragan

shells.

TABLE 16
“Homoeospira” subgibbosa Amsden—Henryhouse formation
Rib Count:
Ratio Ratio No. costellae
Length Length in 5 mm at
Length Width Thickness Width Thickness  anterior end

3.9 3.2 21 1.22 1.86 _—

4.9 2.5 3.2 0.89 1.54 8

6.2 5.1 3.9 1.21 1.59 7

7.8 6.9 5.1 1.13 1.53 6

7.8 7.1 5.3 1.10 1.47 5

8.2 8.1 5.2 1.01 1.58 6

8.5 7.1 5.5 1.20 1.54 5

9.1 9.7 6.4 0.94 1.42 5)

9.4 8.4 6.4 1.12 1.47 5

9.5 8.2 5.5 1.16 1.72 6

9.8 8.7 0.5 1.12 1.50 )

9.9 10.1 5.8 0.98 1.70 6
10.5 9.3 — 1.13 _— 6
10.5 10.3 —— 1.12 —— 5
10.5 0.1 6.1 1.26 1.72 >
10.9 10.0 7.5 1.09 1.46 5
11.1 11.5 7.8 0.97 1.43 4
11.4 10.4 — 1.00 — )
11.5 11.5 8.7 1.00 1.32 4
11.9 10.7 7.6 1.11 1.56 )
12.2 11.4 8.9 1.07 1.37 )
13.0 12.3 8.6 1.18 1.51 5
13.1 13.2 8.3 0.99 1.58 4.
13.3 12.3 8.9 1.08 1.50 4
14.6 13.7 9.9 1.06 1.48 5
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The Birdsong collections at Peabody Museum—Yale University include
specimens identified as R. formosa and R. globosa. The former are similar
to the New York shells, but those identified as R. globosa: are similar to
R. maxwelli in ornamentation and development of the pedicle sulcus.

This species named for Dr. Ross A. Maxwell.

Holotype: Locality C1-M. Catalog number QU-1039.

Figured specimens: Localities C1-K to O; M2-H. Catalog numbers
0U-1040 to OU-1044.

Distribution: This species is abundantly represented in the Haragan
collections. There are well over 200 specimens from the following local-
ities: C1-H to O (incl.) ; Cas-O; MI1-K, -L, -M; M2.H, -], K, -L, -M; M4,
M8-N; M9-A, -B; M10-L; M11-A; MI4-H, -I; P10-E, -L.

A B

Ficure 38. Transverse serial sections of “Homoeospira” subgibbosa Amsden
showing the abbreviated median septum in the brachial valve (approximately x
20). Henryhouse formation. Distance from the posterior tip of the brachial valve:
A—0.2 mm; B-0.5 mm.

SUPERFAMILY TEREBRATULACEA
Rensselaerina Dunbar 1917
RENSSELAERINA HARAGANANA Cloud 1942

Plate X, figures 16-26; plate XIV, figures 16, 17; table 17

Renssellaeria [sic] aequiradiata (of Girty 1899, p. 547) ; not Conrad 1892.
Rensselaerina medioplicata (of Maxwell 1936, p- 90) ; not Dunbar 1917.
Rensselaerina haraganana Cloud 1942 (pp. 52-33, pl. 4, figs. 1-7, 17-20).
Description:” Shells elongate subelliptical in outline, the length/width
ratio ranging from L.I to 1.4 (table 17). The lateral profile is subequally
iconvex; convexity highly variable with the length/thickness ratio ranging
from 1.3 to 2.2; pedicle beak small, pointed, and sharply hooked over the
brachial. Surface smooth except for low, rounded costae which are con-
fined to the anterior portion of both valves; 4 to 6 costae occupy a space
of 5 millimeters. A specimen of average size is about 20 millimeters long
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(table 17); the largest in the collections has an estimated length of 30
millimeters. Shell punctate.

The posterior portions of the pedicle and brachial interiors are shown
in figures 19, 20, 23, of plate X. The loop is not figured, but Cloud gives
an excellent description and illustration of this structure.

TABLE 17
Rensselaerina haraganana

Ratio Ratio Costae

Length Width Thickness Length Length No. in

mm mm mm Width Thickness 5 mum
6.4 5.0 3.1 1.28 2.00 _
17.3 16.1 8.7 1.18 2.0 4
17.6 15.0 9.6 1.17 1.82 _
18.4 15.7 0.6 1.17 1.91 5
18.7 14.6 10.2 1.27 1.84 5
20.5 16.5 13.6 1.24 1.50 0
22.8 16.3 9.8 1.40 2.23 _
23.1 190.1 12.3 1.21 1.88 _
23.7 19.0 175 1.25 1.36 5
23.8 16.9 12.9 1.40 1.84 6
26.4 18.6 15.7 1.40 1.68 §)

Discussion: Cloud based his description of this species on specimens
from the Haragan formation, White Mound, Murray County, Oklahoma. It
is at least externally very similar to R. medioplicata and R. medioplicata
latior Dunbar (1917, p. 469, pl. 2) from the Linden group of Tennessee
(Cloud, 1942, p. 52, states that R. medioplicata is from the Birdsong shale
of the Linden group). Cloud was fully aware of this similarity and in his
comparison of R. haragenana with R. medioplicata latior he stated “Actu-
ally R. haraganana is proposed as matter of convenience, to give it an un-
ambiguous designation because of the loops which it has revealed.” In
comparing R. medioplicata with R. medioplicata latior he noted that “The
distinction . . . . is fundamentally a matter of length-width [width/length]
ratio, that of R. medioplicata being 0.70 to 0.74 while the holotype and
only known specimen of R. latior gives a ratio of 0.80.” Since R. latior is
known from only a single specimen this difference in ratios is not entirely
convincing. Considering the factors involved, the species categories recog-
nized by Dunbar and Cloud seem to be justified, but it should be empha-
cized thal there is a marked external similarity between the Tennessez and
Oklahoma species of rensselaerinas. Internally the pedicle valve and bra-
chial cardinal plate of R. medioplicata are much like those of R. haragan-.
ana, although there are some differences in the loop (Cloud, 1942, p. 53,
pl. 4: on page 50 this author notes that the loop of Rensselaerina is prob-
ably highly variable).

Holotype: Peabody Museum—TYale University; Schuchert collection
3345.
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Figured specimens (of the present report) :  Localities, C1-M to 0;
M4; M10-M; P13 [Bois d’Arc]. Catalog numbers OU-1004 to OU-1010

incl,

Distribution: There are about 50 specimens in the collections al-
though most of these are incomplete. It is most numerous in the upper
part of the Haragan, and to date no specimens have been collected by the
writer in the basal third of this formation. The following localities -are
represented: C1-H to O (incl.); M2.L, -M; M10-M; M14-I. It is also
present in the Cravatt member of the Haragan formation; the ‘specimen
illustrated on plate X, figures 21, 25 is probably from this member.
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PART 111

SUPPLEMENT TO THE
HENRYHOUSE BRACHIOPODS

TeoMAs W. AMSDEN

INTRODUCTION

Some years ago the writer published a paper on Henryhouse brachi-
opods based on a study of the excellent collections at the U. S. National
Museum (Amsden 1951, p. 69-96, pls. 15-20). This publication described
41 species, of which 27 were new, assigned to 27 genera, of which 2 were
new. In 1955 the writer started a stratigraphic and paleontologic study of
the entire Hunton group, an investigation which is continuing. During the
course of this work the Henryhouse fauna has been re-collected and the
brachiopods restudied. This has made it possible to emend and to expand
the information given in the 1951 paper in several ways: (1) the 1951
list of species is changed slightly; (2) some of the generic assignments
are revised, and in Part IV the writer and A. J. Boucot are proposing 4
new genera based on Henryhouse-Brownsport type species; (3} some ob-
servations are added on various morphologic and stratigraphic aspects of
several different species; (4) one new species and two new trivial names
are proposed.

The 1951 brachiopod faunal list included the genus Orthostrophia
(0. cf. O. brownsportensis Amsden), but the recent-biostratigraphic in-
vestigation indicates that this genus is not present in the Henryhouse (see
Discussion of Orthostrophia). The writer has collectéd a specimen which
is herein described as Skenidioides henryhousensis, a genus not previously
recorded from the Henryhouse. '

Several of the genera reported from the Henryhouse need to be re-
studied. As previously noted (Amsden 1951, pp. 75, 86) the groups most
in need of revision are the Camarotoechiidae and the Rhipidomellidae. The
Henryhouse representatives of the latter family are being revised in the
present bulletin (Part IV), but only minor changes are made in the Camaro-
toechiidae as this involves the restudy of certain genera based on European
as well as North American genotypes. The other generic changes are:
(1) the Henryhouse-Brownsport species heretofore referred to Lissatrypa
are placed in a new genus, Lissatrypoidea Boucot and Amsden; (2) Far-
denia attenuata Amsden is placed in Schuchertella; (3) Camarotoechia
carmelensis and C. altisulcata are transferred to Stegerhynchus Foerste;
(4) Parmorthis is supressed as a synonym of Resserella. A revised list of
Henryhouse brachiopods follows:
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HENRYHOUSE BRACHIOPODS

Resserella brownsportensis (Amsden)

Rhipidomelloides henryhousensis (Amsden)

R. subtriangularis (Amsden)

Strixella acutisulcata (Amsden)

Pseudodicoelosia oklahomensis (Amsden)

Isorthis arcuaria (Hall and Clarke)

Dicoelosia oklahomensis Amsden

Skenidioides henryhousensis, n. sp.

“Schizoramma” hami Amsden

Ptychopleurella rugiplicata (Hall and Whitfield)

Dictyonella gibbosa (Hall)

Sieberella roemeri Hall and Clarke

Anastrophia delicata Amsden

Strophonella prolongata Foerste

S. laxiplicata Foerste

S. alterniradiata Amsden

S. loeblichi Amsden

Stropheodonta (Brachyprion) attenuata Amsden

Leptaenisca irregularis Amsden

Lissostrophia (Lissostrophia) cooperi Amsden

Fardenia (?) reedsi Amsden

Schuchertella attenuata (Amsden)

Leptaena oklahomensis Amsden

“Camarotoechia” oklahomensis Amsden

“C.” filistriata Amsden

Stegerhynchus carmelensis {Amsden)

S. altisulcata (Amsden)

Atrypa tennesseensis Amsden

A. arctostriata Foerste

Lissatrypoidea concentrica (Hall), emend Boucot and Amsden [syno-
nym Lissatrypa decaturensis Amsden]

L. henryhousensis (Amsden)

Nucleospira raritas, new name [=— Nucleospira concenirica Amsden
1951, not Nucleospira concentrica Hall 1859, emend Boucot and
Amsden]

Coelospira saffordi (Foerste)

Nanospira parvula Amsden

Delthyris kozlowskii Amsden

Howellella henryhousensis Amsden

Merista oklahomensis Amsden

Meristina roemeri Foerste

Homoeospira foerstei Amsden

H. subgibbosa Amsden
The Henryhouse brachiopods collected by the writer have all been

laken from carefully described and measured sections so that the strati-
graphic range of the various species is well known. This work clearly shows
that the brachiopod fauna ranges throughout the formation, there being no
difference between the fossils collected from the lower part (e.g. P6) and
those from the upper part (e.g. P3-R, -S, -T')}. No recognizable faunal zones
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have been observed within the Henryhouse strata, nor have any been found
in the Haragan formation. The faunal change from the Henryhouse to the
Haragan is sharply defined and there are no species common to the two
formations. The relationship of the Henryhouse to the Haragan has already
been discussed in part II so no further remarks will be here given except
to emphasize that there is no evidence of any kind of transitional faunal
elements bridging the gap between these two formations.

There has been some difference of opinion on the age of the Henry-
house formation. Reeds (1911, p. 258} correlated the Henryhouse with
the Brownsport formation of western Tennessee and assigned both to the
Niagaran. This age assignment was followed by Maxwell (1936), but
Decker (1935, 1936) on the basis of a study of Henryhouse graptolites
placed this formation as early Ludlovian. On the Silurian Correlation Chart
(Swartz and authors 1942) Decker’s Upper Silurian age was accepted for
the Henryhouse, although the Brownsport was retained within the Niagaran.
The writer (1951, p. 70) correlated the Henryhouse formation with the
Brownsport, a formation previously (1949, p. 36) assigned to the Niagaran.
During the course of the present study some of the Brownsport brachio-
pods have been restudied (Amsden 1956B, pp. 78-84) and this work sub-
stantiates the writer’s earlier conclusions (T. G. Perry is making a study
of the Brownsport-Henryhouse Bryozoa and has informed the writer that
the evidence from these fossils is not in agreement with that of the bra-
chiopods). The writer does, however, agree with Decker that an early
Ludlovian age is indicated (see ParT II; HENRYHOUSE-HARAGAN RELATION-
SHIP).

The Henryhouse is lithologically like the Haragan (Amsden 1957, pp.
25, 30-31) and the two must have been deposited under nearly identical
conditions. Moreover, the general constitution of the faunas is similar, in
each the megafaunas are dominated by the brachiopods, indicating that
similar ecological conditions prevailed (see ParT II; PaALEOECOLOGY). The
faunas of the Henryhouse and Haragan must be primarily a biocoenose.
The absence of channelling and cross-bedding in the strata, combined with
the excellent preservation of the fossils, indicates that there was little re-
working of the fossils by wave or current action. No doubt there was some
shifting of the shells in Henryhouse and Haragan times, but this must have
been slight and the position of the fossils today is probably close to their
position in life.
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DiscussioN oF (GENERA AND SPECIES
Orthostrophia Hall 1883

Discussion: The Henryhouse collections studied by the writer in
1951 included 3 fragmentary individuals which were compared to .
brownsportensis Amsden (Amsden 1951, p. 78, p. 15, fig. 31). A recent
restudy of the figured specimen at the U. S. National Museum indicates
that it is probably a Haragan specimen of O. strophomenoides parva which
was mixed in with Henryhouse collections. The new collections made l:v
the writer have not yielded any unequivocal specimens of Orthostrophia
from the Henryhouse formation. For a more complete discussion see PART
11, Orthostrophia strophomenoides parva.

Resserella Bancroft 1928

(synonym, Parmorthis Schuchert and Cooper 1931)
RESSERELLA BROWNSPORTENSIS (Amsden) 1949

[new combination ]

Parmorthis brownsportensis Amsden 1949, (p. 42, pl. 1, figs. 1-6) ; Ams-
den 1951 (p. 74, pl. 16, figs. 17-23); Amsden 1956, pp. 78-84).
Discussion: The writer assigned this species to Parmorthis on the

basis of its similarity to Orthis elegantula Dalman, the type species desig-

nated” by Schuchert . and Cooper (1932, p. 128). Schuchert and Cooper
also discussed- “(p. 126)-Bancroft’s genus Resserella and restricted the geno-
type to the specimen of Orthis canalis which Sowerby illustrated on plate

13, figure-12a of Murchison’s Silurian System. Recently Cooper (1956,

p. 956) has discovered that this specimen is actually a representative of

Parmorthis, which has the unhappy result of making Parmerthis Schuchert

and Cooper 1931 a synonym of Resserella Bancroft 1928.

This species is abundant in both the Brownsport formation and the

Henrvhouse formation. The Henryhouse collections recently assembled by

the writer include over 100 specimens of Resserella brownsportensis.

RHIPIDOMELLIDAE Schuchert 1913
Plate XII, figures 5-9; plate XIV, figures 10-11, 18-23, 32;
text figures 8, 9, 10, 40-42.

The writer in 1951 (pp. 74-77) desecribed 4 species of Rhipidomellidae
from the Henryhouse formation. All of these were placed in Rhipidomella
although it was noted that the group was in need of generic revision. In
PArT IV of the present volume the writer and A. J. Boucot are removing
all of these species from Rhipidomella and giving them the following as-
signments:

Pseudodicoelosia oklahomensis (Amsden)

Rhipidomelloides henryhousensis (Amsden)

Rhipidomelloides subtriangularis (Amsden)

Strixelle acutisulcata (Amsden)

These species are fairly common in the Henryhouse, especially R. henry-
housensis and S. ecutisulcata, and since R. oblata is abundant in the Hara-
gan the distinction between the Silurian and Devonian Rhipidomellidae is
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of considerable stratigraphic importance. P. oklahomensis and S. acutisul-
cata are distinctly different from R. oblata; S. acutisulcata is easily dis-
tinguished externally by its acute brachial sulcus and internally by its lin-
ear pedicle muscle field, whereas P. oklahomensis is characterized by its
small shell with a distinct tendency towards bilobation. On the other hand
R. henryhousensis and R. subtriangularis are closely similar to R. oblata,
but the two Henryhouse species can be distinguished by their subequally
biconvex profiles; for a more detailed comparison see ParT 1I; Discussion
of R. OBLATA.

