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LATE CRETACEOUS GASTROPODS IN TENNESSEE AND MISSISSIPPI

NEOGASTROPODA, OPISTHOBRANCHIA, AND BASOMMATOPHORA FROM THE RIPLEY, OWL
CREEK, AND PRAIRIE BLUFF FORMATIONS

By Norman F. Sonwn

ABSTRACT

Description of the gastropods found in the Upper Cretaczous
(Late Campanian-Maestrichtian) deposits of southwestern
Tennessee and northeastern Mississippi is concluded in this
chapter.

A discussion of the major monographed gastropod faunas of
the geologic column indicates that there is a decided progres-
sion with decreasing age as to the percentage representation
of the Archaeogastropoda, Mesogastropoda, and Neogastro-
poda of any given fauna. Paleozoic gastropod faunas were
dominated by the Archaeogastropoda. The Mesogastropoda
grew in proportional abundance at the expense of a decrease
in Archaeogastropoda until they became the dominant group
during most of the Mesozoic. About 50 percent of the repre-
sented species- and genera of any Upper Cretaceous gastropod
fauna were mesogastropods. The Neogastropoda became the
dominant group, in terms of the number of species and gen-
era in the Tertiary. The graphs presented indicate that the
gastropod fauna of the Ripley, Owl Creek, and Prairie Bluff
Formations was unique among Upper Cretaceous faunas in
that the Neogastropoda were dominant and the percentage
representation of the various groups mirrors that of the Ter-
tiary and Recent fauna.

The gastropod fauna of the Ripley Formation was perhaps
the largest in terms of &pecies and genera of any known Up-
per Cretaceous formation. The literature offers little infor-
mation pertinent to determining its development. New evi-
dence derived from preliminary studies of the gastropod
faunas of the Chattahoochee River region of Georgia and
Alabama indicates that the major Ripley faunal components
are well developed in the Eutaw Formation (Santonian).
Knowledge of the Turonian Gastropoda of the gulf coast is
lacking. The Woodbine (Cenomanian) faunas of Texas show
numerous similarities with the Comanche faunas (Lower Cre-
taceous) and few similarities with the Ripley or later Upper
Cretaceous faunas. Therefore, the Ripley faunas did not ap-
pear suddenly but developed gradually from Coniacian and
possibly Turonian time through the late Upper Cretaceous.

Analysis of the Upper Cretaceous faunas of the world indi-
cates broad outlines of possible zoogeographic provinces. Al-
though specific and generic similarities between the gulf coast
Ripley faunas and those of other areas are small, save for
cosmopolitan genera, gross aspect and composition of many
are similar. The faun&s of other zoogeographic realms such
as those of Pondoland, Union of South Africa, northern Ger-
many (Aachen and Limburger Kreide), and those of southern

India all show a gross similarity, especially when compared
to those of the Caribbean, Gosau, north Africa, the Middle
East, or Baluchistan. These differences appear to be due to
the proximity to, or being a component part of, the Tethyan
Belt. The former are ecologically similar. For the most part
these were sand-facies faunas and generally occupied coastal
embayments outside of the major Tethyan sphere of influence.

The main body of this report consists of the systematic de-
scription of the Ripley, Owl Creek, and Prairie Bluff species
of the Neogastropoda, Opisthobranchia, and Bassomatophora.
There are 210 species and subspecies described and formally
named. Fifty-two species represented by inadequate material
are only tentatively assigned or are merely mentioned. Of the
210 named species, 77 are described as new. These species are
assigned to 95 genera and subgenera. Of the genera and sub-
genera Lowenstamia and Ornopsis (Pornosis) are proposed as
new.

INTRODUCTION

This is the second part of an investigation of the
gastropod faunas of the Ripley, Owl Creek, and
Prairie Bluff Formations that crop out in southwest-
ern Tennessee and northeastern Mississippi.

In this part, some 95 genera and subgenera fmd
210 species definitely assigned and 52 less certainly
assigned species of the Neogastropoda, Opisthobran-
chia, and Bassommatophora are described. ’Ijhe first
part (Sohl, 1960) dealt in detail with the stratigraphy
and correlation of these formations and included the
description of 57 genera and 99 species definitely as-
signed to the Archaeogastropoda and Mesogastropoda
(table 1).
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RESUME OF THE STRATIGRAPHY

The major stratigraphic zonation of the Upper Cre-
taceous deposits of the Gulf Coastal Plain is based
principally upon the occurrence of certain pelecypods
and in particular upon the oysters, although other
fossils are locally useful. The uppermost major zone
is that of Z'wogyra costata, and it is within that zone
that all the gastropod faunas herein described occur.
According to Stephenson and others (1942), this zone
includes all the Maestrichtian Stage of the standard
section of Europe. The author (Sohl, 1960, p. 8) has
presented evidence to indicate that part of the upper
part of the Campanian probably is also involved
(fig. 12).

Throughout the time represented by the rocks of
the Exogyra costata zone, deposition of clastic mate-
rial was dominant in the northern part of the Missis-
sippi embayment. The rocks become increasingly finer
grained and more argillaceous as the arcuate outcrop
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F16URE 12.—Correlation of the Upper Cretaceous rocks of the Ezogyra costata zones of the Atlantic and Gulf Coastal Plains (modified from Stephenson and others, 1942).
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belt is followed to the south from southwestern Ten-
nessee into northeastern Mississippi. This change is
shown not only by the pinching out of the McNairy
Sand Member of the Ripley Formation southward in
Mississippi, but also by the interfingering of the sandy
marls of the Owl Creek of the north with the Prairie
Bluff Chalk in Pontotoc County, Miss. In addition
to the decrease in grain size, the carbonate content
appears to increase correspondingly southward. For
example, the chalk of Pontotoc County is commonly
less pure than that of Kemper County, Miss. Similar
relations exist in the downdip subsurface areas of the
Mississippi embayment as shown by Stearns and Arm-
strong (1955) and by Stearns (1957, figs. 8, 15).

The location of the basal boundary and the distinc-
tion of the members within the Ripley Formation
must be arbitrarily established owing to the grada-
tional character of the units. The underlying forma-
tion, the Demopolis Chalk, becomes increasingly argil-
laceous and clayey toward its top and grades, through
a unit informally called the transitional clay, into the
sands of the basal Coon Creek Tongue of the Ripley
Formation. The boundary between these formations
in northern Mississippi is arbitrarily placed at the top
of the Kzogyra cancellata subzone. In southern Ten-
nessee (loc. 1), however, typical sediments of the Coon
Creek Tongue occur lower in the section and the for-
mation boundary within the transitional clay falls
well within the subzone of £. cancellata (fig. 12). The
argillaceous sandstone of the Coon Creek Tongue be-
comes less massive upward and grades into the shal-
lower blanket and deltaic sands and sandstone of the
McNairy Sand Member. This sandstone in turn not
only pinches out southward along the outcrop but
grades upward into argillaceous sands of the up-
per part of the Ripley Formation, indicating a return
to conditions similar to those that obtained during
the deposition of the Coon Creek Tongue. Locally an
intraformational unconformity can be demonstrated
at the top of the sands of the upper part of the
Ripley Formation below the Chiwapa Member, but at
other places (loc. 29) there are indications that the
change was rather one of transition to deposition of
sandy limestone. Thas the Demopolis-Ripley interval
can be viewed as a part of a single sedimentary cycle
that was interrupted in the north by the deposition of
the McNairy Sand Member, but that south of Union
County, Miss., is represented by an almost undisturbed
upward gradation from chalk through clays into silty
sands.

The magnitude of the unconformity separating the
Ripley and Owl Creek Formations is not precisely
known, although it represents a time interval long
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enough in some areas, as in parts of Pontotoc County,
Miss., to permit removal of the Chiwapa Member.
Formerly this time interval was thought to have been
rather extensive, but faunally the two formations are
very similar; most of the genera and many species
present in the Owl Creek Formation are present in the
Ripley. The Chiwapa fauna shows affinities to both
the Ripley and Owl Creek faunas and appears to
bridge the faunal gap between the two.

The Prairie Bluff Chalk is a facies equivalent of
the Owl Creek Formation, with which it intergrades
through a lateral transition zone that extends from
southernmost Tippah County, Miss, southward
through Pontotoc County.

The unconformity at the top of the Owl Creek
Formation that separates the Cretaceous from the Ter-
tiary no longer is believed to encompass the whole of
Danian and part of Maestrichtian time as was main-
tained by Stephenson (1941). Recent micropaleonto-
logical work by Loeblich and Tappan (1957) and
others has brought to light considerable evidence to
support a Tertiary (Paleocene) age for the Danian.
The Clayton Formation is thus assigned to the Danian,
and Stephenson’s Danian gap does not exist. At most
localities, however, the basal Paleocene beds contain
reworked Cretaceous fossils and have furnished for-
aminiferal and megainvertebrate evidence indicating
that a moderate part of the Maestrichtian is missing.