All of the Rhipidomellidae from the Henryhouse, as well as Rhipido-
melloides cliftonensts (Amsden 1949, p. 43, pl. I, figs. 1-7) and R. lenticu-
laris (Foerste; 1909, p. 72, pl. 2, figs. 28A, B) from the Brownsport for-
mation, are characterized by having a subequally biconvex shell, the ped-
icle convexity equal to, or greater than, the brachial. This is also true of
most, if not all, of the Middle Silurian species which have been identified
as “Rhipidomella hybrida Sowerby” (see Hall 1852, pl. 52, figs. 4a-40;
Clarke and Beecher 1889, pl. 1, figs. 13-18a; Hall and Clarke 1892, pl. 6,
figs. 1-5; Cooper 1944, pl. 139, figs. 5-7; ParT 1V, this report). In con-
trast the mature shells of R. oblata (shells over 10 to 12 mm long) from
the Haragan formation are in almost every case unequally biconvex, the
pedicle being shallower than the brachial; the smaller individuals have a
variable convexity, some being unequally, some subequally, biconvex, but
with increased size the pedicle valve is flattened towards the front whereas
the brachial valve remains evenly and deeply convex.

The Henryhouse collections recently made by the writer include the
following specimens: P. oklahomensis about 25 specimens; R. henry-
housensis about 100 specimens; R. subtriangularis about 30 specimens; S.
acutisulcata about 100 specimens.

Skenidioides Schuchert and Cooper 1931
SKENIDIOIDES HENRYHOUSENSIS Amsden,
new species
Plate XIV, figures 2-7.

Description: Shells small, transverse, hinge-line straight and cardinal
extremities rounded. Lateral profile biconvex, pedicle valve deep and sub-
pyramidal; brachial valve shallow. Pedicle palintrope large, strongly apsa-
cline; delthyrium open on the holotype (and only specimen). Brachial
valve with a broad, shallow sulcus; palintrope narrow, anacline. Surface
costellate, costellae rounded.

No interiors observed.

Discussion: Skenidioides was named by Schuchert and Cooper (1931,
p. 243; 1932, pp. 71-72), the genotype being S. billingsi from the Middle
Ordovician. This genus was distinguished from Skenidium chiefly because
of certain differences in the brachial hinge plate; externally Skenidioides
differs in having a slightly stronger development of the brachial interarea.
No interiors of S. henryhousensis have been observed so that its internal
characters cannot be compared to those of either Skenidium or Skenidio-
ides. Externally it has the small shell and subpyramidal profile which
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characterize the family Skenidiidae. The Henryhouse specimen has a
stronger brachial interarea and finer costellation than does Skenidium in-
signe and it is on these shell features that it is assigned to Skenidioides.

S. pyramidalis (Hall 1852, p. 251, pl. 52, figs. 2a-1) from the Lock-
port has a much larger shell with more angular plications. S. lewisii (David-
son 1848; Kozlowski 1929) has a slightly larger shell with coarser orna-
mentation, and the palintrope is somewhat curved and not as strongly
apsacline as in S. henryhousensis. There is only a single specimen repre-
senting this species, but it is a nearly perfect shell and since there appears
lo be no closely related species known it is made the type of a new species.

Holotype: Locality P3-S; catalog number OU-1118.

Distribution: A single specimen from the Henryhouse formation,

locality P3-S.

Dictyonella Hall 1868
DicTtyoNELLA GiBBOosA Hall 1868

In 1868 Hall (p. 278; Hall and Clarke 1894, pl. 83, figs. 5-7) pro-
posed two new Brownsport species, Eichwaldia gibbosa and E. concinna
(later referred to Dictyonella). The latter was distinguished from D. gib-
bosa by its reduced convexity and slightly more triangular outline. These
are variable shell features among Brownsport dictyonellas and in all proba-
hility represent only minor morphologic variations of a single species. In
1949 the writer (p. 62, pl. 8, figs. 1-8) redescribed and illustrated D.
gibbosa.

The presence of Dictyonella in the Henryhouse formation of Okla-
homa has been known for many years. Reeds recorded D. gibbosa in 1911
{p. 263) and the writer described and illustrated this species in 1951 (p.
78, pl. 20, figs. 7-12). During the course of the present investigation on
the Hunton group the writer has collected -over 100 specimens of D. gib-
bosa from almost all parts of the Henryhouse. In addition a few specimens
of a small species of Dictyonella have been found in the Keel member of
the Chimneyhill formation, a stratigraphic unit generally assigned an early
Silurian age (Amsden 1957, pp. 15-16). This genus has also been reported
frem the Haragan formation, and there is a single specimen of Dictyonella
in the University of Oklahoma collections which is labelled “Haragan for-
mation, old Hunton townsite.” A detailed investigation of the Hunton marl-
stone in this area reveals that only the Haragan is exposed, although the
lower 100 feet of the marlstone sequence is covered. If this specimen actu-
ally came from the marlstones in the immediate vicinity of old Hunton
townsite it must be Haragan, however, the writer strongly suspects that it
is a Henryhouse shell which has been mixed with Haragan collections as
it is indistinguishable from specimens of D. gibbosa collected from un-
doubted Henryhouse strata. Moreover, extensive collecting in the Hunton
marlstones have never yielded a single specimen of Dictyonella in un-
doubted Haragan beds. It therefore seems probable that this specimen
either did not come from the immediate vicinity of old Hunton townsite
(there are Henryhouse beds exposed a short distance south of old Hunton
townsite), or it is a Henryhouse shell mixed in with Haragan collections
made at the townsite. Investigations of other reports of Haragan strata
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hearing Dictyonella show that Henryhouse beds have been misidentified as
Haragan. To date the writer has found Dictyonella only in the Keel mem-
ber of the Chimneyhill formation, and in the Henryhouse formation.
Dunbar in his study of the Devonian of western Tennessee described
a new species, D. subgibbose (1920, pp. 124-125, pl. 2, figs. 11-13); how-
ever, there is some question concerning the stratigraphic position of the
type. Under the discussion of this species it was stated that “Only frag-
mentary specimens of this species were found in the Rockhouse shale in
Tennessee, and the description is based upon specimens from the equivalent
faunal horizon in the Arbuckle Mountains of Oklahoma. Collections at
Yale made by Doctor C. A. Reeds show that the Rockhouse faunal zone is
present in Oklahoma between the Henryhouse and Haragan formations.”
The writer’s investigation of the Hunton group shows no faunal zone be-
tween the Haragan and Henryhouse, the two being contiguous, and it
would seem fairly certain that these Oklahoma specimens are representa-
tives of D. gibbosa from the Henryhouse formation. Through the courtesy
of Dr. Dunbar the writer was able to study the Yale collections from the
Rockhouse shale of western Tennessee. Several pieces of a Dictyonella are
present, but all of these are too fragmentary for specific identification.
The specimen figured by Dunbar on plate II, figures 11-13 was not found,
but the fact it is a complete shell suggests it is from the Reeds’ Henryhouse
collections. More satisfactory material is needed before any further obser-
vations can he made on the Rockhouse representatives of Dictyonella.

Leptaena Dalman 1828
LEPTAENA OKLAHOMENSIS Amsden 1951

Plate XII, figure 21; text figures 18, 19; table 11
Leptaena oklahomensis Amsden 1951 (p. 85, pl. 16, figs. 29-35)

Discussion: This species- was deseribed by the writer in 1951, the
holotype coming from the Henryhouse formation (near section P1 of the
present report}. The most similar species is L. tennesseensis Amsden
(1949, p. 54, pl. V, figs. 16-22) from the Brownsport formation, but L.
oklahomensis differs in being a more finely costellate species, averaging
about 20 costellae per 5 mm in contrast to the 10 to 14 of the Tennessec
species. Also the Oklahoma shells tend to have a better developed trail.
Mature individuals of L. tennesseensis and L. oklahomensis lack the rec-
tangular outline of L. acuticuspidata from the Haragan formation, al-
though the smaller shells of both Silurian species may have an outline re-
sembling the Haragan specimens. Some immature individuals develop a
strongly pointed cardinal extremity, this being especially true of the Ten-
nessee shells (Amsden 1949, pl. V, figs. 11-13). In 1949 the writer erected
a separate species, L. delicata, for these small shells from the Brownsport,
but later work showed clearly that these are only the immature forms of

L. tennesseensis and in 1951 it was suppressed as a synonym {Amsden
1951, p. 85).

Table 11 of the present report gives the dimensions and ratios for a
suite of 20 specimens.
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SCHUCHERTELLA ATTENUATA (Amsden) 1951

[new combination ]
Plate X1V, figures 26-31

Fardenia attenuata Amsden 1951 (pp. 84-85, pl. 17, figs. 9-14).

Discussion: In 1951 the writer referred two of the Henryhouse or-
thotetinoids to the genus Fardenia. One of these, Fardenia reedsi (Ams-
den 1951, p. 84, pl. 17), has the internal and external characters generally
associated with this genus (Cooper 1944, p. 343), but the other species,
called Fardenia attenuata differs in several respecis. In the original de-
scription the writer noted some of the internal differences, stating “The
pedicle interior of F. attenuata is similar to that of F. reedsi except that
the delthyrium is almost completely closed by a large, strongly arched
pseudodeltidium (?), whereas in F. reedsi this structure is small and flat-
tish and confined to the posterior end. Similarly the brachial interiors of
these two species are somewhat alike except that F. reedsi has a large,
arched hoodlike structure over the posterior end of the cardinal process,
while in F. attenuata this structure is extremely small and inconspicuous.”
A restudy of these two species based on some excellent interiors recently
collected by the writer shows that these remarks are essentially correct in
so far as the brachial structures are concerned, but need to be emended
with respect to the pedicle valve. The pedicle valve of S. attenuata has
well developed teeth but these are unsupported, there being no trace of
dental lamellae. The delthyrium is closed by a conspicuous arched plate
and the muscle field is elongate and is located on a low platform (pl. XIV,
figs. 27). In the brachial valve the cardinal process is bifid (on some
shells the lateral lobes are weakly cleft to give a quadrilobate appearance)
and is buttressed by diverging socket plates (called brachiophores by some
authors and crural plates by others) and a stout, but low, septum (pl.
X1V, figs. 26, 31).

The genus Schuchertelle was named by Girty in 1904, the genotype
being S. lens from the Kinderhook. Additional information on this genus
was furnished by Thomas (1910, p. 89) and Dunbar and Condra (1932,
p. 117), but the most recent and comprehensive generic discussion is that
of Stehli (1954, p. 289). In addition to ‘the information supplied in these
publications the writer has examined several specimens of the genotype
from the Kinderhook, Louisiana, Missouri, in the collections of the U. S.
National Museum. The brachial interior of the Kinderhook species is sim-
ilar to that of S. attenuata. There is only one pedicle interior in the U. S.
National Museum collections and this is too poorly preserved to give
much information on the internal characters other than to show the ab-
sence of dental plates. Judging from published sources the pedicle muscle
field of S. lens does not differ in any essential respect from that of S.
attenuata. Externally the outline and ornamentation of S. lens and S. at-
tenuata are similar, both being costellate shells with the costellae increas-
ing by intercalation. The most marked difference is in the lateral profile,
the genotype having a moderately well developed convexity on both valves
in contrast to the shallow valves of the Henryhouse species. Moreover, in
S. lens the pedicle beak is moderately prominent, standing up above the
hinge-line, whereas in S. attenuata the pedicle umbo is almost flat. These
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differences are not, however, great and the Henryhouse species would
seem to be fairly closely related to the S. lens, being one of the early rep-
resentatives of the genus Schuchertella. It is interesting to compare the
Haragan species S. haraganensis with the Henryhouse and Kinderhook
species. The immature forms of this species have a thin, lateral profile
like that of S. attenuata but the larger individuals develop a more robust
shell, the convexity becoming deeper and the pedicle umbo more prominent
so that it resembles S. lens (See Discussion of S. haraganensis).

In 1953 Williams (1953B, p. 9) placed the genus Schuchertelle in a
new subfamily, the Schuchertellinae, which he referred to the family Or-
thotetidae. A year later Stehli- (1954, pp. 297-298) emended Williams’
description of the subfamily Schuchertellinae and placed it in a new fam-
ily, the Schuchertellidae. In this publication Stehli presented a phylogenetic
chart of the Orthotetacea in which he derived Schellwienella and Schuchert-
ella from the genus Fardenia. This may be true although the writer has
been informed that the genus Fardenia needs to be revised. Apparently
some of the North American species now referred to Fardenia are not con-
generic with the genotype, F. scotica.

Camarotoechia Hall and Clarke 1893

For many years it has been common practice to refer most of the
non-cuboidal Silurian rhynchonellids to Camarotoechia. The writer has as-
signed 5 Brownsport (Amsden 1949, pp. 56-59) and 4 Henryhouse (Ams-:
den 1951, pp. 85-87) species to this genus although in the 1951 paper it
was noted that these probably represented several different generic. stocks,
all of which differ from the genotype in possessing an open cruralium. It
is the writer’s present opinion that this distinction alone is sufficient to
exclude all of the Henryhouse and Brownsport species from Camarotoechia.
Some of these species such as “C.” carmelensis Amsden and “C.” altisul-
cata Amsden are believed to represent Foerste’s genus Stegerhynchus (sec
below), while others may belong to Bathyrhyncha Fuch (A. J. Boucol,
personal communication). A complete restudy of Silurian rhynchonellids,
including European and Asiatic species, is needed before any satisfactory
generic disposition can be made.

The Haragan shells herein referred to Camarotoechia have a partially
roofed-over cruralium in contrast to the divided hinge-plate of the Henry-
house and Brownsport species. None of the Henryhouse species is common
and all can be distinguished externally from the Haragan camarotoechias
without much difficulty. The Haragan shell called Camarotoechia sp. is
sorlnewha't like ““C.” filistriata in size and shape, but the Henryhouse species
1s lirate.

“CAMAROTOECHIA” HOLLANDI Amsden, new name

Camarotoechia cedarensis Amsden 1949 (pp. 58-59, pl. XII, figs. 1-9):
not Stainbrook 1942 (pp. 611-612, pl. 88, figs. 10-15, text fig. 2).
Discussion: In 1949 the writer described the species Camarotoechia

cedarensis basing the description upon specimens from the Brownsport

formation of western Tennessee. Some time later Dr. F. D. Holland, Jr.,



154 STEGERHYNCHUS

informed the writer that this name had been used by Stainbrook for an
Upper Devonian brachiopod. Accordingly Camarotoechia cedarensis Ams-
den 1949 (not Camarotoechia cedarensis Stainbrook 1942) is replaced by
C. hollandi.

This species is not properly included in the genus Camarotoechiu.
Internally it is marked by an open cruralium which rests on a low median
septum. It has a distinctive ornamentation, the costae being crossed by
conspicuous, concentric lirae. The Henryhouse species “C.” filistriata Ams-
den is externally and internally similar to “C.” hollandi and a complete
study of Silurian rhynchonellids will probably show that a new genus is
needed for shells of this type.

Stegerhynchus Foerste 1909
Text figure 39

Discussion: The genus Stege rhynchus was introduced by. Foerste
(1909, pp. 96-98) W1t‘10ut any precise generic description and without the
designation of a genotype. Some of the subspecies included by Foerste in
his diagnosis have a cardinal process and the genus has commonly been
considered to be characterized by such a structure (Cooper 1944, p. 309).
In 1929 Schuchert and Levene (p. 116) selected Rhynchonella whitii Hall
1863 (not Rhynchonella whitet Winchell 1862) as the genotype, a species
based on specimens from the Waldron shale. Recently Cooper (1955, pp.
54-55) has reviewed the nomenclatorial history of the genus, and pointed
out that Rhynchonelle whitii Hall (not Rhynchonella whitii praecursor
Foerste) was the genotype, and demonstrated that this species does not
have a cardinal process.

The writer has recently studied several specimens of S. whitii from the
Waldron shale which are presumed to be typical of Hall’s species. As
pointed out by Cooper, this shell is slightly compressed laterally and has

Ficure 39. Transverse serial section of Stegerhynchus whitii (Hall) from the
Waldron shale. Approximately x 15.
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a shallow sulcus on the brachial umbo. There is a strongly developed fold
and sulcus, and the plications are high and subangular. The Henryhouse
and Brownsport specimens of S. carmelensis (Amsden 1951, pp. 85-86,
pl. 18, figs. 14-18; = Camarotoechia acutiplicata (Amsden 1949, p. 57,
pl, 7, figs. 10-14, text fig. 27; not Hall 1859) are not quite as laterally
compressed as S. whitii, but otherwise are externally much like the Wal-
dron shells, having high, subangular plications and an incipient suleus on
the brachial umbo. Internally S. carmelensis has dental plates and an open
cruralium supported on a thick, median septum (compare text fig. 39 of
the present report to text fig. 27, Amsden 1949). S. altisulcata is also ex-
ternally much like S. whitii except for its exaggerated fold and sulcus. In-
ternally the two species are much alike although the median septum of the
Henryhouse species is not as thick as on S. whitii.

All of the Henryhouse-Brownsport rhynchonellids described by the
writer have an open cruralium and in this respect are like S. whitii. How-
ever, these species, excluding S. carmelensis and S. altisulcata, are suf-
ficiently different in external form and ornamentation to make their rela-
tionship with S. whitii questionable.

Atrypa Dalman 1827
ATRYPA TENNESSEENSIS Amsden 1949

Plate XII, figures 36, 37, plate XIV, figures 8, 9;
text figures 30, -31; table 12

Atrypa tennesseensis Amsden 1949 (pp. 62-63, pl. 9, figs. 1.9; Amsden
1951, p. 87, pl. 17, figs. 30-36; see also A. oklahomensis, part II of
this report)

Discussion: The writer’s original description of this species was
based on specimens from the Brownsport formation of western Tennessee,
and in 1951 it was identified from the Henryhouse formation. Some addi-
tional data are given in table 12 and figures 30, 31 (part II) of the present
report in order to further elaborate the degree of variation shown by the
Henryhouse representatives, and to permit a more precise comparison with
A. oklahomensis from the Haragan.

It has been the practice for a great many years to refer most of the
Silurian and early Devonian atrypas to 4. reticularis (Linnaeus), a species
probably based on specimens from the Silurian of Gotland. Even a cursory
survey of the different specimens united under this name shows that this
assemblage includes a great variety of forms, although most show some
similarity in profile, outline and ornamentation. The problem of working
with these shells has been further complicated by the fact that, until re-
cently, Linnaeus’ species has never been accurately defined in terms of the
original types. In 1949 Mrs. Alexander restudied the original syntypes, se-
lecting a lectotype, and gave a careful description including illustrations
{pp. 208-213, pl. IX, figs. 1a-d). In the same paper this author described
a number of British Silurian atrypas, electing to treat them as varieties
(?subspecies) of A. reticularis. Serious consideration has been given to
regarding both A. tennesseensis and the Haragan species A. oklahomensis
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as subspecies of A. reticularis, but the writer has decided that such a pro-
cedure would serve little useful purpose at the present time. Both 4. ten-
nessecnsis and A. oklahomensis are geographically, and probably chrono-
logically, far removed from A4. reticularis. Certainly the Haragan formation
is distinctly separated, in a time sense, from the Gotland, and it seems
probably that this is also true of the Henryhouse formation. From a
morphologic point of view, the Henryhouse and Haragan atrypas appear
to be distinetly different from A. reticularis, there being a greater re-
semblance between the two Hunton species than there is between either of
these and Linnaeus’ species. This leaves a question as to the genetic rela-
tionship of A. tennesseensis and A. oklahomensis to the Gotland A4. reticu-
laris, and until such time as there is more evidence bearing on this rela-
tionship it seems best to regard the Hunton atrypas as distinct species.

As established by Mrs. Alexander, 4. reticularis has a larger and more
transverse shell than that of 4. tennesseensis. Moreover, the costellation
of the Brownsport-Henryhouse shells is more prominent and with deeper
interspaces than that of the Gotland species.

Mrs. Alexander described 8 new varieties of A. reticularis from the
Silurian of Great Britain. It is a little difficult to get a clear concept of
these varieties, especially since many appear to exhibit considerable varia-
tion in costellation, Iength-width ratio and other shell features, but most
would seem to be quite distinct from A4. tennesseensis. The variety 4. dovid-
sont Alexander (1949, p. 213, pl. X, figs. 1a-d) is similar in size and orna-
mentation to 4. tennesséensis, but differs in having a subequally biconvex
shell. 4. reticularis lapworthi Alexander (1949, p. 214, pl. X, figs. 3a-d)
has a much larger shell with a well marked fold and sulcus. 4. reticularis
lonsdalei Alexander (1949, p. 214, pl. IX, figs. 3a-d) also has a well d--
veloped fold and sulcus. The size and shape of A. reticularis murchisoni
Alexander (1949, p. 215, pl. X, figs. 4a-d) is similar to A. tennesseensis,
but the anterior commissure is deflected. Both A. reticularis sedgwicki
Alexander and 4. reticularis sowerbyi Alexander (1949, pp. 215-216, pl.
X. figs. 5a-j; pl. IX, figs. 2a-d) have much larger shells than the Henry-
house-Brownsport species. 4. reticularis woodwardi Alexander (1949, p.
218, pl. IX, figs. 4, 5; pl. X, figs. 6a-d) is more coarsely costellate than
A. tennesseensis. Of all these varieties A. reticularis harknessi is perhaps
most like 4. tennesseensis, having a similar size, outline and profile, but the
British subspecies has slightly finer costellae and a smaller shell.

A. tennesseensis is a rather common shell in the Henryhouse, there
being well over 100 specimens in the collections recently assembled by
the writer, The length/thickness ratio shows considerable variation, but
the length/width ratio is rather constant, ranging from 0.8 to 1.1 (table
12; fig. 30). The costellae spacing is also fairly uniform, ranging from
6 to 8 in a space of 5 millimeters (fig. 31).
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Lissatrypoidea Boucot and Amsden 1958

Discussion: The genus Lissatrypoidea is represented in the Henry-
house formation by two species, L. henryhousensis (Amsden) 1951 and the
genotype, L. concentrica (Hall) 1859 emend Boucot and Amsden 1958%.
The first mentioned species is not common, but L. concentrica is one of
the most abundant brachiopods in the Henryhouse formation. This species
ranges throughout the formation and of special significance is the fact
that it can generally be found in Henryhouse beds which are almost barren
of other fossils. Its smooth shell and distinctive profile are easily recog-
nized, and since this genus is absent from the Haragan it has great strati-
graphic value, a value which is further enhanced by the fact it has no
external homoeomorphs in the Haragan.

The collections recently made by the writer include well over 100
specimens of L. concentrica and about 30 specimens of L. henryhousensis.
L. concenirica is also abundant in the Brownsport formation of western
Tennessee. The Henryhouse specimens of this species are identical in all
respects to those from the Brownsport formation.

Nucleospira Hall 1859
NUCLEOSPIRA RARITAS Amsden, new name

Nucleospira concentrica Amsden 1951 (pp. 89-90, pl. 19, figs. 17-24) ; not
Nucleospira concentrica Hall 1859, emend Boucot and Amsden (part
IV of this report).

Discussion: Hall’s description of Nucleospira concentrica was based
on specimens from the Brownsport formation of western Tennessee and in-
cluded representatives of two genera, Lissatrypoidea and Nucleospira (see
Part IV—NEw GENERA OF BracHIOPODS). A specimen representing Lissa-
trypoidea is being selected as the lectotype, thus excluding specimens with
the internal and external structure of Nucleospira Hall 1859 from Lissa-
trypoidea concentrica. The Henryhouse specimens of Nueleospira Hall 1859
(genotype Spirifer ventricosa Hall 1857) heretofore referred to Nucleo-
spira concentrica must therefore be given a new name. The writer is here
proposing to replace the name Nucleospira concentrica Amsden (1951, pp.
89-90, pl. 19, figs. 17-24; not Nucleospira concentrica Hall 1859, (p. 223,
pl. 28B, figs. 16a, d, e, f, [not fig. 19]) emend Boucot and Amsden with
the name Nucleospira raritas. The lectotype is here designated as the speci-
men illustrated by Amsden 1951, pl. 19, figs. 21, 22, 24; this specimen is
in the collections of the U. S. National Museum and bears catalog num-
ber 115357.

The Brownsport specimens of Nucleospira are conspecific with V.
raritas from the Henryhouse formation. This species is not common in
either formation.

* Lissatrypa _decaturensis Amsden 1949 is a synonym; the checkered nomenclatorial
history of this species is discussed in part IV—-NEwW GENERA OF BRACHIOPODS..
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PART IV
NEW GENERA OF BRACHIOPODS

ArRTHUR J. Boucor and THomas W. AMSDEN

The writers, working independently, have encountered several Silurian
and Devonian brachiopods which represent new genera. Since these are
based largely on Henryhouse and Brownsport species, the present paper
seems to be a suitable place in which joinily to propose these new names.
All bibliographic references herein cited are to publications listed in the
REFERENCES given at the end of this bulletin.

Subfamily Lissatrypinae Twenhofel 1914
Lissatrypoidea Boucot and Amsden, new genus

Type species: Nucleospira concenirica Hall 1859 (p. 223, pl. 28B,
figs. 16a, d, e, f [?7], not fig. 19), emend Boucot and Amsden. Synonym,
Lissatrypa decaturensis Amsden 1949 (p. 64, pl. 9, figs. 16-23).

Diagrosis: Unplicated lissatrypinids possessing medially conjunct
hinge plates that support a boss-like cardinal process. The dental sockels
are weakly crenulate.

Comparison: Lissatrypoidea may be distinguished from Lissairypa
internally by the presence of a cardinal process and medially conjunct hinge
plates in the brachial valve, features that are lacking in Lissatrypa. Ex-
ternally the two genera are homeomorphous. Atrypella Kozlowski (1929,
pp. 173-179; type species 4. prunum; see Kirk and Amsden, 1952, p. 59)
has a larger, relatively elongate, strongly sulcate form externally; internal-
ly it lacks the medially conjunct hinge plates and cardinal process (Koz-
Towski, 1929, text fig. 57) present in Lissatrypoidea.

Description: Subequally biconvex, shells with the pedicle valve ex-
hibiting a somewhat greater degree of convexity than the brachial valve.
The outline of the shell is subcircular to slightly transverse. The lateral
and anterior margins are evenly rounded. The anterior commissure may
be rectimarginate or weakly sulcate. The beak of the pedicle valve is sub-
erect. The cardinal margins are terebratulid in form. The ornamentation
consists of strongly lamellose growth lines, but the lamellae are abraded
off in many specimens so that only concentric growth lines remain. The
brachial valve may or may not bear a very shallow sulcus in the umbonal
region. The delthyrium is open and unmodified. The specimens are small
(none over one cm in length has been observed). The maximum width is
Jocated about one-third of the distance anterior from the beak.

In the pedicle interior there are stout, medially directed, plate-like
hinge teeth bordering the upper parts of the lateral walls of the delthyrial
cavities. The upper face of each tooth is weakly crenulate in well preserved
specimens, The rear of the delthyrial cavity is occupied by the pedicle
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callist, which is situated on a slightly raised pad of secondary material.
Anterior of the rear of the delthyrial cavity are the deeply impressed mus-
cle scars, which consist of a flabellate, medially emarginate diductor field
extending to about the midlength anteriorly and about one-third as wide
as the maximum width of the valve. Medially situated between the diductor
impressions is the elongate adductor track, which has subparallel sides.
The antero-median portion of the muscle field is raised up from the bot-
tom of the valve by a thick deposit of secondary material so as to leave a
deep pit anterior of the muscle field. This pit simulates the shoe-lifter
process present in some rostrospiroids but is not nearly as exaggerated.
The peripheral regions of the shells are smooth. Dental lamellae are not
present.

The cardinalia consist of medially conjunct hinge-plates fused together
with the median septum and supporting a boss-like cardinal process. The
hinge-plates are distally erect and plate-like and form the antero-medial
walls of the feebly crenulated dental sockets. The median septum is nar-
row anteriorly and thickened posteriorly, extending anteriorly to about
the midlengih. Paired elongate adductor impressions are disposed on either
side of the median septum. The spires are atrypoid in form, their apices
being directed toward the pedicle valve, and Amsden (1949, p. 64, pl. 9,
fig. 21) illustrates a jugum similar to that of Atrypa.

Distribution: The Henryhouse formation of south central Oklahoma
and the Brownsport formation of western Tennessee.

Species Assigned

Nucleospira concentrica Hall 1859, emend Boucot and Amsden, op. cit.
Lissatrypa henryhousensis Amsden, 1951 (p. 89, pl. 19, figs. 32-38).

Discussion: There is some. question .concerning the type species of
Iissatrypa. Twenhofel designated .L. atheroidea-Twenhofel (1914, p. 33,
pl. I figs. 11-15; Kirk and Amsden 1952, pl. 7, figs. 23, 30, text fig. 4)
as the type species, but in the same year Holtedah] ( 1914, p. 24) used the
name Lissalrypa, pointing out that the name had been proposed by Twen-
hofel in a “still unprinted work on the Ordovician and Silurian Faunas of
the Anticosti Island near the mouth of the St. Lawrence River in Eastern
Canada.” It was also noted by Holtedah! that L. atheroidea was the type
species, but if Twenhofel’s paper, which appeared in October of 1914,
postdates Holtedahl’s, then this species is a nomen nudem and the type
must be selected from one of the two species which Holtedahl referred to
Lissatrypa (Lissatrypa scheii Holtedahl, and Rhynchonella phoca Salter).
This taxonomic question has already been gone into at some length by
Kirk and Amsden (1952, pp. 58-59) and will not be discussed further ex-
cept to point out that Lissatrypoidea concentrica belongs to a different
genus than Lissatrypa atheroidea Twenhofel, Airypella scheii (Holtedahl),
or Airypella phoca (Salter).

Type Species of Lissatrypoidea: Hall (1859, op. cit.) described the
species Nucleospira concenirica, giving the locality and horizon as “In the
shaly limestone of the age of the Lower Helderberg group; Decatur County,
Tennessee.” Schuchert {1897) accepted this stratigraphic designation, but
Bassler (1915, p. 858) stated that this species came from the Brownsport
formation of Decatur County, Tennessee. Through the courtesy of Drs.
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Norman Newell and Donald Squires, Amsden borrowed Hall’s types from
the American Museum of Natural History. There are eight specimens in
the tray of types bearing the AM.N.H. catalog number 2196, and labeled
“Niagara Group, Meniscus bed [Brownsport formation; see Amsder 1949,
pp- 3, 6], Glades in Decatur County, Tennessee.” An examination of these
specimens by Amsden leaves no doubt that all are from the Brownsport
formation and not the overlying strata of Helderberg age. We have not
in fact observed any specimens of Lissairypoidea in strata of Helderberg
age either in North America or western Europe.

In 1949 Amsden described the Brownsport species Lissatrypa deca-
turensis and compared it to Nucleospira concentrica, the comparison being
based on Hall’s description and illustrations and not on an examination of
the type specimens. A few years later Amsden (1951) described a Henry-
house species of Nucleospira and referred it to N. concentrica on the basis
of Hall’s published information. The recent examination of the eight speci-
mens included in Hall’s original type lot clearly shows the presence of two
species belonging to different genera. One of these belongs in the genus
Nucleospira and the other in the genus Lissatrypoidea. Hall illustrated
specimens of both species on his Plate 28B. Figures 16a, d, and e illustrate
a representative of Lissatrypoidea which is conspecific with the specimens
that Amsden (1949, pp. 64-65, PL. 9, figs. 16-23) named Lissatrypa deca-
turensis. Hall’s figure 16f is a lateral view which is not cited on the plate
explanation and cannot be identified with certainty from the type speci-
mens. His figure 19 shows a specimen with spiralium which is a repre-
sentative of Nucleospira. The plate explanation refers to a figure 18, but no
figure 18 is shown on the plate. Hall did not designate a holotype, and
therefore the writers are selecting the specimen illustrated on Hall’s Plate
28B, Figures 16 d and e, as the lectotype. This selection makes Lissatrypa
decaturensis Amsden 1949 a synonym of Lissatrypoidea concentrica (Hall)
emend Boucot and Amsden, and Nucleospira concentrica Amsden 1951
(not Hall 1859) becomes a homonym and must be given a new name.
The writers make this type designation because the only exterior figured
by Hall (and thus the only species easily recognizable on the basis of his
illustration) is of Lissatrypoidea. Hall illustrated Nucleospira in this lot
only by a preparation of the spiralium. Moreover, Hall’s illustration is a
reasonably good likeness of the lectotype (other illustrations of Lissatry-
poidea concentrica are given in Amsden 1949, pl. 9, figs. 16-22; Amsden
1951, pl. 19, figs. 10-16).