The disparity between the Paleocene and Cretaceous
faunas, although perhaps not as great as had been
thought in the past (Stephenson, 1915, 1941), does in-
dicate a change of source area for some of the ele-
ments of the fauna, if not a considerable hiatus. The
tendency of paleontologists to overemphasize the dis-
similarities between the faunas of the Cretaceous and
Paleocene has probably exaggerated both past and
current concepts of the extent of this faunal break.
The same attitude has, as Chavan notes (1946), also
influenced many European studies. In part this em-
phasis on dissimilarity may have been a reflection of
the disappearance of the ammonites that formed the
basis for so many Cretaceous stratigraphic and faunal
studies. Conversely, if one considers Cretaceous mol-
lusks other than cephalopods, it is seen that numerous
genera of gastropods range up into the Tertiary and
some into the Recent. An even greater percentage of
the total number of pelecypod genera is found in the
Tertiary or Recent faunas. In addition some Creta-
ceous gastropod genera such as Eoharpa, Liopeplum,
and Paleofusimitra were probably direct antecedents
of such Tertiary genera as Harpa, Athleta, and Fusi-
mitra.
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Considerations of similarity and continuity have
been overlooked and proponents for a great uncon-
formity have emphasized differences in order to
strengthen their argument. Thus Stephenson (1941,
p. 33) postulated a great retreat of the seas to the
steep outer slope of the continental margins. In this
restricted environment, many forms were extinguished
in the struggle. “Evolution” of the survivors was
rapid but took a part of Maestrichtian, all of “Da-
nian,” and part of Paleocene time. If the Danian
be considered Paleocene, however, the time available
for the development of a new fauna is much reduced.

Such a long period of time and extreme conditions,
as postulated by Stephenson, does not appear neces-
sary when one considers the large number of genera
that transgress the boundary and the large number of
potential ancestors to Tertiary genera and species that
are present in the Cretaceous. Even on a physical
basis, according to Monroe (1953), there is little evi-
dence for a great lapse of time.

EVOLUTION OF THE GASTROPOD FAUNAL BALANCE

The gastropod faunas of Late Cretaceous age are
of special interest on several counts. One feature they
possess 1s that of the culmination of a number of
stocks that were present during most of the Meso-
zoic. A second noticeable feature is that of a gross
similarity to the early Tertiary groups. Many genera
and a number of families that became important ele-
ments in the Tertiary faunas appeared at this time.
Overall, the gastropods blossomed with the introduc-
tion of many new groups. This is especially true of
the Neogastropoda, which, in the late Upper Creta-
ceous, became quite diversified. However, as during
most, of the rest of the Mesozoic, the Mesogastropoda
remained an important if not a dominant element.
The only group that suffered a decline in diversifica-
tion was the Archaeogastropoda.

The graphs produced in figure 13 provide an in-
formative sidelight upon the development of the Up-
per Cretaceous gastropod faunas. For the purpose of
constructing the graphs the percentage of the total
fauna of the divisions Archaeogastropoda, Mesogastro-
poda, Neogastropoda, and Opisthobranchia were
plotted. The pulmonates were not included as their
occurrence was limited to only a few genera or spe-
cies, which never reached a total of more than 3 per-
cent of the total fauna and more often were totally
absent. In the older monographs the taxonomy was
not brought up to date. To do this in a thorough
fashion would have taken a prohibitive amount of
time and would have been outside the scope of the
present paper. Actually for the purpose of the com-
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parisons made it was found that such revisions added
little to the information to be gleaned from the orig-
inal source. Spot checks were run by revising the
taxonomy in papers such as Huddleston’s monograph
(fig. 13, No. 26). It was found that although the
number of recognizable genera and species usually
increased significantly, the percentage of the total re-
mained proportionally the same. Revision of all the
faunas considered was done to the extent that they
conform on a superfamily level to the classification
used in the present paper, mainly that of Knight and
others (1954).

Upon viewing the graphs, one is immediately struck
by the gradual decline of the Archaeogastropoda. The
graph (fig. 13, No. 30) of the Ordovician shows the
Archaeogastropoda to be the dominant element, com-
posing more than 90 percent of the total fauna.
Through the Triassic (fig. 13, Nos. 27-29) the Ar-
chaeogastropoda were still dominant, but as much as
25 percent of the genera present belonged in the Meso-
gastropoda. By Jurassic time (fig. 13, Nos. 25, 26),
an essential balance or equality in diversification was
reached between the two dominant elements, the Ar-
chaeogastropoda and the Mesogastropoda.

The Lower Cretaceous graphs give a poor idea of
the abundance of archaeogastropods. The graph (fig.
13, No. 23) of the Comanche fauna, based on Stanton’s
monograph, is a rather poor representation of the total
fauna. This is reflected by the rather wide discrep-
ancy between the percentage of genera and species.
The rather high representation of Archaeogastropoda
in the fauna of Baja California (fig. 13, No. 21) is an
artifact of the ecology with a fairly high representa-
tion of neritaceans that, along with Pyrazus and the
numerous cerithids, point to a strong very shallow
water or littoral element. The percentage of archaeo-
gastropod genera for any graphed Upper Cretaceous
through Tertiary fauna rarely exceeds 25 percent, and
the percentage of species is generally 20 or less, ex-
cept for the Maestrichtian of Belgium (fig. 13, No.
15) in which there is a strong development of patelli-
form species and which may reflect ecologic conditions.
In general the percentage of archaeogastropod genera
is 15 or less and reaches a consistent low of about 5-10
percent in the faunas of the Upper Cretaceous Zwzo-
gyra costata zone of Texas and the Mississippi embay-
ment.

The Mesogastropoda rose from total absence in the
Ordovician to about 25 percent of the total genera in
the St. Cassian Triassic (fig. 13, No. 28). During
the Jurassic they vied with the Archaeogastropoda
for dominance. They are firmly established as the
dominant prosobranch element in all the Cretaceous
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FIGURE 13.—Comparison of selected fossil gastropod faunas. Diagonal area, Archacogastropoda; blank area, Mesogastropoda; stippled area, Neogastropoda; straight lines,
percentage of Opisthobranchia relative to total fauna.

faunas graphed (fig. 13, Nos. 12-24) except for those
of the Campanian and Maestrichtian of the gulf
coast and Persia and at times make up as much as 70
percent of the total prosobranch genera (fig. 13, No.
12). The Cretaceous ascendancy of the Mesogastro-
poda is accomplished primarily at the expense of the
declining Archaeogastropoda.

One may note especially in the later Upper Creta-
ceous faunas that, although the mesogastropods re-
mained dominant, in general there is an increasing
representation of the Neogastropoda, with a tendency
toward balance between the two groups in many
faunas (fig. 13, Nos. 13-19). The most notable ex-
ception to the transitional nature of either balance

or of mesogastropod dominance is found in the gastro-
pod fauna of the Ewogyra costate zone of the gulf
coast (fig. 13, Nos. 7-10). These are the best pre-
served and most diversified of the late Upper Creta-
ceous gastropod faunas. In their high percentage (as
much as 50+) and dominance of the neogastropod
element, they show great similarity to the Tertiary
gastropod faunal balance (fig. 13, Nos. 1-6).

The picture presented by the graphs is one of
rather uniform change with time, and this lends sup-
port to the subdivision of the Prosobranchia into
these three coordinate orders.

Opisthobranch representation appears most constant
for the Tertiary faunas present, being generally about
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10 percent or more of the total. The rest of the faunas
show a greater spread from almost total absence espe-
cially in the Triassic and Jurassic faunas (fig. 13,
Nos. 25-30) to 20 percent or more in the gulf coast
(fig. 13, Nos. 7-10), Aachen (fig. 13, No. 16), and
Indian (fig. 13, No. 14) faunas of the Upper Creta-
ceous. Many of the figures would be even lower if
the Pyramidellacea and Epitoniacea were not included
in the Opisthobranchia. Some of the Cretaceous highs,
such as that for the fauna of India (15 percent) as
described by Stoliczka (fig. 13, No. 14), can be ascribed
to the presence in the fauna of a large number of
acteonellids. For the low percentages in other faunas,
two factors must be considered—that of actual spar-
sity and second that of technique of collecting. The
opisthobranchs generally have small fragile shells that
may frequently be poorly preserved, as in the bubble
shells like Bulla or in other genera like Scaphander.
The smaller forms may be easily overlooked even
though present. The constantly good representation
in the Tertiary is a reflection of recovery from un-
consolidated sediments, which is much simpler than
recovering such forms from more thoroughly lithified
rocks in which the shell material has been replaced.
The high representation in the Ripley fauna (fig. 13,
Nos. 8-9) is a result of washing of bulk samples of
the unconsolidated sands and picking the small shells
from the sieved residue. In this respect it is inter-
esting to note that although the opisthobranchs ap-
pear to be truly more poorly represented in the Trias-
sic faunas, the best Triassic representation is in the
Peruvian fauna described by Haas. This fauna has
an abundance of small forms that are silicified and
simple to recover. This fauna may indicate that opis-
thobranchs were more common during the early Meso-
zoic than is indicated by the literature.