Family Rhipidomellidae Schuchert 1913

The specific identification of material hitherto assigned to the genus
Rhipidomella is unusually difficult because approximately 100 species
have been included in that category by various workers. Its stratigraphic
range reportedly-spans the entire interval from the Silurian to the Permian
(Cooper, 1944, p. 355). For these rapidly evolving dalmanellaceans, such
2 long stratigraphic range should be investigated. Study of the brachiopod
collection in the U. S. National Museum provided an excellent sample of
forms that have been assigned to Rhipidomella. It was noted that the
crenulations along the internal margins of material obtained in strata from
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central and eastern North America of post-Lower Devonian (post-Onon-
daga) age differ from those of pre-Middle Devonian (pre-Hamilton) age.
These pre-Middle Devonian shells, here assigned to a new genus Rhipi-
domelloides, are similar to specimens of Rhipidomella s. s. of post-Lower
Devonian age except for the marginal crenulations which have a rounded
cross-section in the latter genus and a rectangular cross-section in Rhipi-
domelloides. Rounded crenulations are present on pre-Middle Devonian
North American Rhipidomellidae, but these brachiopods differ in various
internal and external characters from Rhipidomella s. s. and Rhipidomel-
loides, and are here assigned to other genera {Pseudodicoelosia Boucot
and Amsden, Loganella Boucot and Amsden, Strixella Boucot and Amsden,
Perditocardinia Schuchert and Cooper). In Europe Rhipidomella s. s. is
present in Silurian strata (R. hybrida (Sowerby); see discussion under
Rhipidomelloides). To the best of our knowledge, the character of the
crenulations along the internal margin of orthoids has never been given
much taxonomic importance. The large collection of rhipidomellids studied
demonstrates, in our opinion, that this attribute can be of great service in
the classification of the group.

The similarity in external and internal form of the genera under con-
sideration is strong evidence that they are closely related. Study of the
manner in which the costellae branch may lead to the finding of further
distinctions between them.

Pseudodicoelosia Boucot and Amsden, new genus
Plate XIV, fig. 18, text figure 40

Type species: Rhipidomella oklahomensis Amsden 1951 (p. 76, pl
15, figs. 30, 32-38). .

Diagnosis: Rhipidomellids possessing an emarginate anterior mar-
gin and a straight hinge-line which is considerably shorter than the maxi-
mum width. The point of maximum width is located slightly anterior of
the midlength. On the interior of the shells the crenulations of the anterior
and lateral margins of both valves are rounded in cross-section. The inter-
area of the pedicle valve is shallowly apsacline. A relatively long interarea
1s present, as is a sulcus on the brachial valve.

Comparison: Pseudodicoelosia may be distinguished from Rhipi-
domelloides by the presence of rounded crenulations on the internal mar
gins of the former and flat crenulations along the internal margins of the
latter. In addition, Pseudodicoelosia has a strongly emarginate anterior
margin and a pronounced sulcus in the brachial valve, features usually
absent from Rhipidomelloides. In Pseudodicoelosia the interarea of the
pedicle valve is inclined at a very low angle and is longer than that of
Rhipidomelloides.

Pseudodicoelosia may be discriminated from Rhipidomella on the
basis of all the above detailed criteria except that the crenulations border-
ing the anterior and lateral margins of the interior are similar in both
genera.

Both Perditocardinia and Loganella lack the strongly emarginate an-
terior margin and relatively long pedicle interarea present in Pseudod;i-
coelosia.
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Strizella has an angular brachial sulcus, non-emarginate anterior mar-
gin, as opposed to the rounded brachial sulcus, and emarginate anterior
margin of Pseudodicoclosia.

B
A

Frcure 40. Pedicle interiors of (A) Strixelle acutisulcata (Amsden) and (B)
Psendodicoelosia oklahomensis (Amsden) ; Henryhouse formation (x 4.5).

A—Adductor muscle scar
D—Diductor muscle scar
P—Pedicle callist
PS—Pallial sinus

Description: The shell is unequally biconvex, with the pedicle valve
having the greater convexity. The outline of the shell is subcircular, and
the greatest width occurs slightly anterior of the midlength. The hinge-
line is straight and about one-half the maximum width of the shell. The
anterior margin is strongly emarginate, with a well-defined sulcus on the
brachial valve and a low fold on the pedicle valve. The interarea of the
pedicle valve is shallowly apsacline and that of-the brachial valve is ortho-
cline. The anterior margin is sulcate and crenulate. The fine ornamentation
consists of costellae (which increase by bifurcation) and concentric lines
of growth. The shell substance is punctate.

In the pedicle interior stout hinge teeth lie on either side of the del-
thyrial cavity and are located at the most anterior portion of the narrow
interarea. Short dental lamellae support the hinge teeth and bound the
area of muscle attachment posterolaterally. The muscle field is relatively
small in size and consists of a parallelsided, median adductor track lat-
erally bounded by anteriorly widening diductor impressions. The muscle
field is not deeply impressed. The anterior and lateral margins of the shell
are strongly crenulated, with crenulae possessing rounded cross-sections.

The cardinalia consist of a small, prostrate, posteriorly swollen cardi-
nal process closely bordered laterally by a pair of massive, plate-like bra-
chiophores which form the inner margins of the dental sockets. The dental
sockets are relatively shallow and are floored with a deposit of secondary
material. Joining the anterior portion of the cardinal process is a rela-
tively broad, rounded median septum which continues anteriorly to ahout
the midlength. It medially separates the adductor impressions on either
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side. The adductor impressions are not deeply impressed, and their sub-
division is not apparent. The anterior and lateral margins of the shell are
strongly crenulated, with crenulae that have a rounded cross-section.

Distribution: Henryhouse formation of south central Oklahoma and
Brownsport formation of western Tennessee.

Species Assigned

Rhipidomella oklahomensis Amsden, 1951, op. cit.
Rhipidomella saffordi Foerste, 1909, Bull. Sci. Lab. Denison Univ., vol.
14, pp. 72-73, pl. 1, figs. 17A-C.

Loganella Boucot and Amsden, new genus
Text figure 41

Type Species: Rhipidomella lehuquetiana Clarke 1906 (pp. 202-203,
pl. 43, figs. 7-13).

Diagnosis: Rhipidomellids in which lateral compression of the beak
has resulted in loss of the interarea. Consequent with the loss of the inter-
area is the fusion of the cardinal process and the brachiophores into a
single structure. The massive hinge teeth are directly attached to the pos-
terior wall of the shell. The medial face of each hinge tooth is deeply in-
dented to receive the distal end of the brachiophore for purposes of articu-
lation. The dental sockets are very elongate and deeply intrenched into the
secondary material in the posterior portion of the valve.

Comparison: Loganella may be distinguished from both Rhipido-
mella and Rhipidomelloides by its fused cardinalia and the absence of an
interarea. In many respects Loganella is a homeomorph of Perditocardinia.
However, in Perditocardinia, the beak in the pedicle valve is more in-
curved and attenuate, the hinge teeth have a more anterior position, and
the outline is more rostrate. Loganella may be distinguished from Pseudo-
dicoelosia by the presence 4f a prominent interarea and unfused cardinalia
in the latter. |

Description: Biconvex shells with a broad, low sulcus present on the
pedicle valve. The outline of the shell is subeircular, and the greatest width
is near the midlength. The anterior margin is uniplicate and crenulate, The
beak of the pedicle valve is suberect. The cardinal margin is subterebratulid
in form. The fine ornamentation consists of costellae which increase by
bifurcation.

In the pedicle interior the delthyrial cavity is bordered laterally by
massive hinge teeth, the posterior ends of which join the posterior margin
of the shell. The medial face of each hinge tooth is deeply indented about
one-third of the distance from the floor of the valve by a groove which
parallels the floor of the valve. The muscle field is large, flabellate, and
deeply impressed. It consists of large, flabellate diductor impressions which
reach four-fifths of the way to the anterior margin and surround the pos-
teriorly situated adductor impressions. The adductor impressions are small
and paired, and they abut the anterior margin of the pedicle callist. A low,
narrow median septum divides the muscle field medially. The posterior of
the delthyrial cavity is occupied by a pedicle callist. Numerous myophragms
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occur, radially dlsposed, in the area of diductor attachment. The anterior
and lateral margins of the shell are crenulated by crenulae possessing a
rounded cross-section.

B. C. D.

Ficure 41. Loganella lehuqueﬁana (Clarke, 1906). A, D.—pedicle exterior and
interior (x 2), USNM 120092; B, C—brachial exterior and interior (x 2) USNM
56789. Both specimens from the Grand Gréve limestone; Grande Gréve, Quebec.

The cardinalia of the brachial valve consist of brachiophores, fused
posteriorly, which surround the erect, pillar-like cardinal process laterally
and posteriorly. The brachiophores are plate-like and form the medial
face of the deeply excavated dental sockets, whose posterior face is formed
by the posterior margin of the shell. Extendmg anteriorly from the base
of the cardinal process is a low, rounded median septum that extends al-
most to the midlength. On either side of the median septum are the paired
impressions of the four adductors. The adductor impressions are divided
medially by the median septum and transversely by a pair of myophragms
which diverge antero-laterally from the median septum. The anterior and
lateral margins of the shell are crenulated by crenulae which have a
rounded cross-section.

Distribution: Grand Gréve limestone (Lower Devonian), Grand
Greve, Gaspé, Quebec.

Lectotype: USNM 56789. The specimen illustrated by Clarke (1906,
Pl. 43. fig. 7) is here selected as the lectotype.

Species Assigned
Rhipidomella lehuquetiana Clarke, 1906, op. cit.

Rhipidomelloides Boucot and Amsden, new genus
Plate XII, figs. 5-9, Plate X1V, figs. 10-11, text figures 9, 42.

Type Species: Rhipidomella henryhousensis Amsden 1951 (pp. 74-
75, pl. 15, figs. 14-21).

Diagnosis: Rhipidomelloides is characterized by the nature of the
crenulations along its internal margins. These crenulations have a low,
rectangular cross-section and may bear grooves on their internal face.

Comparison: Rhipidomelloides is similar in all regards to Rhipi-
domella, with the exception that the latter genus possesses along its in-
ternal margins crenulations that have a rounded cross-section and do not
bear grooves on the internal face. Loganella, Strixzella, Perditocardinio, and
Pseudodicoelosia also possess crenulations along the internal periphery,
with rounded cross-sections.
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Discussion: Within the species assigned to Rhipidomelloides there
are many forms that might be assigried subgeneric rank. Such attributes
as convexity of the valves, type of sulcation if any, relative breadth of thz
interarea, and pattern of the costellae might be employed in setting up
such subgeneric groupings. However, for the purposes of this study, owing
to the limitations imposed by time and the available collections, such a
course was not undertaken.

Polished sections of the crenulations along the internal margins of
Rhipidomella and Rhipidomelloides give a much better understanding of
the differences between these two (text figs. 42). The crenulations of
Rhipidomella are actually ridges inserted between the plications, and thesc
ridges are covered posteriorly by a layer of secondary material. Such crenu-
lations are altogether absent in Rhipidomelloides, where the interlocking
of the valves is effected by the crenulations formed from the plicated rims
of the shells rather than by interlocking crenulations especially laid down
by the mantle.

The examination of polished sections of rhipidomellids (RhAipidomella
hybrida text fig. 42) from the Wenlock limestone (USNM 99965) demon-
strates that they belong to true Rhipidomella, as here defined to include
only those forms with rounded crenulations that serve for locking the mar-
gins of the valves together. From a stratigraphic point of view, therefore,
we are faced with the fact that Rhipidomella occurs in the Middle Silurian
of Europe but makes its North American debut with the opening of the
Middle Devonian (Hamilton time).

Until the species of both Rhipidomella and Rhipidomelloides have
been subjected to monographic treatment it would be premature to sug-
gest whether the North American forms of Rhipidomella were derived from
previously existing local species of Rhipidomelloides or from a foreign
stock.

The North American Silurian material previously assigned by various
authors to Rhipidomella hybrida does not possess rounded crenulations
(text fig. 42) and must therefore be reassigned specifically as well as
generically.

Description: These shells are unequally to subequally biconvex. with
the brachial valve of some species having a greater degree of convexity
than the pedicle valve. The outline is usually subcircular to transversely
clliptical. The hinge-line is shorter than the greatest width, which is usually
located near the midlength. The pedicle valve may bear a broad, low
sulcus, but the brachial valve does not have a corresponding fold. The an-
terior margin is uniplicate and crenulate in most shells. The notothyrium is.
filled by the cardinal process, which projects down into the delthyrial cav-
ity, the latter being unmodified. The fine ornamentation consists of costel-
lae which increase by bifurcation. The shell is punctate. The interarea of
the pedicle valve is concave and gently apsacline, whereas that of the bra-
chial valve is normally orthocline. The interarea of the pedicle valve is at
least several times longer than that of the brachial valve. The lateral and
anterior margins are normally rounded.

In the pedicle interior stout hinge teeth border the delthyrial cavity
and are supported by short dental lamellae. The hinge teeth occur at the
frontal margin of the restricted interarea. Beginning at the base of the
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dental lamellae is a low ridge of secondary material that runs anterolaterally
before turning anteriorly toward the median line to encircle almost entirely
the deeply impressed muscle field. The muscle field is subcircular to trans-
versely elliptical in outline and may extend nearly io the anterior margin
or be restricted lo the posterior half of the valve. The muscle field is di-
vided medially by a narrow, low septum and consists of flabellate diductor
impressions surrounding a posteriorly located pair of small, elongate ad-
ductor impressions. A number of low myophragms radiate from the del-
thyrial region and serve to divide the diductor field into a variable number
of radial sectors. Posterior of the adductor impresions is a pedicle callist
which occupies the posterior wall of the delthyrial cavity. The anterior and
lateral margins of the shell are crenulated by relatively flat crenulations
whose faces are often grooved. The remainder of the interior is relatively
smooth owing to a deposit of secondary material. |

The cardinalia consist of a relatively large, erect cardinal process,
whose posterior face is often trifid, and blade-like brachiophores that flank
the cardinal process laterally, unite with it posteriorly, and diverge antero-
laterally. The brachiophores are supported by brachiophore plates, which
form the anterior face of the dental sockets. Joining the base of the cardi-
nal process is a low, relatively broad, median septum which is restricted to
the posterior half of the valve. The muscle field consists of paired adduc-
tor impressions which are transversely divided by a low ridge that is nor-
mal to the median septum. The anterior pair of muscle impressions is in-
distinct in many shells. The anterior and lateral margins of the shell are
crenulated by flat crenulations whose faces may be grooved.

Distribution: Late Lower Silurian.to late Lower Devonian of central
and eastern North America.

Species Assigned

Orthis alsus Hall, 1863, 16th Rep. N. Y. St. Cab. Nat. Hist., p. 33.

Rhipidomella musculosa var. arctisinuata Schuchert, 1913, Md. Geol. Surv.,
L. Dev., p. 306, pl. 55, figs. 21-22. Primary types studied.

Orthis assimilis Hall, 1859, Pal. N. Y-, vol. 3, p. 175, pl. 15, fig. 1.

Mendacella cliftonensis Amsden, 1949; Peabody Mus. Nat. Hist., Mem. 5,
p. 43, pl. I, figs. 7-11.

Rhipidomella ellsworthi Tansey, 1922, Mo. Bur. Geol. and Mines, 2nd ser.,
vol. 17, p. 185.

Orthis oblata emarginata Hall, 1859, Pal. N. Y., vol. 3, p. 164, pl. 10A,
figs. 4-6.

Orthis eryna Hall, 1863, 11th Rep. N. Y. St. Cab. Nat. Hist., p. 35.

Rhipidomella henryhousensis Amsden, 1951, Jour. Paleo., vol. 25, no. 1,
p. T4, pl. 15, figs. 14-21. Primary types studied.

Orthis musculosa Hall, 1857, N. Y. State Cab. Nat. Hist. Ann. Rpt., 10,
p. 46.

Rhipidomella musculosa var. solaris Clarke, 1907, Bull. N. Y. St. Mus. no.
107, p. 284, pl. 21, figs. 1, 3 (not fig. 2). Primary types studied.
Rhipidomella newsomensis Foerste, 1909, Sci. Lab. Denison Univ., Bull.

14, p. 73, pl. LV, figs. 72A-B. Primary types studied.
Orthis oblata Hall, 1857, 10th Rep. N. Y. St. Cab. Nat. Hist., p. 41, figs.
1-5.
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Rhipidomella subtriangularts Amsden, 1951, Jour. Paleo., vol. 25, no. 1,
p. 75, pl. 15, figs. 8-13. Primary types studied.