The graphs lend credence to the statements that the
Upper Cretaceous was a time of blossoming and di-
versification for the Gastropoda. -Of all the faunas
such diversification appears to be best shown by the
fauna of the Kwogyra costata zone of the gulf coast.
With their predominant neogastropod element they
form something of a dress rehearsal for the develop-
ment of the large Tertiary gulf coast faunas and yet
they retain a Cretaceous aspect. In the fauna of this
zone in the Mississippi embayment alone there are
about 150 gastropod genera represented by 300 species.
This is the largest and, at the same time, the most
diverse Cretaceous gastropod fauna known. In spite
of the many forms that foreshadow early Tertiary
genera, such as Kephora, Pleisiotriton, Dolicholatirus
and the abundance of turrids (Amuletum and others)
and other typically Tertiary groups, we find distinet

TENNESSEE AND MISSISSIPPI

gaps. The cones, tons, and cypraeids, so common to
Tertiary faunas elsewhere, are not represented. This,
of course, may be partly related to the fact that those
groups are more typical of the tropic realms, as well
as to a lack of a coral-reef environment. In spite of
the many strong Tertiary leanings, the fauna retains
its Cretaceous aspect in its diversity of aporrhaids and
in its typically Cretaceous strombids, such as Pugnel-
lus. 'The volutes, although more common here than
is typical of most Late Cretaceous faunas, bear a dis-
tinctive Mesozoic stamp.

DEVELOPMENT OF THE GULF COAST LATE UPPER
CRETACEOUS GASTROPOD FAUNAS

Table 2 indicates that the gastropod fauna of the
Exogyra costata zone of the Mississippi embayment
has a high percentage of endemic elements. Of the
150 genera and subgenera represented, 42 genera or 28
percent are, as now known, restricted to the Gulf
Coastal Plain, and 46 genera or 37 percent are re-
stricted to the Gulf and Atlantic Coastal Plains. As
expected, the number of geographically restricted spe-
cies is considerably higher. Table 2 also shows that
some 23 percent of the genera are known only in the
span of time represented by the Exogyra costata zone.
With such a high degree of endemism, one must ask if
such a large number of genera are truly so restricted,
and where and how did this diversified fauna arise.
Such questions cannot at present be answered thor-
oughly, but evidence bearing on their solution is assem-
bled below.

At least in part the seemingly sudden development
of such a diversified and largely endemic gastropod
fauna can be viewed as a monographic burst in the
sense of Cooper and Williams (1952). This is amply
shown by the works of Stephenson (1941), Wade
(1926), and earlier papers by Gabb and Conrad that
dealt exclusively with the faunas of this zone on the
gulf coast. Related but stratigraphically more in-
clusive works are the reports on the Upper Cretaceous
faunas of North Carolina (Stephenson, 1923), Mary-
land (Gardner, 1916), New Jersey (Whitfield, 1892;
Weller, 1907; Richards and others, 1958). Unfor-
tunately the gastropod elements in faunas in the parts
of the section that are older than the Kzogyra costata
zone are either sparse or are, as in the New Jersey
faunas, represented generally as indeterminable in-
ternal molds. Thus our knowledge of the older
Upper Cretaceous gastropod faunas of the coastal
plains is sparse.

That this apparent burst of diversification is not
quite as sudden as the literature indicates is shown by
several gulf coast faunas that as yet have not been
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described. For example, the author has recently (1955
to present) been engaged in geological investigations
in the Chattahoochee River region of Georgia and
Alabama where an excellent Upper Cretaceous section
is exposed in bluffs along the river. In general, the
sediments consist of unconsolidated argillaceous sand
much like that of the Ripley Formation of the Mis-
sissippt embayment. The Upper Cretaceous part of
the river section (fig. 12), from the top in the Provi-
dence Sand down through the Ripley, Cusseta, Bluff-
town, and Eutaw Formations, contains well-preserved
fossils that range in age from Santonian to Maestrich-
tian. Preliminary studies of these faunas by the au-
thor have shown that the ranges of many of these
Exogyra costata zone genera can be extended well
down the column. Below the Santonian we find a dis-
tinct gap in the Turonian, which evidently is not rep-
resented, by fossiliferous rocks, at least on the east
gulf coast.

In Texas the Eagle Ford Formation is in good part
of Turonian age, but the Gastropoda are poorly
known and evidently poorly represented. The slightly
older late Cenomanian faunas of the Woodbine For-
mation have recently been monographed by Stephen-
son (1955), who described some 117 gastropod species
that are assigned to 47 genera. More than 55 percent
of the species belong in the Mesogastropoda (fig. 13,
No. 20). Such a balance compares more closely with
the Comanche faunas of Texas described by Stanton
(1947) (fig. 13, No. 23) than with that of the Exogyra
costata zone. Only 14 of the 47 gastropod genera
range upward to the Ripley fauna, and of these, 5
assignments are questionable and 7 of the genera
(GQyrodes, Twurritella, Euspira, Acmaea, Ringicula,
Anchura, Neritina) are long ranging and their mere
presence has little meaning.

In viewing the Woodbine fauna of Texas (Ceno-
manian), one is forced to the conclusion that it is
necessary to look elsewhere to find the true beginnings
of the fauna that is so richly developed in the late
Upper Cretaceous of the gulf coast. To this end, until
well-preserved gastropod faunas from the Turonian of
the gulf coast are found, we are forced to turn to the
Eutaw Formation of the Chattahoochee River Valley
of Alabama and Georgia. In 1955, the author in the
company of L. W. Stephenson visited a locality in a
new roadcut in northwestern Russell County, Ala. The
collections made then and subsequently (USGS 25567,
27065) have yielded a well-preserved fauna from the
uppermost units of the Eutaw Formation (Santonian).
Preliminary study of this fauna has yielded more
than 25 genera of gastropods. Of these about 50 per-
cent are Neogastropoda, a proportion like that of the
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typical Ripley fauna. Related species of such gen-
era common to the Ripley as Gegania, Calliomphalus,
Liopeplum, Acirsa (Hemiacirsa), Longoconcha, Stan-
tonella, Buccinopsis, Fulgerca, Paladmete, and Fusi-
mélis are present.

Whereas the Woodbine species of Twurritella, such
as 7. schuleri Stephenson, possessed nodose spiral
sculpture in the fashion of 7. serictimgranulata Roe-
mer and others from the Albian of Texas, the Eutaw
turritellids are of the lirate nonnodose type prevalent
through the Ewxogyra ponderosa and E. costata zones.

The combination of a dominantly neogastropod
fauna as well as the appearance of representatives of
such lineages as that of the lirate turritellas (7. quad-
rilia Johnson, 7'. trilira Conrad, 7. bilira Stephenson)
indicates that the Ripley fauna was developing at
least as early as the late Santonian and was not due
to a sudden blossoming in Ripley time nor neces-
sarily to a flood of new forms that came from some
other unknown area.

STRATIGRAPHIC VALUE OF THE GASTROPODS

For the most part little attempt has ever been made
to use the gastropods as an aid in correlation in the
Upper Cretaceous section of the Gulf Coastal Plain.
The one notable exception is that of the turritella
bilira zone proposed in 1955 by Stephenson as yet un-
published in a paper presented at the International
Geological Congress in Mexico City.

There were a number of reasons for ignoring gas-
tropods in the past. First of all, most obvious are
the facts that the oysters, both Ostrea and Ewogyra,
are common, large, and thus easily seen, and that they
occur widely in different lithologic facies. Secondly,
the ammonites, the traditional zonal markers of the
Mesozoic, are fairly common in the western gulf area
and, along with the oysters, have been used success-
fully in solving correlation problems. Third, the gas-
tropods at many places are so poorly preserved that
they cannot be identified precisely. Unlike the ost-
reids, their shells are composed primarily of aragonite,
which is much less stable than the calcitic shells of
the oysters and more easily dissolved. Commonly, as
in the Selma and Prairie Bluff Chalks, the shells are
found only as internal molds, whereas the associated
oysters retain their shells. Fourth, gastropods are
commonly not represented in some areas whereas they
may be exceedingly abundant in others.

Judging by the stratigraphic use that has been made
of the Gastropoda among the Tertiary faunas, one
might state positively that the potential usefulness of
Cretaceous snails is great. This potential must, how-
ever, remain untapped until much more is known of



160

the Upper Cretaceous gastropod faunas. In general,
workers in the past have assumed that most gastro-
pods had poor dispersal abilities. The works of Thor-
son (1946), Lemche (1948), and others on larval
forms have illustrated that at least some species may
have quite an extended free-floating larval life and
that under favorable circumstances dispersal can be
great.