Species Provisionally Assigned owing to Lack of Material

Orthis hartii Rathbun, 1879, Proc. Boston Soc. Nat. Hist., vol. 20, p. 23.

Rhipidomella hybridoides Clarke, 1907, Bull. N. Y. St. Mus., 107, p. 282.

Rhipidomella lenticularis Foerste, 1903, Denison Univ. Sci. Lab. Bull,
vol. 14, p. 72, pl. 2, figs. 28A-B.

Orthis livia Billings, 1860, Can. Jour., n. ser., vol. 5, p. 267, figs. 14-16.

Rhipidomella preoblata Weller, 1903, Geol. Surv. N. J. Pal., vol. 3, p. 232,
pl. 20, figs. 25-26.

Orthis subcircula Simpson, 1889, Trans. Amer. Phil. Soc., n. ser., vol. 16,
p- 437, fig. 2.

Species Unassigned owing to Lack of Material

Orthis circulus Barrande, 1879, Syst. Sil. de Boheme, vol. 5, p. 94, pl. 126.

Orthis circulus Hall, 1843, Geol. N. Y. Rep. 4th Dist., p. 71, fig. L.

Orthis cleobis Hall, 1863, 16th Rep. N. Y. St. Cab. Nat. Hist., p. 35.

Orthis cumberlandiae Hall, 1859, Pal. N. Y., vol. 3, p. 481, pl. 95A., figs.
20-21.

Orthis discus Hall, 1859, Pal. N. Y., vol. 3, p. 165, pl. 10A, figs. 7-12.

Rhipidomella kutsingensis Grabau, 1931, Pal. Sinica, B, 3, vol. 3, p. 49.

Rhipidomella logani Clarke, 1907, Bull. N. Y. St. Mus., 107, p. 280.

Rhipidomella magnicardinalis Foerste, 1909, Jour. Cincinnati Soc. Nat.
Hist., vol. 21, p. 27.

Rhipidomella marylandica Schuchert, 1913, Md. Geol. Surv., L. Dev., p.
306, pl. 55, fig. 23.

Rhipidomella melvillei Tansey, 1922, Mo. Bur. Geol. and Mines, vol. 2,
no. 17, p. 185.

Rhipidomella numus Clarke, 1907, Bull. N. Y. St. Mus., vol. 107, p. 283.

Orthis peloris Hall, 1863, 16th Rep. N. Y. St. Cab. Nat. Hist., p. 32.

Orthis vanuxemi pulchella Herrick, 1888, Bull. Denison Univ. Seci. Lab.,
vol. 3, p. 38, pl. 5, fig. 9.

Orthis semele Hall, 1863, 16th Rep. N. Y. St. Cab. Nat. Hist., p. 34

Orthis solitaria Hall, 1860, 13th Rep. N. Y. St. Cab. Nat. Hist., p. 80.

Rhipidomella tenuilineata Savage, 1913, Bull. Geol. Surv. I11., vol. 23,
p. 771.

Ficure 42. 1—Rkipidomella hybrida {Sowerby). Section norma] to anterior mar-
gin showing crenulations (x 11) ; Wenlock limestone, Dudley, England (USNM
G9965: Acc. 153400). 2—Rhipidomella venuxemi (Hall). Section normal to an-
terior margin showing cylindrical crenulations (x 27) ; Wanakah formation
(Pleurodictywm beds), quarry 0.2 mi. NE of Athol Springs, Lake Erie, N. Y.
(USNM Ace. 177953; USNM No. 125832-C) . 3—Rhipidomelloides sp. Section nor-
mal to anterior margin showing flat crenulations (x 27); Brownsport formation,
04 mi. N. of Tenn. 114, ¥ mi. N. 26 E. of Channel cemetery, Bath Springs
Quadrangle, Tenn. (USNM Acc. 174688; USNM No. 125734-B). 4—Rhipidomel-
loides sp. Flat, grooved crenulations along internal periphery of brachial valve
(x 11); Brownsport formation, same locality as 3 (USNM 125834-B). 5—Rhipi-
domella vanuxemi {(Hall). Cylindrical crenulations along the internal periphery
of pegiél)e valve (x 11); Wanakah formation, same locality as 2 (USNM
125832-C) .
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Strixella Boucot and Amsden, new genus
Plate X1V, figures 19-23; text figure 40.

Type species: Rhipidomella acutisulcata Amsden 1951 (pp. 75-76,
pl. 15, figs. 22.29).

Name: The generic name is from the Latin, strix, a furrow or chan-
nel, referring to the angular brachial sulcus.

Diagnosis: Rhipidomellids bearing an angular sulcus on the brachial
valve externally coupled with rounded peripheral crenulations, usually nar-
row, laterally diverging elongate diductor impressions in the pedicle valve,
together with well defined pallial sinuses that extend almost to the anterior
margin internally.

Comparison: Strixella differs externally from all other rhipidomel-
lids in possessing an angular sulcus on the brachial valve. Internally the
peripheral crenulations ally Strixella to Rhipidomella, Loganella, Perdito-
cardinia, and Pseudodicoelosia, but the form of the muscle field and pallial
sinuses in the pedicle valve of these latter genera differs from that in
Strixella by being relatively flabellate in form in the case of the diductors
and poorly defined in the case of the pallial sinuses.

Description: The shells are subcircular to slightly elongate laterally
in outline, and they are subequally biconvex. The interarea of the pedicle
valve is gently apsacline and about twice as long as that of the orthocline
brachial valve. The hinge line is short, being equal to about one-third the
maximum width. The maximum width is situated near or slightly anterior
of the midlength. The lateral and posterior margins are gently rounded,
whereas the anterior margin is relatively straight and uniplicate. The del-
thyrium is unmodified and includes an angle of about 80 degrees. The shell
is punctate. The fine ornamentation consists of radial costellae which in-
crease by bifurcation and are crossed by concentric growth lines.

In the pedicle interior the hinge teeth are stubby and are basally sup-
ported by short, dental lamellae which extend anteriorly to bound the mus-
cle field posteriorly. The dental lamellae diverge at an angle of about 40
degrees from the midline. The periphery is bordered by rounded crenula-
tions, similar to those of Rhipidomella for the most part but in some cases
bearing median grooves. The muscle field is relatively elongate and con-
sists of a pedicle callist in the posterior portion of the delthyrial cavity
anterior of which are a pair of narrow, elongate diductor impressions
which extend anteriorly to about the midlength and posteriorly enclose the
subcircular, small adductor impressions. The antero-median face of each
diductor gives off a narrow pallial sinus which extends almost to the an-
terior margin, where it has short bifurcations. The pallial sinuses include
an angle of about 30 degrees.

The cardinalia consist of a narrow cardinal process flanked laterally
by the stubby brachiophores. The brachiophores include an angle of about
90 degrees and medially bound the dental sockets. The muscle field is
weakly impressed and consists of two pairs of subequal, subcircular ad-
ductor impressions, disposed on either side of a broad, low median septum,
and extending anteriorly to about the midlength.

Distribution: Henryhouse formation of south central Oklahoma.

Species Assigned
Rhipidomella acutisulcata Amsden 1951, op. cit.
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Prates I-XIV

The specimens illustrated on the following plates are in the collec-
tions of the University of Oklahoma with the exception of a few shown on
plates XI, XIIT and XIV, the repositories of these being given at the ap-
propriate place on the plate explanation. All specimens are from the Hara-
gan formation unless otherwise indicated. The locality and stratigraphic
position for the collection numbers indicated on- the plate explanations
are given in the INTRODUCTION of PART II. None of the figures have been
retouched.
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PLATE I

Ficures 1-11. Levenea subcarinata pumilis Amsden, n. subsp. 1. brachial interior,
ex 2, Coll. M1-K (OU-909} ; 2. brachial view, x 1, Coll. M-4 (QU-910); 3. ped-
icle view of a large specimen, x 1, Coll. M1-G (OU-911); 4. pedicle interior,
x 2, Coll. M2-J (0OU-919); 5-9. pedicle, brachial, posterior, anterior and lateral
views of the holotype, x 1, Coll. M-4 (OU-913) ; 10. brachial view, x 1, Coll. M-4
(0U-914) ; 11. pedicle view of a small specimen, x 1, Coll. C1-N (0U-915).

Ficures 12-21. Dicoelosia varica (Conrad). 12. brachial interior, x 3, Coll. P10-L
(0U-916) ; 13, 14. pedicle and brachial views of the same specimen, x 3, Coll.
C1-M (0U-919); 15, 17-21. pedicle (x 1), posterior, anterior, pedicle, brachial
and lateral views, x 3, Coll. C1-K (QU-918) ; 16. pedicle interior, x 3, Coll. P10-L
(0U-917).

See Plate XII-D for a comparison of this species with D. oklahomensis from the
Henryhouse formation.

Ficures 22-32. Orthostrophia strophomenoides parva Amsden, n. subsp. 22, 23, 27,
29. pedicle, brachial, lateral and posterior views of a slender shell, x 1, Coll. M 4
(0U-904) ; 24, 25, 26, 28. pedicle, brachial, lateral and anterior views of the
holotype, x 1, Coll. M4 (0U-905); 30. brachial interior, x 2, Coll. C1.K (OU-
908) ; 31. brachial interior, x 3, Coll. M4 (0U-907); 32. pedicle interior, x 2,
[a labelled drawing of this specimen is shown in text fig. 4], Coll. C1-K (OQU-
906).
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PLATE 1I

Ficures 1-16. Rhipidomelloides oblata (Hall). 1. pedicle interior, x 1, Coll. P13
[Bois d’Arc formation—Cravatt member?] (QU-949); 2. pedicle view, x 1, Coll.
M2-M (QU-957) ; 3. pedicle interior, x 1, Coll. C1-H to L (0U-954) ; 4. pedicle
interior, x 1, Coll. C1-N (0QU-953) ; 5. brachial interior, x 1, Coll. P13 [Bois d’Arc
formation—Cravatt member?] (0QU-951); 6, 7, 15, 16. posterior, lateral, pedicle
and brachial views, x 1, Coll. M4 (QU-956); 8. brachial view, x 1, Coll. M4
(OU-950) ; 9, 11. anterior and pedicle views, x 1, Coll. M4 (0U-955) ; 10. ped-
icle view of a somewhat triangular shell, a variety commonly identified as R.
emarginata (Hall), x 1, Coll. M4 (0OU-948) ; 12.14. brachial, anterior and pos-
terior views of a shell with a brachial sulcus, a variety commonly identified as

R. ellsworthi Tansey, x 1, Coll. P2-A (0U-952).

See Plate XII for a comparison of this species with R. henryhousensis Amsden
from the Henryhouse formation.

Ficure 17. Gypidula multicostata? Dunbar. 17. brachial view, x 1 [collected by
R. D. Alexander from the Haragan near old Hunton townsite; approximately
equal to Coll. C1-H to O of this report] (OU-1001).

Ficures 18-28. Anastrophia grossa Amsden, n. sp. 18-20, 23. lateral, pedicle, posterior
and anterior views, x 1, Coll. C1-O (0U-946) ; 21, 22. anterior and pedicle views
of a small shell, x 1, Coll. M2-L to N (QU-945) ; 24. posterior portion of brachial
interior showing crural alae, x 3, Coll. M4 (0U-944); 25, 27, 28. lateral, bra-
chial and pedicle views of the holotype, x 1, Coll. C1-H to O (0U-943) ; 26. bra-
chial interior showing deeply impressed muscle scars, x 2, Coll. M1-L, (OU-947).
See plate XII for a comparison of this species with 4. delicata Amsden from the
Henryhouse formation.
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PLATE III

Ficures 1-9. Leptaena acuticuspidata Amsden, n. sp. 1. brachial interior, x 2, Coll.
Cl-J (0U-1062) ; 2. pedicle interior, x 2, Coll. C1-J (OU-1060) ; 3. pedicle view,

x 1, [Collecied by R. D. Alexander, Haragan formation near old Hunton town-
site; approximately equal to Coll. C1-H to O of this report] (QU-1059); 4. ped-
icle view, x 1, Coll. M4 (QU-1056) ; 5. pedicle view, x 1, Coll. M2-M (0U-1055) ;
6. pedicle view, x 1, Coll, C1-H to L (OQU-1058) ; 7, 8. lateral and brachial views
of the holotype, x 1, Coll. C14H to L (OU-1057) ; 9. brachial view, x 1, Coll. Cl-
H (0U-1061).

See plate XII-D for a ecomparison of this species with L. oklahomensis from the
Henryhouse formation,

Ficures 10-14. Leptaena cf. L. rhomboidalis (Wilckens). 10. pedicle view, x 1, Coll.
P10-T [Bois d-Arc formation—Fittstown member] (0QU-961); 11. pedicle view,
x1, Coll. P13 [Bois d’Arc formation—Cravatt member?] (0T-959); 12. pedicle
view of a somewhat alate shell, x 1, Coll. P3-EE [Bois d’Arc formation—Fittstown
member] (QU-960) ; 13. brachial interior, x I, Coll. P13 [Bois d’Arc formation—
Cravatt member?] (OU-963) ; 14. pedicle interior, x 1, same locality and horizon
as preceding, (0OU-962).

Ficures 15-18. Leptostrophia beckii tennesseensis Dunbar. Non-wrinkled to faintly
wrinkled variety. 15. pedicle view, x 1, Coll. P1.U (OU-1017) ; 16. brachial view,
x 2, Coll. C1-H to L. (0U-1021) ; 17. pedicle view, x 1, Coll. P3-EE. [Bois d’Arc
formation—Fittstown mmeber] (QU-1019) ; 18. pedicle interior, x 3, Coll. C1.-H
to L (OU-1023).

Ficures 19-20. Leptostrophia beckii tennesseensis Dunbar. Wrinkled variety. 19.
pedicle interior, x 2, Coll. C1-K (0U-1022); 20. pedicle view, x 1, Coll. P9.L
[Bois d’Arxc formation—Cravatt member] (QU-1018).

A topotype of L. beckii tennesseensis from Tennessee is illustrated on Plate XI;
see also Plate VI, figure 1. '
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PLATE IV

Ficures 1-5. Stropheodonta (Brachyprion) arata Hall. 1, 2. pedicle and lateral views,
x1, Coll. C1-K (0U-933); 3. brachial view, x 1, Coll. C1.K (0OU-931); 4. bra-
chial interior of a somewhat abraded specimen, x 3, Coll. M2-M (OQU-932) ; 5. en-
larged view (x 3) of the surface showing the two ranks of costellae; this is the
specimen shown in figures 1, 2.

See also Plate V, figure 16.

Ficures 6-14. Stropheodonta (Brachyprion) gibbera Amsden, n. sp. 6. pedicle in-
terior, x 2, Coll. C1-K (OU-927); 7. lateral view, x 1, Coll. M1-K (OU-926) ;
8. posterior portion of the brachial interior, x 3, Coll. C1-K (0U-924) ; 9. pedicle
view, x 1, Coll. C1.K (OU-925) ; 10-12. posterior, pedicle and brachial views of
the holotype, x 1, Coll. C1-H to L (0U-930) ; 13. pedicle view, x 1, CI.K (OU-
928) ; 14. surface enlargement, x 3, Coll. C1-K (OU-929}.

Ficures 15-21. Strophonella (Strophonella) bransoni Amsden, n. sp. 15. pedicle
view, x 1, Coll. C1-K (OU-941); 16, 17. brachial and pedicle views of the holo-
type, x 1, Coll. C1-H to L (OU-942) ; 18. surface enlargement of the holotype
showing costellae, x 3; 19. posterior portion of a brachial interior, x 3, Coll. C1-
K (QU-939) ; 20. pedicle interior of a large specimen, x 1, Coll. P13 [Bois d-Arc
formation—Cravatt member?] (OU-940); 21. brachial interior of a large speci-
men, x 1, same locality and horizon as 20 (OU-940).
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PLATE V

Ficures 1-2. Schuchertells haraganensis Amsden, n. sp. 1. brachial interior, x 1,
Coll. P10-L (0U-937) ; 2. enlarged view of cardinalia, x 3; same as fig. 1 (other
illustrations on Plates X, XI and XIII).

Ficures 3-9. Schellwienelle marcidule Amsden, n. sp. 3. oblique view of pedicle in-
terior showing dental lamellae, x 1, Coll. P13 [Bois d’Arc formation—Cravatt
member?] (0U-999) ; 4. pedicle view, x 1, Coll. P2-B [Bois d’Arc formation—
Cravatt member] (QU-997); 5. pedicle interior viewed from directly above so
dental plates are largely hidden, x 1, Coll. same as fig. 3 (0OU-996) ; 6. brachial
view of holotype, x 1, Coll. same as fig. 4 (OU-994) [interior view, pl. XIII, fig.
5]; 7. enlarged surface view, x 3, Coll. same as fig. 3 (0OU-998) ; 8. pedicle view,
x 1, Coll. same as fig. 3 (OU-995); 9, brachial view, x 1, Coll. same as fig. 3
(0U-1000)} .