That some species evidently did possess a consider-
able range is brought out by the distribution pattern
of such forms as the Maestrichtian species Turritella
forgemolli Coquand (= Nerinea quettensis Noelting,
Turritella morgani Douville). As pointed dut in the
discussion of the comparisons of the gulf coast Upper
Cretaceous Gastropoda with those of the rest of the
world, this species appears throughout the Tethyan
realm from Baluchistan to Algeria and also in Mada-
gascar and French West Africa. There also appears
to be an undescribed but very closely related, if not
conspecific, form in the Escondido Formation of Texas
and the Providence Sand of Alabama. Such a dis-
tribution in rocks considered to be of the same relative
age is rather astounding. It must be admitted that
such dispersal patterns, at least in the late Upper Cre-
taceous faunas, are rare and that intercontinental cor-
relations must rest primarily on the ammonites and
perhaps the planktonic Foraminifera.

The gastropods may, however, prove to be of con-
siderable usefulness in local correlations. In the Mis-
sissippi embayment region many forms have proved
to be sufficiently abundant and stratigraphically lim-
ited to be used in zonation. Several of these have
been included on the correlation chart (fig. 12). Some
of these range geographically from Texas to Georgia,
as does Turritella bilira Stephenson. This species in
addition is restricted to the higher beds. The Creta-
ceous gastropod faunal record on the east gulf coast
is good. Here a number of lineages, such as those of
the genera Urceolabrum, Calliomphalus, and Lowen-
stamia, and the Twrritelle quadrilira Johnson line,
have demonstrated that the gastropods can be used in
zoning the section. Subtle changes, such as the general
size increase upward in time with a greater develop-
ment of apical callus, have been noted in the species
Pugnellus densatus Conrad, through its range in the
Fxogyra costata zone in Mississippi and Tennessee.
Coordinate changes have been noted in the same spe-
cies from the same zone as far away as the Chatta-
hoochee River section in Georgia. With a detailed
knowledge of the gastropod fauna of the Ripley For-

mation of the Mississippi embayment, it is possible

to distinguish five levels in the 300 feet of the Ripley
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Formation section, provided, of course, that the sample
of the assemblage is sufficient. (See Sohl, 1960.)
Finally one must add that the small opisthobranchs,
perhaps the least known group, may offer the greatest
value as an aid in correlation for two reasons. First,
they are small enough to be commonly preserved where
other forms may be crushed and distorted; secondly,
because of size they can be recovered from well cores
and thus aid in downdip correlation; thirdly, their
free-floating larval stage increases their chance of
dispersal. On the East Gulf Coastal Plain the species
of genera such as Zikkuratia, Cylichna, Melanella,
Ringicula, and Creonella are to be found at the same
level from Georgia to Tennessee, and future work will
probably indicate a greater geographic range.

COMPARISON WITH MARINE UPPER CRETACEOUS
GASTROPOD FAUNAS OF OTHER AREAS

Stephenson (1941, p. 34-46) discussed the distribu-
tion of the outcropping Maestrichtian and late Cam-
panian marine rocks throughout the world. He em-
phasized correlation and paleontologically dealt pri-
marily only with forms common to given areas and
did not discuss relationships of the faunas as a whole.
The gastropod faunas and their paleogeographic rela-
tionships are emphasized here and the discussion is not
necessarily restricted to the Maestrichtian alone.

An inspection of the graphs of the Upper Creta-
ceous faunas shown in figure 13 shows that marked
changes occur in the balance or the proportions of the
groups represented in the gastropod faunas in areas
away from the East Gulf Coastal Plain. The dis-
tribution of genera (table 2) gives an indication of
how few of the gastropod genera present in the Mis-
sissippi embayment fauna of the Ezogyra costata zone
have a wide dispersal. Although even at a generic
level, faunas from widely separated places may be
different, many show quite a similar aspect. This
similarity is probably a reflection of similar environ-
mental conditions.

The faunas of the Ewogyra costata zone from this
eastern part of the Mississippi embayment lived
primarily on a sand bottom having a moderate amount
of intermixed mud. The water was relatively shallow
and, although fluctuating to a minor degree, the tem-
perature probably was subtropical to temperate
throughout the time interval. Both the infauna and
the epifauna were large, with a faunal balance much
like that of the early Tertiary faunas of the gulf
coast.

As a whole the Cretaceous gulf coast may be thought
of as a temperate to subtropical clastic province al-
though locally at certain times impure chalks were
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dominant, as in central Alabama. In contrast, im-
mediately to the south in the Caribbean region, south-
ern Florida, and Mexico a probable tropical belt was
characterized by dominantly carbonate sediments. This
carbonate belt contains a different fauna dominated
by rudistid pelecypods and their associates, the acte-
onellid and nerineid gastropods. It has long been
known that this belt of rudistid development is co-
extensive with the old Tethyan seaway. With the dis-
covery by Hamilton (1953, p. 204) of Upper Creta-
ceous rudistids on Pacific seamounts, we find that a
plot of the distribution of rudistids delimits a circum-
equatorial belt paralleling, over most of its extent, the
present-day distribution of the reef building corals
(Termier and Termier, 1952, maps 27 and 28). This
probable tropical belt, bordered on the north and on
the south by subtropical and temperate belts, domi-
nates the paleogeographic picture of the Upper Cre-
taceous and to a great extent governs the type of
fauna to be found. Although this zonation parallels
the temperate zonation of the present the temperate
belt probably extended farther north than at present.

Several Cretaceous faunal provinces are more or
less discernible the world over. Certainly there is an
Indo-Pacific province in which the same genera and
some species occur in Peru, Chile, New Zealand, In-
dia, Japan, and California. These provinces in turn
may be divided, as is shown by the close similarity
between many elements of the California, Alaska,
and Japanese faunas, or between the Chilean and New
Zealand faunas. Another province, called the Mediter-
ranean or Tethyan, is in itself a complex unit owing
to numerous facies developments, but it does exhibit
a certain amount of cohesiveness because it probably
served as a pathway for migration. Again West
Africa and Brazil might be set aside as a province.
Arguments both for and against such divisions exist.
In total the Upper Cretaceous climatic zonation does
not appear to have been exceedingly different than
that which we have today and the faunal affinities for
many of the areas considered are similar to those of
the present.

GULF COASTAL PLAIN

When the Ripley and Owl Creek fauna of the Mis-
sissippi embayment is compared with that of the re-
mainder of the East Gulf Coastal Plain, one is forced
to admit that a great similarity exists. Throughout
western and central Alabama the chalk facies domi-
nates and, with the exception of the oysters, preser-
vation is poor, thus close comparison of the faunas
is impractical. In the clastic or sand facies in eastern
Alabama and in the Ripley Formation of the Chatta-
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hoochee River region, however, the gastropod fauna
is an essential duplicate of that in Mississippi. Like
the Owl Creek Formation of Mississippi, the correl-
ative Providence Sand of Alabama and Georgia con-
tains a fauna in which pelecypods outnumber the
gastropods both in diversity and in individual abun-
dance and even on a specific level there is uniformity.

Westward toward Texas closely similar gastropod
faunas are to be found in the Owl Creek Formation
of Missouri (Stephenson, 1955) and in the Ripley
(Nacatoch Sand) equivalents in Arkansas. In general
the similarities are great in both the gastropod and
pelecypod segments of the Navarro Group fauna of
Texas as discussed by Stephenson (1941). The appar-
ent differences in species between the Texas and the
Tennessee and Mississippi areas are artifacts of too
stringent a taxonomy and an evident belief on the
part of some workers that gastropods had very nar-
row dispersal limits. In essence many of the re-
ported differences can be laid to too narrow defini-
tions of species. Perhaps the most noticeable real
difference in the faunas of the two areas occurs in
the Cephalopoda. Although all the Mississippi, Rip-
ley, and Owl Creek ammonite species occur in Texas,
with perhaps the exception of the narrowly limited
carinate baculites (Baculites carinatus Conrad), the
Texas faunas have in addition a variety of hetero-
morphs not to be found in the Mississippi embayment
area.

Much more significant changes are noticeable when
the Ewxogyra costata zone is traced to the south in
Texas. The Escondido Formation is considered by
Stephenson (1941) and Stephenson and others (1942)
as a southern equivalent of the Kemp Clay (= Owl
Creek Formation in part). Although most of the
species present are the same as those of the Kemp
Clay the proportion of the groups represented are
different. Pelecypods are probably the most numer-
ous elements of the Escondido fauna. Cephalopods
of the Sphenodiscus type are abundant, and Co-
ahuilites, a sphenodiscid that is more typically a Mex-
ican element, appears. Among the gastropods, gen-
era such as Stontonella, Buccinopsis, and Liopeplum,
as well as certain species of the ubiquitous ZTurritella
and Gyrodes, show a distinct affinity to the east gulf
coast fauna. On the other hand, new species of these
genera as well as genera not represented elsewhere
on the gulf coast are present. As noted below in the
discussion of the Mexican faunas, the character of
the faunas appears to change consistently southward.
These changes in the Escondido may reflect a closer
approach to the warmer seas in which carbonate depo-
sition was prevalent.
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ATLANTIC COASTAL PLAIN

Equivalents of the Ripley and Owl Creek Forma-
tions are found widely scattered along the Atlantic
Coastal Plain from South Carolina to New Jersey.
Nowhere are they as richly fossiliferous as are the
formations of the Mississippi embayment. The most
diversified fauna is probably that of New Jersey,
but comparisons with this fauna are difficult, because
the mollusks generally are preserved as internal molds.
Sufficient evidence exists to indicate that Gulf and
the Atlantic Coastal Plains provinces had free access
to one another during this time and that peninsular
Florida did not serve as a barrier, although it was
in a dominantly calcareous province rather than in a
clastic province (Applin and Applin, 1944).

The fauna from the Black Creek and Peedee For-
mations of North Carolina, described by Stephenson
(1923, 1927), is dominated by the pelecypods. Of
the 181 species and subspecies of mollusks Stephen-
son described (1923, p. 37) only 29 were gastropods,
and most of these were restricted to the Snow Hill
Marl Member of the Black Creek Formation (Zwzo-
gyra ponderosa zone). The gastropods as well as the
pelecypods show a strong affinity for the gulf coast
faunas and are especially close to those of the Chatta-
hoochee River region (Stephenson, 1923, p. 46).

The Monmouth Formation of Maryland has yielded
a well-preserved mollusean fauna. Like the molluscan
fauna of North Carolina it is dominated by pele-
cypods (170 species of a total of 262 molluscan spe-
cies, Gardner, 1916). The classic locality at Bright-
seat, Md., in the Monmouth Formation has yielded
an especially well preserved fauna that appears to be
equivalent to that of the Owl Creek Formation. At
this locality a moderate number of gastropod species
oceur, but almost all are represented by only a few
specimens. On the other hand, the pelecypods far
outnumber the gastropods in diversification and num-
bers of individuals. The gastropods that are present
at Brightseat show strong affinities for gulf coast forms
even on a specific level.

Close comparison of species between the Cretaceous
gastropods of New Jersey and the gulf coast is al-
most impossible because most New Jersey species are
based on internal molds. Most recognizable genera
that occur in the New Jersey Cretaceous are also
common to the gulf coast. The diversification and
abundance of gastropods is greatest in the Mount
Laurel and Navesink (Ewogyra costata zone) part
of the section. In addition, Weller (1907, p. 132)
pointed out that the gastropod-pelecypod ratio of
species in these formations is almost equal. In the
other formations of the New Jersey Upper Creta-
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ceous section, pelecypod species are at least twice as
abundant as are the gastropod species.

Weller (1907, p. 133) pointed out that the common
occurrence of belemnites and terebratuloid brachiopods
in New Jersey is distinctive. These elements he consid-
ered as being introduced from northern Europe. There
appears to have been no southern source, as such ele-
ments are exceedingly rare in the gulf coast faunas.
This may be a reflection of temperature differences.
In spite of these exotic elements, when the presence
in the New Jersey fauna of such geographically re-
stricted gastropod genera as Remera, Pterocerella,
Longoconcha, Drilluta, and others is considered, we
must of necessity include New Jersey within the same
faunal province as that of the gulf coast. The simi-
larity to the gulf coast fauna would no doubt increase
if better preserved material were to be found in New
Jersey.

With such similarities in the gastropod faunas from
Texas to New Jersey one must conclude that they
belong to a single faunal province that grades south
through Texas, as exhibited by the transitional Es-
condido Formation, into a warmer water or tropical
fauna. Northward along the Atlantic Coastal Plain,
the molluscan fauna is generally dominated by the
pelecypod elements. This may indicate a change to
slightly cooler waters, which in turn may account
for the presence of the numerous belemnites and
brachiopods.

It is also interesting to note that the greatest di-
versification of gastropod faunas in this province oc-
curs in the lower parts of the Fwogyra costata zone
as exhibited by the Ripley, Nacatoch, and Mount
Laurel and Navesink Formations. At that time the
number of gastropod species was virtually in balance
with or may have exceeded the number of pelecypod
species. Higher in the zone, as represented by the
faunas of the Kemp Clay of Texas, the Owl Creek
Formation of Mississippi, the Providence Sand of
Georgia, the upper part of the Monmouth Formation
of Maryland, and the Tinton Sand Member of the
Red Bank Sand and Red Bank Sand of New Jersey,
the pelecypods gain dominance over the gastropod
elements. It is interesting to speculate on correlation
between the trend in increasing dominance of the
pelecypods with the general trend of decreasing tem-
perature through the latest Cretaceous that has been
postulated by Lowenstam (1954, p. 268).

WESTERN INTERIOR

Stephenson and Reeside (1938) dealt with correla-
tion and faunal comparisons between the gulf coast
and western interior. In the main, with the exception
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of local occurrences, the gastropod fauna of the west-
ern interior is rather poorly developed. Genera
common to both areas are listed on table 2.
Reeside, 1957, summarized the paleogeography of
the Cretaceous of the western interior. On page 539,
he stated
As noted above, a succession of faunas, chiefly mollusean and
none yet thoroughly studied, marked these late Campanian and
Maestrichtian seas. These faunas are perhaps best character-
ized by the succession of species of the straight ammonite
Baculites and of the scaphitid ammonites. Some have close
relatives in the Gulf region, in Canada, and in western Eu-
rope, which suggests relatively free communication of marine
waters and widespread similarity of conditions. However, the
interior faunas have a provincial aspect that suggests the
presence of a considerable endemic, or perhaps boreal, ele-
ment, so much so that the presence in a few zones in the
southern part of the interior of a few species identical with
those of the gulf region is a marked feature. Among the
gastropods the number of species common to the two regions
is small in comparison to the total fauna.

Many of the most characteristic elements of the Ewo-
gyra costata zone fauna are absent. As pointed out by
Reeside, the fauna has not been thoroughly studied.
When a concentrated effort is made there is consider-
able likelihood that there will be a significant change
in the appraisal of the gastropod elements. The pub-
lished record cites only such forms as Euspira recti-
labrum (Conrad) and Capulus spangleri Henderson
as oceurring in common.

The collections of the Geological Survey from the
western interior Cretaceous, however, do contain many
undescribed forms that are closely related to or con-
specific with Gulf Coast species. Such genera as
Calliomphalus (Calliomphalus), Calliomphalus
(Planolateralis), Graphidula, Acirsa (Hemiacirsa),
Morea, Ptychosyca, Astandes, Bellifusus. Remera, Lio-
peplum, Amuletum, Beretra. Ringicula, and Bullop-
sis are represented though previously unreported. An
intensive collecting campaign would most likely bring
many more to light. None the less, gastropods still
remain a lesser element of the fauna in total and
the ratio of abundance of gastropods to pelecypods
to cephalopods is, with few exceptions, decidedly dif-
ferent than on the Gulf Coast. Cephalopods com-
monly dominate the interior fauna, whereas pelecy-
pods and gastropods dominate the Campian-Mae-
strichtian east gulf coast faunas.

MEXICO AND CENTRAL AMERICA
The Escondido Formation is present in northern
Mexico and bears the same fauna as it does in Texas.
In general the gastropods bear great similarity to
those of the Kemp Clay of Texas and to other equiv-
alent beds of the gulf coast in general. Somewhat
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lower in the section (Ewogyra ponderosa zone) the
Difunta Formation (Imlay, 1937) bears a fauna with
definite affinities with the gulf coast. Aside from
specifically indeterminable specimens of Morea, Pug-
nellus, and others we find such forms as /donearca
wadei Imlay and Cymella bella Conrad. The source
of the fauna is certainly not wholly the gulf coast,
however, as forms like Lissapiopsis find their affinities
with more tropical genera.

In east-central Mexico a fauna of Campanian and
Maestrichtian age was found in the vicinity of Car-
denas in the State of San Luis Potosi (Bose, 1906).
In this fauna the gastropods are generally dominated
by the acteonellid and nerineid elements associated
with a rudistid fauna much more characteristic of the
Caribbean area than of the gulf coast. Interbedded
with these, however (see Imlay 1944, p. 1138), are
collections that have yielded faunas surprisingly simi-
lar to those of the Nacatoch-Ripley type. Such typical
Ripley gastropod genera as Hercorhyncus, Liopeplum,
Pugnellus, Morea, Beretra, Longoconcha, Sargana,
Bellifusus. Drilluta, and others are represented in
collections (USGS Mesozoic colln. 27175, 28172,
28178) from beds that were evidently not considered
by Bése (1906). About 300 miles farther south in
Guerrero the gastropods Nerinea and Acteonella were
present during the Coniacian and Santonian (Bose,
1923, p. 191-208, pls. 13-17). In both areas the faunas
are commonly dominated by tropical gastropods, al-
though they contain both pelecypod and cephalopod
elements of more northerly affinities.

In southeastern Mexico thoroughly tropical rudis-
tid facies are present. The presence of elements of
the Titanosarcolites fauna of the Caribbean in south-
ern Mexico was noted by Milleried (1934, 1936),
Stephenson (1922), MacGillavry (1934), and Chubb
(1959), but they have scarcely mentioned the associ-
ated mollusks. Imlay (1944, p. 1016) summarized the
Cretaceous occurrences in Honduras and Guatemala,
but no information on gastropod faunas has been pub-
lished.