Ficures 10-24. Leptaenisca concava (Hall). 10. brachial view of a very small speci-
men; faint costellae are present, x 3, Coll. M4 (0U-1029) ; 11. brachial view of
an immature, attached shell; note costellae, x 3, Coll. M2-L, -M (0U-1034) ;
12. pedicle interior of an immature shell, x 3, Coll. M2-K (0U-1026) ; 13. pedicle
interior, x 1, Coll. M 4 (OU-1036) ; 14. Meristelle atoka with several immature
specimens attached, x 3, M2-L (QU-1028) ; 15. pedicle interior, x 1, Coll. P2-B
[Bois d’Arc formation—Cravatt member] (OU-1025) ; 16. Stropheodonta (Brachy-
prion) arate with two pedicle valves attached, x 2, Coll. M2-J (OU-1035); 17.
immature brachial valves; note costellation, x 3, Coll. CI-H to L (0U-1024) ;
18. pedicle view, x 1, Coll. M4 (OU-1033); 19. pedicle view showing scar of
attachment, x 2, Coll. M4 (OU-1031) ; 20, 21. brachial and lateral views, x 1,
Coll. M4 (OU-1027) ; 22, 24. two views of brachial interior showing spiral im-
pression and cardinalia, x 3, Coll. M4 (QU-1032) ; 23. enlarged surface view, x 3,
Coll. M4 (0OU-1030).

The specimens shown in figures 10-12, 14, 16, 17 have commonly ‘been identified
as Liljevallia adnascens (Hall and Clarke).
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PLATE VI

Ficure 1. Leptostrophia beckii tennesseensis Dunbar. 1. pedicle interior, x 1, Coll.
P2-B [Bois d’Ar¢ formation—Cravatt member] (OU-1020).

Other illustrations on Plates III, XI.
Ficure 2. Chonetes? sp. 2. Pedicle view, x 1, Coll. C1-K (OU-958).

Ficures 3-14. Sphaerirhynchia glomerosa Amsden, n. sp. 3. brachial interior ques-
tionably referred to this species; may be S. lindenensis, x 3, Coll. C1-H to O
[collected by R. D. Alexander] (QU-979); 4, 9, 10. anterior {(x 2), lateral and
pedicle (x 1) views of the holotype, Coll. C1-M (0U-985); 5, 12. brachial and
anterior views, x 1, Coll. C1-M (0OU-983); 6-8. anterior, lateral and posterior
views, x 1, Coll. C1.-H to L (OU-982); 1l. brachial view, x I, CI-H to L (0U-
984) ; 13. lateral view, x 1, Coll. C1-M (0U-981) ; 14. pedicle view of a silicified
steinkern, x 2, Coll. C1-H to O [collected by R. D. Alexander] (OU-980).

Ficures 15-22. Obturamentella wedei (Dunbar). 15. pedicle interior, x 3, Coll. P1l.
A [Bois d’Arc formation—Cravatt member] (0U-1014) ; 16. pedicle view, x 1,
Coll. P3-CC [Bois d’Arc formation—Fittstown member] (0U-1015); 17. pedicle
view, x 2, Coll. P8-G (0U-1016) ; 18. pedicle view, x 1, Coll. P3-CC [Bois d’Arc
formation—Cravatt member] (OU-1013) ; 19. pedicle view, x 2, Coll. M3-E [Bois
d’Arc formation—Fittstown member] (QU-1012); 20-22. pedicle, brachial and
lateral views of a Haragan specimen, x 2, Coll. C1-M to O (OU-1011).

Ficures 23-28, Sphaerirhynchia lindgnensis (Dunbar). 23. brachial view, x 1, Coll
M4 (0U-1003) ; 24-28. brachial, pedicle, lateral, anterior and posterior views,
x 1, Coll. P9-K (OU-1002).

For other views of this species see Plates XI and XIIL

Frcures 29-36. Camarotoechia? haraganensis Amsden, n. sp. 29, 33, 34, 36. pos-
terior, brachial, pedicle and anterior views of the holotype, x 3, Coll. M2-M (0U-
976) ; 30, 35. brachial (x 1), and lateral (x 3) views, Coll. M2.L (0U977);
31, 32. lateral and pedicle views, x 3, Coll. M2-M (0OU-978).
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Ficures 1-4. Lissostrophia (Lissostrophia) Ilindenensis (Dunbar). 1. pedicle view,
x 2, Coll. C1-M (OU-965); 2. brachial view, x 1, Coll. C1-M (0U-966) ; 3, 4.
pedicle and lateral views, x 2, Coll. C1-0 (0U-964).

Ficures 5-8. Camarotoechia? sp. 5-8. brachial (x 2), brachial (x 1), anterior (x
2), and pedicle (x 2) views, Coll. C1I-M (QU-1038).

See plate XIV for other views.

Ficures 9-18. Atrypina hami Amsden, n. sp. 9, 10, 14, 15, 17, anterior, posterior,
brachial, pedicle and lateral views of the holotype, x 3, Coll. M1-J (OU-971);
11, 12. brachial and anterior views, x 1, Coll. C1-H to L (OU-967) ; 13. brachial
view, x 3, Coll. M1-K (0OU-969) ; 16. pedicle view, x 2, Coll. M2-K (0QU-970) ;
18. brachial interior, x 2, Coll. P13? [Collected by R. D. Alexander; probably
Bois d’Arc formation—Cravatt member, T. W. Amsden locality P13] (QU-968).

Ficures 19-28. Cyrtina dalmani nana Amsden, n. subsp. 19, 21, 22, 24, pedicle (x
3), posterior (x 3), brachial (x 1), and brachial (x 3) views, Coll. M2-M (QU-
973); 20, 23, 26, 27. lateral, anterior, brachial and pedicle views of the holotype,
x 3, Coll. M2-M (0QU-972) ; 25. posterior view showing “deltidium” and internal
septum, x 3, Coll. M2-M (QU-974) ; 28. brachial interior, x 3, Coll. P13? [col-
lected by R. D. Alexander; probably from the Bois d’Arc formation—Cravatt
member, T. W. Amsden locality P13] (OU-975).

Ficures 29-36. Coelospira virginia Amsden, n. sp. 29, 30, 34. brachial, pedicle and
anterior views of the holotype, x 3, Coll. M1-J (0QU-936) ; 31, 35. pedicle (x 1),
and anterior (x 3) views, Coll. M2-M (0OU-935); 32, 33, 36. posterior, brachial
and lateral views, x 3, Coll. M1-J (OU-934).

See Plate XII-G for a comparison with the Henryhouse species, C. saffordi.
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PLATE VIII

Ficures 1-13. Kozlowskiella (Megakozlowskiella) velata Amsden, n. sp. 1. posterior
view of a pedicle valve showing palintrope and “deltidium”, x 3, [collected by
R. D. Alexander, Haragan formation near old Hunton townsite; T. W. Amsden
locality CL-H to 01 (OU-1052) ; 2. enlarged surface view, x 3, Coll. M1-K (OU:-
1049) ; 3. posterior view of a pedicle valve showing palintrope and “deltidium”,
x 3, same collection as fig. 1 (OU-1053) ; 4, 10, 11. brachial, anterior and lateral
views of the holotype, x 1, Coll. M2-M (QU-1045) ; 5. pedicle view, x 1, Coll.
M2-M (QU-1046) ; 6. pedicle interior, x 2, Coll. MI1-H (QU-1047); 7. brachial
view, x 2, Coll. M1-J (OU-1048) ; 8. pedicle view, x 1, Coll. M2-M (0U-1050) ;
9. posterior view, x 1, M2-J (QU-1051) ; 12. pedicle interior, x 1, Coll. P9-K
(OU-1054) ; 13. brachial interior, x 1, Coll. P9-K (0U-1054).

See Plate XII-F for a comparison with the Henryhouse species, Delthyris koz-
lowslki.

Ficures 14-26. Howellella cycloptere (Hall). 14, 15, 17, 21. posterior, brachial, ped-
icle, and anterior views, x 1, Coll. P2.A (OU-1094); 16, 18, 24, anterior, bra-
chial and lateral views, x 1, Coll. C1-M (0QU-1096) ; 19, 22. pedicle view (x 1)
and enlarged surface view (x 3), Coll. P9-P [Bois d’Arc formation—Cravatt
member?1 (0U-1091) ; 20. pedicle interior, x 1, Coll. P11-A [Bois d’Arc forma-
tion—Fittstown member] (OU-1090); 23. pedicle delthyrium, x 3, P11-A [Bois
d’Arc formation—Cravatt member] (OU-1093); 25. pedicle interior, x 2, Coll
P11-A [Bois d’Arc formation—Fittstown member] (OU-1092); 26. brachial in-
terior, x 1, Coll. P2-A (0OU-1095).

Trcures 27-31. Trematospire cf. T. hippolyte (Billings). 27-3L brachial, lateral,
pedicle, anterior and posterior views, x 1 [collected by R. D. Alexander, Haragan
formation, near old Hunton townsite; T. W. Amsden locality C1-H to 01 (OU-
1065) .

Ficure 32. Trematospira sp. 32. pedicle view, x 2, same collection as figs. 27-31
(0U-1064).
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PLATE IX

Ficures 1-13. Rhynchospirine maxwelli Amsden, n. sp. 1, 6, 8. brachial, pedicle
and anterior views of the holotype, x 2, Coll. C1-M (OU-1039) ; 2, 4, 5. pedicle,
posterior, and brachial views, x 2, M2-H (0U-1044) ; 3. pedicle view, x 1, Coll
Cl-M to O (OU-1040) ; 7, 9. brachial and anterior views, x 2, Coll. M2-H (QU-
1043) ; 10. brachial view, x 1, Coll. C1-K (OU-1041) ; 11, 12, 13. brachial cardi-
nalia; three different views of the same specimen, x 3, Coll. M2-L. (QU-1042).

Ficures 14-23. Nucleospira ventricosa (Hall). 14, 15, 16, 20. lateral, pedicle, bra-

chial, and anterior views, x 2, Coll. C1-H (OU-1066) ; 17, 18, 22, 23. brachial

(x 1), pedicle, posterior, and lateral (x 2) views [collected by R. D. Alexander,

Haragan formation near old Hunton townsite; T. W. Amsden locality CI-H to O}
(0U-1067) ; 19, 21. posterior and brachial views, x 3, Coll. M4 (QU-1068).

Ficures 24-35. Atrypa oklahomensis Amsden, n. sp. 24. anterior view, x 1, Coll.
M2.L (OU-990) ; 25, 33. anterior and brachial views, x 1, Coll. M2-L, (QU-989) :
26. 29. anterior and pedicle views, x 1, Coll. P13 [Bois d’Arc formation—Cravatt
member?] (OU-993) ; 27. brachial view of the holotype, x 1, Coll. P2-A (QU-992}
I[see Plate XII-H for other views of the holotypel; 28, 30, 32. pedicle, posterior,
and anterior views, x 1, Coll. M2-M (0U-991) ; 31. posterior view, x 1, Coll. M4
(0U-987) ; 34. pedicle view, x 1, Coll. M4 (0U-988) ; 35. anterior view, x 1,
Coll. M1-M to O (0Q1-986).

See Plate XII-H for a comparison with the Henryhouse species, 4. tennesseensis.
Ficures 36-40. Eatonia exserta Amsden, n. sp. 36-40, brachial, anterior, lateral, pos-

terior and pedicle views of the holotype, x 1, Coll. P3.Y [Bois d’Arc formation—
Cravatt member] (OU-1063).
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PLATE X

Ficures 1-15. Meristella atoka Girty. 1, 12. brachial and anterior views, x 1, Coll.
C1-I (QU-1078); 2, 8. brachijal and anterior views, x 1, Coll. C1-K (0U-1079) ;
3, 5, 6, 13, 14. brachial, pedicle, lateral, posterior and anterior views, x 1, Coll.
M2-L. (QU-1075); 4. pedicle view of a small specimen, x1, Coll. C1-K (OU-
1077) ; 1. pedicle view, x 1, Coll. C1-K (OU-1076) ; 9. enlarged view of the
cardinalia, x 3, Coll. C1-H (QU-1081); 10. pedicle interior, x 2, Coll. MIL-K
(0U-1074) ; 11, 15. anterior and brachial views, x 1, Coll. C1-J (OU-1080).

Ficures 16-26. Rensselaerina haraganana Cloud. 16, 18, 22, pedicle, brachial and
lateral views, x 1, Coll. M4 (OU-1006) ; 17, 26. lateral and posterior views, x 1,
Coll. C1-M to O (OU-1010); 19. posterior portion of a pedicle interior, x 3,
Coll. C1-M (0QU-1009) ; 20, 23. brachial cardinalia; two different views of same
specimen, x 3, Coll. CI-H (0OU-1008) ; 21, 25. brachial and anterior views, x 1,
[collected by R. D. Alexander, “2.2 miles south and % east of Fittstown”; prob-
ably from the Bois d’Arc formation, Cravatt member, T. W. Amsden locality
P121 (QU-1007) ; 24. pedicle view, x 1, Coll. M4 (OU-1005).

See Plate XIV for other illustrations of this species.

Ficures 27-30. Schuchertelle haraganensis Amsden, n. sp. 27-30. posterior (x 3),
lateral (x 1), brachial (x 1), and pedicle (x 3) views of the holotype, Coll.
Cl-H to L (0U-938).

See Plate V, XI and XIII for other views of this species.
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PLATE XI

Ficurgs 1-4. Schuchertells haraganensis Amsden, n. sp. 1. brachial view, x 1,
[USNM specimen, Haragan formation, White Mound; T. W. Amsden M4]
(USNM 13814) ; 2. brachial cardinalia, x 3 [USNM specimen, Haragan forma-
tion, old Hunton townsite; T. W. Amsden C1]1 (USNM 134815); 3. brachial
interior, x 3 {same as fig. 2] (USNM 134816); 4. pedicle interior, x 2, [same
as fig, 2] (USNM 134817).

Other illustrations on Plates X and XIIL

Ficures 5-6. Isorthis pygmaea (Dunbar). 5. pedicle interior, x 3 [USNM specimen,
Birdsong formation; Will Love farm, 4% miles N. Holladay, Tenn.] (USNM
134818) ; 6. brachial view, x 3 [same as fig. 5] (USNM 134819).

Ficures 7-14. Isorthis pygmaea (Dunbar). 7, 10, 14. anterior, lateral and brachial
views, x 3, M2-L. (OU-921); 8, 11, 12. posterior, brachial and pedicle views, x 3,
Coll. M2-M (0U-923) ; 9. anterior view, x 3, Coll. C1-H (0U-920) ; 13. pedicle
view, x 1, Coll. M2.L. (0U-922).

Brachial interior illustrated on Plate XIII, figure 24.

Ficures 15-16. Sphaerirhynchia lindenensis (Dunbar). 15. brachial view, slightly
enlarged [Peabody Museum—Yale University specmens, Birdsong formation, Par-
sons, Tenn.] (Yale 20220); 16. pedicle interior, x 2 [same as fig. 15] (Yale
20221).

Other illustrations on Plates VI and XIII.

Ficures 17-26. Skenidium insigne (Hall). 17. brachial interior, x 3 [USNM speci-
men, Haragan formation, old Hunton townsite; T. W. Amsden locality Cl]
(USNM 134820) ; 18. brachial interior, x 3 [same as fig. 17] (USNM 134821) ;
19. pedicle view, x 3 [USNM specimen, Haragan formation, White Mound; T. W.
Amsden locality M4] (USNM 134822) ; 20. brachial view, x 3 [same as fig. 19]
(USNM 134823) ; 21, 25, 26. brachial (x 3), brachial (x 1), and posterior (x 3)
views [same as fig. 191 (USNM 134824) ; 22. brachial view, x 3, [same as fig.
19] (USNM 134825) ; 23, 24. pedicle and posterior views, x 3 [same as fig. 17]
(USNM 134826).

Other illustrations on Plate XIV.

Ficures 27-28. Leptostrophia beckii tennesseensis Dunbar. 27, 28, pedicle and bra-
chial views, x 1 [Yale specimen, Birdsong formation, “The Quarry,” Perryville,
Tenn.] (Yale 20222).

Other illustrations on Plates IIT and VI.