CARIBBEAN AND WEST INDIES

Thick sequences of Upper Cretaceous rocks have
been known for many years in the Greater Antilles
and Trinidad. The presence of varied Campanian
and Maestrichtian rudistid faunules has been well
shown by Whitfield (1897a, 1897b), Trechmann (1924,
1927), MacGillavry (1937), Palmer (1933), and others.
Aside from occasional reports of a few ammonites
(Spath, 1925; Reeside, 1947) the rest of the Mollusca
have been neglected. The Palmer collections from
Cuba in the U.S. National Museum show that the
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Upper Cretaceous fauna is large, although its preser-
vation is variable in quality. Among the gastropods,
nerineids and acteonellids are generally present. An-
chura and other genera occur occasionally but most of
the fauna has an endemic aspect. The same holds true
for collections made by the author in Puerto Rico.
(See table 2.) In general these collections bear little
resemblance to those of the United States gulf coast,
but one collection from the south coast of Puerto Rico
near Central Aguirre contains several species in com-
mon with the gulf coast, namely Zwurritella trilira
Conrad, Zwrritella bilira Stephenson, Cerithium cf.
C. nodoliratum Wade, and Hamulus onyx Gabb. At
most localities in Fuerto Rico where gastropods occur
in any great numbers the nerineids and acteonellids
are almost always more abundant than the other gas-
tropods. The naticids are next most common. In both
the Puerto Rican and Cuban collections the gastropod
shells tend to be massive and thick, as one might ex-
pect in the agitated warm water near reefs.

The fauna of the Caribbean region indicates en-
vironmental isolation from the gulf coast. No promi-
nent geographic barriers are known and the opportunity
for interchange between the two regions should have
been great, yet few exchanges of species are known.

WEST COAST

Only about 21 California Upper Cretaceous gastro-
pod genera, far less than half the total number present,
occur in common with the equivalent gulf coast faunas
(Gabb, 1864; Stewart, 1927; and others). With the
exception of the four genera—Paladmete, Dircella,
Margaritella, and Anisomyn—all are long ranging and
so widely dispersed that their presence in the Califor-
nia fauna is not indicative of any close relationship
with other regions. Many of the described genera are
restricted to the Upper Cretaceous of the west coast.
Tessarolax, Biplica, Liocium, Lysis, Sycodes, Haydenia,
and others all show the strong endemic nature of the
gastropod fauna. Recent studies by Popenoe (written
communication, 1958) of the large gastropod fauna of
the Redding area of California corroborate the en-
demic aspects of the gastropod fauna. Of special note
in this Redding fauna is 7rophon condoni White (1889,
p. 21) that generically closely approximates the char-
acters of Sargana Weller. Sargana is known only
from the Gulf and Atlantic Coastal Plains; from
Coahuila, Mexico; and from the Senonian of Pondo-
land, South Africa. White’s species is from a lower
stratigraphic position than the known range of Sargana
and may be ancestral to Sargana. The presence of a
few related species of Pugnellus (Gynmarus), of
volutes of the Volutoderma stock, and the evident
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common ancestry of Twrritella chicoensis Gabb and
Twrritella vertebroides Morton (Merriam, 1941, p. 38)
show a common source for certain elements in the
Upper Cretaceous fauna of the gulf coast, the western
interior, and the Pacific coast. Allison (1955, p. 404,
405) pointed out that middle Albian connections ex-
isted between the gulf coast region and Baja Califor-
nia. The above similarity of some forms, then, does
not necessarily indicate a free intermixing of faunas,
but a potential common ancestry of a few hardy stocks,
perhaps Albian or Cenomanian in age, that may have
evolved separate lineages owing to isolation from a
common source.

Anderson (1958, p. 74) has listed a number of
species, primarily ammonites, that he considered
closely related to gulf coast and western interior
species. The stated similarities need further verfica-
tion before acceptance. In spite of noted similarities
to either the gulf coast or western interior, the west
coast Upper Cretaceous Molluscan faunas bear closest
affinities to the faunas of Alaska and Japan. In spite
of its many endemic elements the fauna appears to be
definitely Indo-Pacific in makeup. This relationship
is well displayed by the occurrence of Eubaculites, a
form found throughout this region in Chile, Pern,
Southern India, western Australia, Madagascar, Japan,
and Vancouver Island, as well as California (Matsu-
moto, 1959).

SOUTH AMERICA

Described late Late Cretaceous faunas are widely
scattered throughout South America. In general, the
representation of the Gastropoda is small. Both Steph-
enson (1941) and Olsson (1944) have given general-
ized accounts of the various faunas in relation to their
specific problems.

Steinmann (in Steinmann and others, 1895) pointed
out the similarities of the fauna of the Chilean Quin-
quirina-schichten with those of the Indo-Pacific region.
This holds true not only for the ammonites but for the
other mollusks as well (Wilckens, 1904 ; Wetzel, 1930).
Among the gastropods there is a distinct lack of
nerineid and acteonellid elements, indicating that the
fauna was probably a warm temperate or temperate
fauna. To the north in Peru, a warmer water origin
is indicated for faunas of the Paita region described
by Olsson (1944). Olsson (1944, p. 23) stated “With
northern Peru, the affinities of the Chilean Cretaceous
is not nearly so close as we would have expected from
* % * the widely distributed character of the Indo-
Pacific ammonite fauna.” The Peruvian fauna has
an entirely different faunal balance, ammonites are
few, and the number of gastropod genera (39) is al-
most equal to that of the pelecypods (42). Many of
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the gastropods are restricted or endemic forms and for
this reason are of small value for comparison with
outside areas. Their distinctive character may well
be heightened by the fact that a large number of them
appear to be large sized highly ornamented brackish-
water forms. These are especially abundant in the
Tortuga fossil beds of Olsson (1944, p. 15) of prob-
able Maestrichtian age.

The pelecypod fauna of the Paita region points to
Caribbean affinities as shown by the presence of
Durania (= Sauvagesia of Olsson) in the radiolite
sandstone and of Pseudocucullaea in the Baculites
beds. The latter genus is known from India(?),
Equatorial West Africa, Brazil, Venezuela, and Peru
(Darteville and Freneix, 1957, p. 42). In addition,
Pseudocucullaea has also been noted by the author in
Puerto Rico (in Mattson, 1957, p. 67) and in the
Palmer collections from Cuba in the U.S. National
Museum.

These similarities to the Caribbean faunas support
Olsson’s opinion that the Peruvian fauna is tropical.
Thus the relationships between the Chilean and Peru-
vian gastropod faunas mirror those between the United
States Upper Cretaceous gulf coast and the Caribbean
region.

Of the 39 gastropod genera represented in the Peru-
vian fauna, only 10 appear in the gulf coast Cam-
panian and Maestrichtian faunas and the identification
of several of these is tenuous. 7'wrritella bilira Steph-
enson finds an analog in Mesolia jonja Olsson. 7.
trilira and 7. saposa Olsson are very close, but few
other species appear closely related.

Campanian and Maestrichtian sedimentary rocks are
present in Colombia and Venezuela, but as yet their
faunas are almost unknown except for a few ammo-
nites and rudistids. Therefore, there is little basis for
a comparison with the other faunas except to say that
as far as known the Colombian and Venezuelan faunas
are similar to the Caribbean faunas and show little if
any relationship to the gulf coast Upper Cretaceous
faunas.

The Cretaceous fauna of Brazil has yielded few
gastropods (White, 1888; Maury, 1939), and those
present show little if any similarity to the gulf coast
gastropod faunas. There are few genera (see table 2)
and no gastropod species common to the two areas. On
the other hand, Darteville and Freneix (1957) have
pointed out many similarities in the pelecypod faunas
between Brazil and Equatorial West Africa.

EUROPE

The widespread Late Cretaceous seas of Europe can
be divided into two primary areas. One area is that
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of the chalk sea or northern platform. Over this area
from Ireland to the Caucasus were deposited chalks
of variable but commonly great purity. Generally the
chalk was deposited at moderate depths and becomes
less pure away from the center of the basins. Clastic
or detrital facies developed at the basin margins. The
second area—including the Pyrenees, northern Italy,
the Alps, and their eastward continuation through the
Balkans to the Caucasus—formed an elongate gen-
erally east-west trending trough, the Tethyan geosyn-
cline. This structurally active and complex trough
contrasts greatly with the stable shelf area to the north,
and its fauna likewise is decidedly different. The
various facies of this trough have been succinctly
characterized by Willis (1952, p. 51) as follows:
Several facies are characteristic: deeper water pelagic am-
monite shales (Scaglia); rudist limestones of shallow wa-
ters and reefs; more open sea white limestones; and breccias,
detrital sandstones and shales and even lagoonal deposits
(Gosau or Cretaceous flysch facies) derived from rising
cordilleras.