Freures 29-30. Qbturamentella wadei (Dunbar). 29. pedicle view, x 2 [Yale speci-
men, Birdsong formation, Swayne’s Mill, Henry Co., Tenn.] (Yale 20223): 30.
pedicle view, x 2 [same as fig. 29] (Yale 20224} .

Ficure 31. Tremaiospira costata angusta Dunbar. 31, pedicle view, x 1 [Yale speci-
men, Birdsong formation, Swayne’s Mill, Henry Co., Tenn.; this is the specimen
illustrated by Dunbar (1920, pl. 4, fig. 7) and is here designated the lectotypel
(Yale 9694).

Ficures 32-33. Obturamentella wadei (Dunbar). 32, 33. pedicle and anterior views,
x 2 [Yale specimen, Ross limestone, Grandview, Tenn.; this is the specimen
illustrated by Dunbar (1919, pl. 2, fig. 8) and is here designated the lectotypel
{Yale 9714).

Other illustrations on Plate VI and XIV.
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PLATE XII

A comparison of selected Henryhouse and Haragan species. For each genus the
Henryhouse specimens are below, the Haragan above.

Rhipidomelloides. Fiwcurgs 1-4. R. oblata (Hall) —Haragan formation, 1. ped-
icle view, x 1; 2. brachial view, x 1; 3. posterior view, x 1; 4. pedicle interior,
x 1 [see Plate II, figs. 3, 6, 8, 11].

Ficures 5-9. R. henryhousensis Amsden—Henryhouse formation. 5-8. pedicle,
brachial, anterior and posterior views, x 1, P1-G (0U-1106) ; 9. pedicle interior,
x 1, Coll. P6 (OU-1105).

Anastrophia. Ficures 10-13. A. grosse Amsden—Haragan formation. 10. an-
terior view, x 1; 11-13. pedicle, posterior and lateral views, x 1 [see Plate II,
figs. 18-211.

Ficures 14-17. A. delicata Amsden—Henryhouse formation. 14-17. anterior, ped-
icle, posterior and lateral views, x 1, Coll. P1-P (0U-1107).

Dicoelosia. Ficure 18. D. wvarica (Conrad) —Haragan formation. 18. pedicle
view, x 3 [see Plate I, fig. 131.
Ficurs 19. D. oklahomensis Amsden—Henryhouse formation, 19. pedicle view,

x 3, Coll. P3-S (OU-1109).

Leptaena. Ficure 20. L. acuticuspidata Amsden—Haragan formation. 20. ped-
icle view, x 1 [see Plate IIL, fig. 31.

Frcure 21. L. oklahomensis Amsden—Henryhouse formation. 21. pedicle view,
x 1, Coll. Cal-U (0U-1112).

Lissostrophia. Freures 22-23. L. (L.) Ilindenensis (Dumbar) —Haragan forma-
tion. 22. lateral view, x 2; 23. pedicle view, x 2 [see Plate VII, figs. 1, 4].
Ficunes 24-25. L. (L.) cooperi Amsden—Henryhouse formation. 24-25, lateral
and pedicle views, x 2, Coll. P6 (0U-1108).

Delthyris and Kozlowskiella. Ficure 26. Kozlowskiella {Megakozlowskiella)
velata Amsden—Haragan formation. 26. pedicle view, x 1 [see Plate VIII, fig. 51.

Ficure 27. Delthyris kozlowskii- Amsden—Henryhouse formation. 27. pedicle
view, x 1, Coll. P3-P (OU-1110).

Coelospira. Ficures 28-30. C. virginie Amsden—Haragan formation. 28. an-
terior view, x 3; 29-30. brachial and pedicle views, x 3 [see Plate VII, figs. 29-
30, 351.

Ficures 31-33. C. saffordi (Foerste) —Henryhouse formation. 31-33. anterior,
brachial and pedicle views, x 3, Coll. P1-Q (OU-1111).

Atrypa. TFicures 34-35. A. oklahomensis Amsden—Haragan formation. 34, 35.
anterior and pedicle views of the holotype, x 1 [see Plate IX, fig. 271.

Ficures 36-37. A. tennesseensis Amsden—Henryhouse formation. 36, 37. anterior
and pedicle views, x 1, Coll. P12 (OU-1104).
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PLATE XIII

Ficures 1-7.  Trigonirhynchia acutirostella Amsden, n. sp. 1, 3, 4, 6-7. posterior, an-
terior, brachial, lateral and pedicle views of the holotype, x 1, Coll. M2-M (QU-
1083) ; 2. brachial hinge-plate, x 3, Coll. M4 (OU-1082) ; 5. pedicle interior, x 2
[figures 2 and 5 are of silicified specimens which are mates].

Ficures 817. Plectodonta petila Amsden, n. sp. 8, 10. brachial and pedicle views
of the holotype, x 3, Coll. M4 (0U-1069) ; 9, 12. pedicle view, x 3, x 1, Coll. M4
(OU-1071) ; 11, 13. brachial and pedicle views, x 3, Coll. M4 (0QU-1072); 14.
brachial interior, x 3, Coll. M4 (OU-1070) ; 15. brachial interior showing high
outer plate [right half of specimen missing], x 3, Coll. M4 (0OU-1070) ; 16. bra-
chial interior, x 3, Coll. M4 (0OU-1073) ; 17. pedicle interior, x 3, Coll. M4
(0U-1070) .

Ficures 18-20. Schuchertella haraganensis Amsden, n. sp. 18-20. lateral, pedicle and
brachial views, x 1, Coll. M4 (QU-1116).

Other views on Plates V, X, XI.

Ficures 21-23. Sphaerirhynchia lindenensis (Dunbar). 21. brachial hinge-plate, x 3,
Coll. M4 (OU-1115) ; 22. anterior view, x 1, Coll. P9-J (OU-1118) ; 23. brachial
view, x 1, Coll. C1-H to L (QU-1114).

Other illustrations on Plates VI and XI.

Ficure 24. [Isorthis pygmaea (Dunbar). 24. brachial interior, x 3, Coll. M10-L. (QU-
1117),

Other illustrations on Plate XI.

Ficure 25. Schellwienells marcidula Amsden, n. sp. 25. brachial interior of the
holotype, x 1, Coll. P2-B [Bois d’Arc formation—Cravatt member; exterior figured
on Plate V, fig. 6].

Frcures 26-30. Meristella meeki (Hall). 26-30. lateral, brachial, anterior, posterior
and pedicle views of the holotype, AMNH 2457 [These are illustrations of Hall’s
original type (1859, pl. 44, figs. 6a-d) from the Helderberg of Tennessee; see
discussion under M. atokal.
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PLATE XIV

Ficure 1. Obturamentella widei (Dunbar). 1. pedicle interior, x 3 [Yale specimen,
Birdsong shale, 4 mi. N. of Holladay, Tenn.] (Yale—20225).

Other illustrations on Plate VI and XI.

Ficures 2-7. Skenidioides henryhousensis Amsden, n. sp. 2-7. pedicle, brachial (x
1), brachial, lateral, anterior and posterior views of the holotype, x 3 [Henry-
house formation], Coll. P3-S (QU-1118).

Ficures 8-9. Airypa tennesseensis Amsden. 8, 9. brachial and pedicle interiors, x 2,
Coll. P6 [Henryhouse formation] (QU-1089).

Ficures 10-11. Rhipidomelloides henryhousensis (Amsden). 10. posterior portion of
brachial interior, x 3, Coll. P1.P [Henryhouse formation] (OU-1085); 11. bra-

chial interior showing muscle area, x 2, Coll. P6 [Henryhouse formation] (QU-
1084).

Ficures 12-15. Skenidium insigne (Hall). 12, 15. brachial and pedicle views of a
specimen attached to R. oblata, x 3, Coll. M 4 (OU-1088); 13. brachial view,
xogﬁ Coll. M2L to M (QU-1086) ; 14. brachial interior, x 3, Coll. M2-L to M
(0U-1087).

Other illustrations on Plate XI.

Ficures 16-17. Rensselaerina hareganana Cloud. 16, 17. brachial and pedicle views

of one of the largest specimens in the collections, x 1, Coll. M10-M (0QU-1004),
Other illustrations on Plate X.

Frcure 18. Pseudodicoelosia oklahomensis (Amsden). 18. brachial interior, x 3,
Coll. P3-S [Henryhouse formation] (OU-1120).

Fircures 19-23. Strixelle acutisulcata {Amsden). 19. brachial interior, x 3, Coll. P12
(OU-1102) ; 20-22. lateral, pedicle and brachial views, x 2, Coll. P4-A (OU-
1101) ; 23. pedicle interior showing muscle scars and pallial sinus, x 2, P4 (OU-
1103) ; [all from Henryhouse formation].

Fieures 24-25. Camarotvechia? sp. 24, 25. brachial and posterior views, x 1, Coll.
M9-D (0OU-1037).

Other illustrations on Plate VII,

Frcures 26-31. Schuchertella attenuata (Amsden). 26. brachial interior, x 2, Coll.
P4-A (OU-1098) ; 27. pedicle interior, x 2, Coll. P7 (OU-1097) ; 28. brachial
view, x 1, Coll. P1-Th (OU-1100) ; 29. pedicle view, x 1, Coll. P4-A (QU-1099) ;
30. enlarged view of palintrope, x 3 [same specimen as fig. 27]; 31, posterior

view of brachial valve, x' 3 [same specimen as fig. 261; [all from the Henryvhouse
formation].

Ficure 32. Rhipidomelloides subtriangularis (Amsden). 32. brachial interior, x 2,
Coll. P1-Th [Henryhouse formation] (OU-1119).






191

INDEX
An asterisk (*) indicates the page where the subject is discussed or described.
A

Alexander, F. E. S, ____ 118, 119, 155, 156

Alexander, R.D. ____. __ . S —_—
Amphistrophia _________________ 72
Amsden, T. W, cited _______ _________________. 9, 10, 17, 18, 49, 145, 147, 151, 161
Anasirophia L 15, 16
A. delicata _______ 69, 146
A grossa 12, 14, 19, 21, 65-68*
A. cf. A. internascens ___ _____ e 68
A, verneuwili __________ 19, 65 (fig. 12), 66 (table 6}, 67 (fig. 13}, 68 (fig. 14)
Articulata _ 9, 40, 41
Atrypa 15, 16, 23, 155, 160
A. arctestriata ._. ___ e, 146
A. corrugat@ —____ __ . 119
A. devoniane o 119
A, laevis L 129
A. mesacostalis ___ ___ o 130
A. naviformis _____ . e 130
A. oklakomensis . ______________ . 13, 16, 116-120%, 155
A. quadricosta e 130
A. reticularis harknessi _________ 156
A. reticularis lapworthi __ . __ 156
A. reticularis lonsdalet __________ o _ 119, 156
A. reticularis murchisoni ____________ . 156
A. reticularis sedgwicki —_______ . ______ e 156
A. reticularis sowerbyi _________________ o ———=119, 156
A. reticularis teicherti ____ __ ___ 119
A. reticularis woodwardi . . _______ __ _ . 156
A. tennesseensis __16, 117 (fig. 30), 118 (fig. 31), 120 (table 12), 146, 155-156*
Atrypelle ___ 159
A, prunum ___ e 159
Atrypinag e 15, 23
A. hami o 13, 20, 115. 116*
A. imbricata ______ __ . 20, 22, 116

B

Bailey limestone __._________________________ 24*, 54, 60, 64, 83, 103, 107, 116, 121,
124, 126, 127, 133, 136, 141
Bassler, R. S. __ 160
Bathyrhyncha o 153
Bear Branch member _______ . __ 22
Becraft limestone __ . _ 17, 18, 19, 21
Bilobites _______. e L 52, 54
Birdseng shale ..___________________ 22, 23.24*, 44, 47, 49, 54, 60, 62, 63, 64, 67, 69,
75, 77, 78, 79, 83, 92, 98, 99, 101, 102, 103, 110.
114, 116, 124, 126, 127, 132, 136, 138, 142, 143
Bois d’Arec Creek 38 (section P11)
Bois d’Arc formation ____.____ 10*%, 11 (fig. 1), 12, 17*%, 20, 24, 61, 68, 73, 79, 80, 86,
87, 90 91, 92, 99 101 103, 111 125 126 132 136 144
Boucot, A. J. 121 153 159-169
Brachyprwn _______________________________________________________________ 74
Branson, C. C. 73
Bromide ______ e 26 (section C2)
Brownsport formation ________ 15, 22, 44, 77, 95, 96, 113, 120, 145, 147, 148, 149, 150.
151, 153 155 157, 159 160, 161, 164
Brvozoa _ e 17, 147

Buckhorn Ranch _____ 32 (section MlO)



192 INDEX

C
Caemarocrinus _________ i _ _ N
Camarotoechia - - e , - 15 23, 153*%
C. altisuleata __________________________ N — ___145 153
C. bialveate —___.____________ 19, 107
C. carmelensis ______ _______________ 145, 153, 155
C. cedarensis ________ e 153, 154
C. congregata ___________ 106
C. filistriata _____________ - e 146, 153
C.? haragenensis _________ e 13, 14, 19, 105-108*, 110
C. hollandi ________ ______ 153+
C. oklahomensis ________________________ 105, 146
C.2oSpe 13, 108.110%
C. transverse —______________________ 19 109, 110
Camarotoechiidae _____________________ e 145, 153
Carter County ________ 27, 29
Caster, K. . ___ 71, 79
Cedar Wil _______________ ______ . 35 (section P3), 36 (sections P4, P6)
Chadwick, G. H. __________ 18
Chapman sandstone _________... . ______________ o
Chimneyhill Creek _________ ___________ _________ 34 (section P1), 35 (section P3 )
Chimneyhill formation ____________________________ 10, 11 (f1g 1), 15, 16, i@
Chonetes? sp. 13, 21 92+
C. striatissimus .. _______ 93
Chonostrophie ____________ 23
C. aroostookensis ___________________ 93
C. helderbergiae ______________________ 02
C. lindenensis _ ——— e e 2
Clarita member - e 11 (fig. 1)
Clarke, J. M. _ 18, 82, 83
Cloud, P. E., Jr. ____ 9, 17, 20, 143
Coal Cleek ________' _________________________________________ 14« 37 (sectlon P9)
Cochrane member._-______________________ . 11 (fig. 1)
Coelospira _____ - - e 15, 16, 23
C. concava __________ _ e 20, 113, 114
C. seffordi ______ _____ 16, 113 (fig. 28), 146
C. virginia ___ N — e 13, 16, 20, 112-114%
Coeymans limestone ________________ e 18, 21, 22, 23, 79
Cooper, G. AL _________ . ___ 9, 15, 18, 21, 94, 111 131 148
corals __
Costellirostra __.___ e 20
Cravatt member ____________ 10*, 11 (flg 1) 17"' 20, 61, 80, 92, 103, 111, 126, 136
Criner Hills ______ - Z — SO 14
Croneis. C. ___ e 24
Cyrtina _________ e 15, 21, 40, 135-136*
C.dalmani _____________ S SO 20, 136
C. dalmani nana _ . - - _20, 21 133-136*
C. hamiltonensts ___ - e 134.
C. heteroclyta ______. __ e 135, 136
D
Dalmanites _____. - - - e 12
Davis G. H. 18
Decaturville chert ________ - e 22, 24
Decker, C. E. . ________________ o i —_— 15, 147
Deerparkian __________ __ —_—— e 11
Delthyris __ - O 16
D. cyrtinoides __ - — . — - __22, 124
D. kozlowskii _________________________ _— e 146
D. missouriensis _____.________________________ e 124,
D. octocostata tennesseensis _______________ . _____ . _________ . 124