The sharp faunal distinctions between these two
areas as well as differences between the facies of each
has led to much difficulty in correlation. The northern
chalk faunas are zoned on the basis of a number of
forms, including echinoids, crinoids, inoceramids,
belemnites, and locally the ammonites. In contrast to
the United States gulf coast, the oysters (Woods,
1899) are generally too long ranging to be of great
value. When one tries to carry these zones from the
chalk area into the Tethyan area, exact correlation
becomes difficult, because many of the forms, as ex-
emplified by the belemnites, are almost entirely re-
stricted to the northern province (Haug, 1908; Gig-
noux, 1950). The same difficulty holds true for
attempts to carry the Tethyan zones to the north.
For example, both the rudistids and the reef-building
corals (Vaughan and Wells, 1943, p. 72) of the Tethys
become increasingly infrequent northward, although
Neverson (1955, p. 545) noted the presence of the
rudistid genus Durania in England.

Gastropods are only locally common in the chalks.
Neverson (1955, p. 510) recorded an abundance of
gastropods in the lower part of the Senonian in the
English chalk, but it is in the marginal sand facies
that gastropods are most abundant and most diverse.
Such occurrences are described throughout the litera-
ture dealing with the Cretaceous of Europe, but the
most notable are those of the Aachen sands (Holzapfel,
1888) of Germany and the Maestrichter Kreide
(Binckhorst, 1873; Kaunhowen, 1898).

The Aachen sands have yielded a varied fauna of
gastropods and pelecypods (126 genera according to
Chavan, 1946, p. 196). Although of considerably
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older age (lower Senonian, Scaphites hippocrepis and
Actinocamax zones) than the Ripley fauna, the
Aachen fauna is that of a near-shore clastic facies.
The general aspect of the Aachen gastropod fauna is
much like that of the Ripley fauna of the Mississippi
embayment area but the number of gastropod genera
common to the two areas is relatively small. These
similarities can be ascribed to the similarity of the
environment. Even to the description of the litholo-
gies represented, the similarity is striking (Holzapfel,
1888; Bohm, 1885). Interstratified irregularly bedded
sands and plant-bearing clay lenses and fossiliferous
greensands compose the Aachen sections, as they do
that of the Ripley Formation of northern Mississippi.
Another striking parallel is that of the abundance and
diversification of the opisthobranchs present. This
may be a reflection of the ease of recovery from the
loose sands, much as it is one explanation for their
abundance in the Ripley fauna. In addtion, volutes
with Volutoderma-like species are present, as well as
similar fasciolariids, cancelariids, aporrhaids, cerithiids,
and trochids. Perhaps the greatest disparity is in the
presence of a few acteonellids that were evidently
migrants from the Tethyan belt and in the Zurritellas
that possess sculpture lirae of a type more typical of
the earhier turritellids than those of the Campanian
and the Maestrichtian.

The following list indicates the genera common to
both areas. With better illustrations, descriptions or
type material for comparison, perhaps the list would
be increased.

Urceolabrum (Liotia of Holzapfel)

Damesia

Astandes (Tritonium cretaceum Miiller)
Turritella

Laxispira

Capulus

Cerithium

Xenophora

Trichotropis

Pseudomalaxis? (Discoheliz simplex Holzapfel)
Arrhoges (Latiala) (Lispodesthes schlotheimi Roemer)
Helicaulax

Euspira (Lunatia and Amauropsis of Holzapfel)
Gyrodes

Pyrifusus (Strombus fenestratus Miiller)
Drilluta? (Volutilithes subsimplicata Holzapfel not d'Orbigny)
Hercorhyncus (Rapa monheimi Miiller)
Boltenella? (Hemifusus cornatus Roemer)
Pyropsis (Tudicla quadricaringta)
Palcopsephaea (Volutilithes nana Miiller)
Cancellaria?

Cylichna

Tornatellaea (Acteon miilleri Bosquet)
Nonacteowina (Acteonella lineolata Reuss)
Ringicula

Eulima

TENNESSEE AND MISSISSIPPI

Some of the species assigned by Holzapfel to Eutro-
chus may well belong in Calliomphalus, but like a
number of other forms insufficient information is
available for a definite assignment. As represented,
the list of genera in common is imposing and is not
just a matter of long-ranging and widely distributed
genera.

The Turonian Gosau fauna (Zekeli, 1852, Stoliczka,
1865) although closer geographically to the Aachen
Cretaceous fauna is more dissimilar than the Aachen
fauna is to the Ripley fauna of the gulf coast. This
dissimilarity can be accounted for primarily on the
basis of environmental differences. The Aachen fauna
represents an environment parallel to that of the
Ripley fauna at the gulf coast, a temperate to sub-
tropical shallow-water clastic facies, whereas the
Gosau beds represent the shallow-water tropical car-
bonate Tethyan facies.

The works of Binckhorst (1873) and Kaunhowen
(1898) on the Limberg-Maestrichter Kreide affords
another view of the northern fauna with an age closer
to that of the Ripley and Owl Creek Formations. The
units involved here have yielded Sphenodiscus and
Paorapachydiscus, as well as Belemnitella mucronata
(Schlotheim) (Bohm, 1898) and thus are considered of
Maestrichtian age. In general Kaunhowen’s Limberg
fauna is neither as well preserved nor as diversified
as the Aachen fauna described by Holzapfel, and rela-
tionships could be more easily decided if the descrip-
tions and illustrations were of better quality. The
fauna may well represent somewhat shallower water
conditions than that in the Mississippi embayment
area; it contains a proportionally large fissurellid
element, indicating somewhat different bottom condi-
tions that afforded these rock clingers a habitat.
Compared with the gulf coast faunas we find the
Limberg fauna to be more heavily dominated by the
mesogastropod elements. A large proportion of all
the genera, however, occur in common. Among the
more narrowly restricted genera we find Lawispira, a
possible Astandes, an Ornopsis, and some cerithids
similar to Ripley types. Several closely related species
also occur, among which the following show striking
similarities:

Trochus rimosus granulata Kaunhowen__Calliomphalus (Cal-
liomphalus) americana Wade

Turritella plane Binckhorst (1873, pl. 3, figs. 12-14)__Turri-
tella chalybeatensis, Sohl

Aporrhais (Cultigera) propinqua Kaunhowen__Pterocerella
poinsettiformis Stephenson
Aporrhais (Arrhoges) pelecyphora Kaunhowen__Arrohoges

(Latiala) lobata (Wade)

Elsewhere in the sand facies of the chalk seas, simi-
lar forms have been noted as occurring in northern
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Germany and Bohemia and have been well illustrated
by Weinzittle (1910) and others. These shallow-water
faunas all show a stmilar balance and appearance but
occasionally include a few nerineids or acteonellids as
a reminder of the proximity to the Tethyan sea.

One of the best representative gastropod faunas of
the European Tethyan facies is that of the Gosau beds
of upper Austria (Zekeli, 1852; Stoliczka, 1865). Few
genera occur therein that are common even to beds
of similar age in the chalk seas of northern Europe.
Comparison with the gulf coast gastropod fauna is not
only extremely difficult because of the disparity in age
(Turonian as compared to Campanian-Maestrichtian)
but because of environmental differences. The Gosau
beds according to Vaughan and Wells (1943, p. 72)
were one of the greatest reef developments in the
Upper Cretaceous. The pelecypods (Zittle, 1865) ap-
pear to be more tolerant of variation in environmental
factors than are the gastropods and, with the excep-
tion of the rudistid elements, they are much closer in
aspect to those of the gulf coast. Only about nine
genera of gastropods occur in common between these
two areas, but a modern revision of the fauna might
indicate a few more. As one would expect in a reef
environment, one of the more striking features of the
fauna is the abundance of acteonellid and nerineid
elements. In addition there is an unusually great
diversification of large ornate cerithiids. The large
size attained by most of the species suggests warm
waters with abundant calcium carbonate and the thick-
ness of the shells suggest well-agitated waters as might
be expected in the vicinity of reefs.

AFRICA

The faunal relationships between north and south
Africa parallel those between the northern and south-
ern parts of South America. The north African
faunas are related to those of the Tethyan realm,
whereas those of south Africa and Madagascar appear
to be closer to those of southern India but also possess
some elements that are strikingly similar to those of
the gulf coast.

NORTH AFRICA

Gastropod faunas have been well documented from
Tunisia and Libya, but in general, little similarity to
gulf coast faunas exists. Even on a generic level few
gastropods appear to be similar. (See table 2.) It is
worthy of note, however, that these faunas, although
Tethyan in aspect, do not appear to be dominated by
abundant nerineids, acteonellas, or rudistids, although
such elements are present.

A large number of species in the Tunisian faunas
(Thomas and Peron, 1889; Pervinquiere, 1912) are
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based on indeterminable internal molds. Even on the
basis of such molds one is forced to admit that, al-
though a few species are similar, the faunas are quite
distinet from those of the gulf coast. A most striking
similarity, however, is the presence of Twrritella for-
gemoli Coquand, a species typical of the north African
and Tethyan faunas, which ranges from Algeria to
Baluchistan in Maestrichtian equivalents. This species
finds an analog or closely comparable species in an
undescribed turritellid in the Escondido Formation of
Texas and the Providence Sand of Alabama. Scalaria
desortorum Wanner and Scalaria calamistrata Wan-
ner described from the Libyan faunas, but also present
in Tunisia, appear to belong to Striaticostatum; the
latter species is closely related to S. congestum Sohl
from the Prairie Bluff Formation.