D. perlamellose __._.______________ o e __ 124
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Dicoelosia - e _15, 16
D. biloba . 22
D. oklahomensis __ S 16, 54, 146
D. varica —___. — _12, 16, 19, 20, 23, 51-54*
Dictyonella ____.___ e e 15, 150
D. concinna ____.___ — _ - e, 150
D. gibbosa _.__ - _— e 146, 150-151*
D. subgibbosa ___ . _______. e 22, 151*
Dunbar, CO. 9, 22, 23, 24, 49, 54, 99, 132, 143, 151
E
Eatonia — o o e 20, 111*
E. exsert® — 12, 13, 110-112*
E. fissicost@ oo 22, 111
E. medialls oo 111
Eospirifer o 23
E. macroplewra e 20. 23
F
Fardenia 15, 152, 153
F. attenuata __ - . —— S 145, 152
F. reedSi — 146, 152
Favosites cf. F. conicuS — e 12 -
Fittstown member _.____________ 11 (fig. 1), 79, 80, 103, 126
Flat Gap member _.____ 22
G
Gastrocaulia . e 40
Girty, G. H. _____ e 9, 18, 19, 23, 54, 130
Goldring, W. e e 18
Grand Greve limestone . oo 165
Grassy Knob chert o 24
Gypidula 23.
G. multicostata? e 12, 69*
H
Hall, J. 18, 20
Ham, W. E. oo 116
Haragan formation
age _ S e 18
Bois d’Are relationship .o oo 10, 17
brachiopods listed — e 12-14
collecting localities ____.______ 25 (fig. 2), 26-39
correlation ___ . — - e 19-24
deposition _______ . __ e 17, 147
Henryhouse relationship ___ e 10, 15-17, 147
lithology and thickness __ . ___________ 10, 11
megafavna ___________________ 9, 11, 12, 17
paleoecology - 17
past investigations ________ _12-14
Helderbergian ________ __ ________ 18, 19, 22, 44, 46, 47, 53, 59, 66, 76, 79, 82, 83
Henryhouse Creek _______ 14, 24 (section Cal)
Henryhouse formation _________ 10, 11 (fig. 1), 19, 44, 49, 54, 60, 61, 62, 63, 68, 72,

BE e 15, 147
brachiopods listed __ .. ______ S 146
deposition ________ . 16, 147
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faunal distribution _______________ e le, 147
‘Haragan relationship __________ __ _______________ 10, 15-17, 147
supp]ementary descripition of brachiopods - ____________ 148-156
Holland, ¥. D., Jv. . ____ e 153
Homoeospzm ________________________________________________________________ 140
H. foerstei _______.. _________ 140, 146
H. subgibbosa ___________ 139 (fig. 37), 140, 141 (table 16}, 142 (fig. 38), 146
Howellelle _-_____ 40
H. cycloptere _.____________ o 13, 20, 125-126*
H. henryhousensts ___________________ 146
Hunten townsite ___14, 26 (section Cl), 46, 69, 73, 75, 77, 87, 96, 132, 137, 138, 150
I
Ideal Quarry member __________ 11 (fig. 1)
Inarticulata ___-__ ________ _______ 12, 40
Isorthis 15 21
L arcwarie ___________________________ 48 (fig. 6), 49, 62, 63 (fig. 11), 64, 146
I. perelegans _________ _______ 9 64
I. pygmaee _________ _____ o 12, 19, 23, 62-64«*
J
Johnston County _____ 28
K
Kalkberg limestone ______________________________ 18, 19, 52 (fig. 7), 53 (table 3)
Keel member ____________ e 11 (f1g 1), 150, 151
Keyser limestone ._________ _________ ..~ o 22
Kite group _____________ 11, 12, 17
Kozlowskiella (Megakozlowsktella) _____________________________ 15, 16, 20, 123 124
K. (M.) perlamellosa ___________________________________ 20 123, 124
K. (M.) velate . ___________________ . 13, 14, 20, 121-124%
L
Letorhynchus ______________ - e 130
Leptaena __ _ e 15, 16
L. acuticuspidata __.__ - e 12, 16, 83-88*, 151
L. delicate ________________ 151
L. oklahomensis .________ 16, 84 ({ig. 18) 86 (fig. 19), 88 (table 11), 146, 151%
L. cf. L. rhomboidalis _____ - S a5, 86, 87 (table 10)
L. tennesseensis _______.____ e 151
Leptaenisca __.__________________ - e 15
L. concava _______________ __ S 12, 19, 23, 80-33*
L. irregularis ___________________________ S 83, 146
L. tangens ___ —— , _— 82
Leptostrophia _________.___ e 15, 77%*
L, beckii _____ - e 19, 79
L. beckii tennesseensis —_______ - - --13, 19, 23, 78- 80*
L. planulate ____ — —_— - _._ 79
Levenea ___________ 15, 21, 23, 80
L.macre . ________ . __ 22, 49
L. subcarinate _____________ —— e 19, 47, 49
L. subcarinate pumilis ________________________ . _____ 12, 14, 19, 20, 46-51%
Liljevallio- adnascens ____________________________________ "7 80, 82-83*
Linden group __________ S 22
Lissatrypa __ - ______ 145, 159, 160
L. atheroidea _______ e 160
L. decaturensis _________________________ ________ 146, 157 161
L. henryhousensis __.__________ e 160

L. scheii S 160
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Lissatrypoidea ___ . __ e 15, 22, 145, 157*, 159-1617

L. concentrica o __ . ______ S 146, 157, 159

L. henryhousensis . o 146, 157

Lissostrophia (Lissostrophia) —____ 15, 16, 20, 77%

L. (L) COOPeri e 77, 78, 146

L. (L.) lindenensis ___ 13, 15, 23, 77-78*

Little Buckhorn Creek ___ . . e 33 (section M11)

Loganella . 162, 164-165* 170

L. lehuquetiana —_____ 165

Ludlovian o o e e e 15, 147
M

MAine o e e 21, 137, 141

Manlius o o 18

marlstone ___ e 10, 17

Maryland _ e 21, 83

Maxwell, R, - 9, 11, 15, 17, 18, 19, 24, 54, 69, 72, 120,

142, 147

Mendacella cliftonensis . o 167

Meristd . o ey 15

M. oklahomensis —— e S 146

M. tenNeSSEENSLS — oo e 22

Meristing roemert —— e ..__133, 146

Meristella — e 15, 129-130*

M. aQret@t@ — oo oo e 20, 130

M. atoka __ o 9, 13, 14, 20, 23, 80, 128-133*

M. bellg — oo e 130

M. cylindric@ — 130

M. laevis — o e 130

M. meeki o~ e 132, pl. 13, figs. 26-30

M. oblata — . e 130

Mill Creek (town) o e 28 . (section-J11)

Missouri (lower Devonian) _. 24

mollusks o = 17

Murray County __. . 24, 29, 30, 31, 32. 53
N

Nanospira - S 15

N. parvula e 146

Newell, N. D. _____ 9, 21, 132, 161

New Scotland _____________________ 17, 18, 23, 24, 42, 46, 47, 53, 59, 76, 79, 82, 87,

95, 96, 109, 116, 123, 126, 127, 136, 137

New Scotland brachiopods ___ 19-21

Nucleospire e 15, 157, 161

N. concentrict — o o 128, 146, 159, 161

N. raritas — o o e 128, 146, 157*

N. ventricos@ ————— e 13, 20, 23, 127-128*

NudiroStrad — 130
0

Obturamentella oo e 16, 20, 99-100+

0. wadel — oo 13, 23, 96, 100-103*

Olive Hill formation . e 22, 24

Oriskany oo 24

Orthis

0. alSus — e 167

0. assimilis — 167

0. circulus Barrande e 169

0: circulus Hall
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O. cleobis _________ 169

0. cumberlandiace . ________________________________ T 169
O.discus ___________________ T 1¢9
O.eryne ._________ o 167

O. hareic _________ 1469
O.livie ._____________ T 169

0. musculose _______ . ____________________ o 167

0. oblgte _________________ T 167

0. oblata emarginats ____________________________ 167
O.peloris _..____________ 169
O.semele __________________ T 169

o. soliterie ________________________ ______ ___ 169

0. subcirewle ____________________ 169

0. vanuxemi pulchelle . ________________ T 169
Orthostrophia . __________ ____________ T 20, 23, 80, 148
0. brownsportensis .__.______ e 44, 45, 145, 148

0. dixoni ._____________________ 14

O halli ____._____ _44, 145

(0. strophomenoides _ _ e 19, 40, 42, 44

0. strophomenoides parva __.____________________ 12, 14, 19, 20, 41-45*, 148
ostraceds _____________ . . 17, 24

P

paleoecology T
Parmorthis ___________________ —— 145, 148
P. brownsportensis _________________________ T 148
Peabody Museum collections (Yale) _____ 9, 19, 23, 39, 42, 48, 59, 62, 66, 69, 72, 79,
98, 99, 101, 102, 123, 136, 143

Perditocardinie ________________________ 162, 164, 165, 170
Perry. T. G, _________________ e 147
Pettijobn, ¥. J. _______________________ 17
Phacops _________________ S, S 1
Platyorthis . _______________ —— e 20
Plectodonta ___________ R 20, 23, 90*
P. marige __________ . e 11!
P.petila ._________ e _-13, 93.94*
Pontotoc County ________.___________ S 34, 35, 36, 37, 38, 39
Pseudodicoelosia ____ - e 15, 162-164*, 165, 170
P. oklahomensis _____ e S 146, 148, 149
Prychoplewrelle _______ T 15
P. rugiplicete ___________ T 146
Pyburn member 99
Pygocalta _________ . _________ 40, 11

R

Rayford quarry _____ B e 31 {section MS8)
Reeds, C. A, ____________________ 9, 15, 17, 18, 19, 24, 54, 72, 83, 126, 130, 147, 151
reef _______________ — e 17
Rensselaering _____________ — e 15, 20
R. elliptica . _______________ e 20

R. hareganane _____________. 14, 142-T144*

R. levenege _____________ __________ T 20
Relevis .. __________ T 20

R. medioplicate _______________________________ T 143

R. medioplicata latior ____________________________ T 143
Resserelle __ ... ___ . ________.__ e 15, 145, 143
R. brownsportensis ________.____________________ 49, 146, 148*
Rhipidomelle .______________ _________ 148, 161, 162, 164, 166, 170
R. acutisulcate _____. ___________________ oo 179
R.ellsworthi ___.___________ 167

R. henryhousensis ___________________________ 162, 165, 167



R. hybridoides ________________ . _ ___l69
R. kutsingensis _______ — 169
R. lehuquetiana ‘ - R 165
R. lenticularis _______.____ e — ——_169
R. magricardinalis ________ - 169
R. marylandica __ 169
R. melvilles _____________ 169
R. musculosa arctistnuata _ - _— - ___167
R. musculesa solaris . 167
R. newsomensts _______________________ e 167
R. numus _ L 109
R. oklahomensis e 164
R. preoblate ____________________ - e 169
R. logant ________ 169
R. saffordi e 164,
R. subtrianguleris ____________ ___ __ o _____ 169
R. tenwilineata ______________ e 169
R. vanuxemi _____________ e 169 (fig, 42)
Rhipidomelloides __________________________________________ 16, 162, 164, 165-169%
R. QLSS e 167
R. assimilis _ __________ e 167
R. cliftonensis ________ _____ o ______ 149, 167
R. cf. R. discus __________ __ e 59
R. ellsworthi —_ ________ 55, 59, 60, 167
R.eryna 167
R? hareit . e 169
R. henryhousensis __56 (fig. 8), 58 (fig. 9), 60, 61 (table 5), 146, 158, 149, 167
R.? hybridoides __________________________ S 169
R.? livia ___________ - S 169
R. lenticularis ___ e 149, 167
R. melvillei ________ 53, 59, 60, 169
R. musculosa __ o ___._ - ___167
R. musculosa erctisinuate ____ 167
R. musculosa solaris ____ . o __ 167
R. newsomensis ___ __ _ e 167
R.oblata ____________ . _____-___12,14, 19, 21, 23, 46, 55-61%, 148; 167
R. oblata emarginate ___________ ______ o 54, 39, 167
R.? preoblate ___________ 169
R. SP. 169
R.? subcircula __ e 169
R. subtrianguleris _________________________ 59 (fig. 10), 61,146, 148, 149, 169
Rhynchonella phoca ______________ e 160
Rhynchonella ventricose _____________ i 96
Rhynchospirina  _._ U 15
R. electra __________ ___ e 141
R. formosa ____ _____ 20, 140, 141, 142
R. globose _____ e 14«0 142
R. maxwellt . ___ 13, 14, 20, 138-142%
Rhytistrophia __ __ . 79
Rockhouse shale . ______________ o _ 22.23%, 49, 114, 124, 151
Ross formation ___________ 22 23
Ross limestone member ____________ 22, 23*, 54, 60, 67, 69, 92, 98, 101, 103, 124, 132
S
Schellwienella _ e 40, 91*, 153
S. mercidule ______________ e ____ 12, 13, 20, 89, 90-91*
S.? woolworthare _____________ e 20 89 91, 92
Schizoramma __________ e 15
S. hami __ 146
Schuchert, C. _________ —_—— e 18, 160
Schuchertelle 145, 152-153*

S. attenuata _______ e 89, 146, 152-153*
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S. haraganensis __________________________ . 13, 88-90%, 91, 153
S.lens _________ 152
Scyphecrinites 12
Scyphocrinus pratteni ___________ 22
Sieberella roemeri ________ e ____146
Sinclair, W. ______________ e 52
Skenidioides billingst - — ______-149
S. henryhousensis __________________ e 145 146, 149- 150*=
S. pyramidalis _______ — _ e
Skenidium __ . . _ 15, 150
S.insigne o ___ . ___________________ ___12, 19, 23, 45- 4-6* 150
Southern Rock Asphalt quarry . _____ e e e 32 (sectlon MQ)
Sphaerirhynchia ________________ e 15, 40, 95*, 100
S. glomerosa __ - ___ . ____ o __ 13, 19, 94-96*, 98, 103
S. lindenensis ________________________________ 13, 23, 95, 96, 97-99%, 103, 105
S. nucleolata _ 19, 96
S. saffordi 95, 96
S. wilsoni . ________ 95
Spirifer crenistria ______ e 91
Spirifer perlamellosa praenuntius ____________________________________________ i24
SpOMges H
Squires, D, . _________ e e 9, 132, 161
Stegerhynchus _______ e P 15, 145, 153, 154-155%
S. altisuleata _____ __ e 146, 155
S. carmelensts o ___ 146, 155
S whitil e __ 154 (fig. 39) 155
Stehli, F. G. .._ e e e et 153
Strizella — - 15, 162, 163, 165, 170*
S. acutisulcate . __________ — 146, 148, 149, 163 (fig. 40)
Stropheodonta _____ A 15, 74*, 80
S. (Brachpyrion) arata ___.. - 13 19, 73 (fig. 16) 75-77*
S.7(B)) aiténuata _______ L R 146
S. crebristriata . ______ 75
S. (B.) gibbera _ e 13, 73-75*
S. patersoni. bonamic@ _ ool 75
S. (B.) purdwetr - ____ 75
S. (B.) varistriate _____ _______ 75, 16, 77
Strophonelle ... e 15, 71*%
S. alterniradiate e 146
S. (Strophonella) - bransoni _ e 13, 19, 70-73*
S. laxiplicata ___ . 72, 146
S. (S.) lineolata ________ T2
S. loeblichi o _.__. _— 72, 146
S. prolongata _________________ - e 146
S. (S.) punctulifera —______________________ 19, 72
S. (S.). punctulifera hollada;n e 21, 40
subspecies discussed _____ e e et e e e 21 40
Swartz, F. : A A0
Sylvan formation _______ — 10, 11 (fig. 1)
T
Tansey. V. O. ____ 24, 46, 54, 83
Tennessee (lower Devonian) ... _ ... . 22-24
Thomas, 1. e 152
Trematospir® . ____ e 15, 21, 137, 138
T. camure ______ 138
T. costata ______ e 20
T. costate anguste _____ ___________________________ 137, 138, pl. 11, fig. 31
T. cf. T. kippolyte __ ________________ . 13, 20, 136-137*, 138
Trematospire sp. e 13, 137-138*
Trigonirhynchia . __ 100, 105*

T. acutirostell ___________________________. 13, 98 (f1g 21), 99, 104-105*



T. fallaciosa 105

T. suleate ___ . — ___ 105

T. tennesseemnsts — o oo 105

trilobites _ _ - — _ 17

Tulip Creek ___ .o 28 (section Ca2)
U

st erian o o o oo 18

Uncinuling - oo o 105

Uncinudus — e e 100

U. 8. National Museum {(collections) ____..__ 9, 19, 39, 42, 45, 46, 48, 59, 62, 64, 66,

72, 76, 79, 90, 91, 95, 96, 111, 133, 136, 145, 152

University of Oklahoma (collections) . ___________ 39, 48, 59, 67. 72
\'

Vines dome ____ e 14, 29 {section M1)
W

Weller, J. M. e 24

West Virginia _____ .. 21

White Mound _____________________ 14, 29 (section Me), 30 (section M3}, 31

(section M4), 45, 46, 77, 83, 87, 94, 137, 143

Whitfieldella _______ 130

Williams, A. e 15, 71, 74, 77, 82, 153

Williams, H. S., and Breger, C. L. _________ e 22

Wilson, C. W., Jr, o 22, 23, 24, 54, 132

Woodford shale . __________ - - e 10, 11 (fig. D

Woodward, H. P. ___ — e 21