The Libyan faunas as described by Wanner (1902)
and Quass (1902) are somewhat better preserved in
general than are those of Tunisia and show a few
additional similar species in the beds bearing Fzogyra
overwegi and Libycoceras. The former is a probable
synonym of E. costata and the latter appears to be
analogous to or closely related to Sphenodiscus. Be-
sides the species mentioned above, which occur in both
Tunisia and Libya, Turritelle quadricinta. Goldfuss of
Quass 1s similar to 7. veriebroides Morton and 7.
(Zaria) figarii Quass is very close to 7. trilira Conrad.
In addition Lawxispira appears to be represented by
Vermetus libycus Quass. There are a number of other
common genera represented from these areas (see
table 2), but, generally, they are widespread forms
and the representative species are not closely similar
to those of the gulf coast.

WEST COAST OF AFRICA

The recent works of Riedel (1932), Rennie (1929),
Cox (1952), Darteville and Brébion (1956), and
Darteville and Freneix (1957) have afforded a fine
picture of the Upper Cretaceous faunas of the West
Coast of Africa from the Gold Coast to Angola. Al-
though many of the species are known only from
material too poorly preserved to be certain even of
generic placement, a number of others do appear to
belong to genera common to the gulf coast. (See
table 2.) Of the 26 gastropod genera in common, sev-
eral appear to occur nowhere else except on the gulf
coast and on the West Coast of Africa. Fusimilis
aurilitaralis Cox appears to be a true Fusimilis, but
the application of such generic names as Nudivagus,
Ornopsis, and Paleopsephaea to species of west Africa
appears to be highly questionable. The presence of
some genera, of which the pelecypod Pseudocucullaca
Solger is a good example, shows that there was direct
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access to northern South America and the Caribbean.
Darteville and Freneix (1957, p. 223-228) summarized
the relationships of the pelecypod faunas and conclude
that the closest relationships are with the faunas of
north Africa, but there are also startling similarities
to those of South America. The gastropods on the
other hand are more localized in development.

SOUTH AFRICA

The faunas of South Africa, especially those of
Pondoland (Woods, 1906; Rennie, 1930), bear the
same relationship to the faunas of north Africa as
those of Chile do to those of Peru and the Caribbean.
That is, the distinctive Tethyan flavor retained in the
West Coast African faunas has disappeared to a con-
siderable extent in those of South Africa. On this
basis alone, although more distant, one might expect
the Senonian faunas of Pondoland to appear closer to
those of the gulf coast than do those of the geographi-
cally closer north or west African faunas. They are
similar and more so than one would suspect. Stephen-
son (1941, p. 45) listed a series of molluscan species
he considered analogous or closely related. The fol-
lowing gastropods are all closely similar: Paleop-
sephaea scalaris Rennie is close to P. mutabilis Wade;
Cryptorhytis rigida Baily may well be an Aliofusus;
Arcotia wanhoepeni Rennie is similar to Gegania
parabella (Wade) ; Dicroloma (Perissoptera) baylyi
(R. Etheridge, Jr.) is close to Arrhoges (Latiala)
lobata Wade; Gyrodes tenellus Stoliczka of Rennie is
similar to Gyrodes spillmani Gabb; Solarium baylyi
Gabb may be a Margaritella, and Turritella (Zaria)
bonei Baily is like 7'. ¢rilira Conrad. In addition, sev-
eral other genera appear to be common to both areas,
but the species are farther removed and in general
they appear closer to species from India than to gulf
coast forms. Of special interest is the species Pyropsis
geversi Rennie a form remarkably close to Sargana
stantoni Weller. This genus is known from only the
Gulf and Atlantic Coastal Plains, northern Mexico,
and South Africa. Likewise, Woodselle Wade is
known only from these two regions in the form of
Woodsella typica Wade from Coon Creek, Tenn., and
Cryptorhytis rigida Baily from Pondoland. Although
Rennie (1930, p. 166) accentuated what he interprets
as the endemic nature of the southeast African faunas,
one cannot help but be struck by the close similarities
with the gulf coast species. No other gastropod fauna
outside of North America contains such a high pro-
portion of related forms, although many come from
areas that are much closer geographically. The Pondo-
land fauna appears to have been a melting pot with
free access to both the gulf coast and to India. It is
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impossible to say at present whether these common
forms were immigrants or emigrants.

In contrast to the Pondoland molluscan fauna, the
Upper Cretaceous faunas of Madagascar are domi-
nantly species with affinities to species from India.
The gastropods of the various faunas generally com-
pose only a small number of species. These suffice to
show that a rather wide variety of environments is
represented, ranging from brackish-water, probably
estuarine, facies to normal shallow-water marine facies.
Unfortunately, like faunas from so many other areas
these gastropods to a large extent are represented by
either incomplete specimens or internal molds, which
makes comparison difficult. A number of species have
been assigned to genera in common with North Amer-
ica (see table 2) by Delpey (1949), Collignon (1931,
1983, 1949a, b), and others, but for the most part these
assignments should be viewed with extreme caution.
There appear to be few species of gastropods in com-
mon between Madagascar and Pondoland. Surpris-
ingly there is not only a closer similarity with the
gastropod fauna from southern India, but some of
the Tethyan species from Europe and the Middle East
also appear to be present. A good example of the
latter is ZTwrritella forgemoli Coquand (= 7. morgami
Douvillé of Collignon, 1949), which ranges from
Algeria to Baluchistan in beds of Maestrichtian age.
Turritella (Zaria) besairie Collignon (1949a) and 7.
breantiana d’Orbigny of Boule and Thevenin (1906)
represent the ubiquitous trilirate turritellid common
to the Campanian and Maestrichtian. The other com-
mon elements such as Gyrodes, Pugnellus, Pyropsis,
and euspira appear to be related to the faunas of
India described by Stoliczka (1867-68), rather than
to those of Europe and the southeastern United States.

NEAR EAST
The Upper Cretaceous molluscan faunas of the gen-
eral area of Turkey, Syria, and Palestine are of the
Tethyan type and overall do not contain abundant
and diversified gastropods. The works of Blanken-
horn (1890, 1927), Delpey (1939), and Picard (1930)
show few gastropod genera comparable to those present
in the gulf coast fauna. The presence of such forms
as Scalaria desortorum Wanner indicates a relationship
of the late Upper Cretaceous gastropod fauna of this

area to that of the Libyan desert.

PERSIA

The Upper Cretaceous molluscan faunas of Iran,
as described by Douvillé (1904), appear to have their
greatest affinities with those of Baluchistan. In aspect
they, like the preceding, belong definitely to the
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Tethyan province. Gastropod representation is poor
in Persia until the Maestrichtian and the fauna is
either dominated by cephalopods and pelecypods in
general, or by rudistids in particular. The large
Maestrichtian gastropod fauna is quite diversified, but
few genera occur in common with the gulf coast fauna.
(See table 2.) Lyria cf. L. turgidula Deshayes of
Douvillé has a considerable similarity to Zectaplica
simplica Wade and Procerithivm morgani Douvillé is
reminiscent of Cerithium weeksi Wade. Some of the
species assigned to Scala may belong in Striaticosta,
but the available descriptions and illustrations are too
indefinite to be sure. Twrritella morgani Douvillé is
an analog of 7. forgemoli Coquand of north Africa
and Madagascar.

Overall the gastropod fauna of Iran is dominated
by the littorinid, cerithiid, and melanopsid elements
(Pyrazus, Potamides, Procerithium, Campanile, Ce-
rithium, Pirena, Founus, Melanopsis, and other) that
indicate local shallow-water, probably brackish, en-
vironments with a highly endemic aspect.

TRANSCAUCASIAN RUSSIA

Two recent well-illustrated monographs by Pchel-
intsef (1953, 1954) on the Transcaucasus and central
Asia give us a good overall picture of the Upper
Cretaceous gastropod faunas (predominantly Ceno-
manian and Turonian). Although moderately diver-
sified, the fauna is thoroughly dominated by the
nerineid and acteonellid elements. More than 90 per-
cent of the species are described as new and the fauna
is difficult to evaluate. The use of such names as
Drilluta, Pyropsis, and Tectaplica is open to consider-
able question. Haustator submorgani Pchelintsef
(1953, pl. 7, fig. 3) is probably related to Zurritella
forgemoli Coquand, a typical Tethyan form. The
fauna is thoroughly dissimilar to that of the Gulf
Coastal Plain.

INDIA

As pointed out by Noetling (1897) the Upper Creta-
ceous faunas of India can be divided into two parts.
The first, that described by Noetling from the Mari
Hills, is typical of the Baluchistan-Himalaya region.
This fauna aside from a few scattered long-ranging
species is distinctly different from that of southern
India. Little basis for comparison with the gulf coast
gastropod fauna exists in regard to the 23 gastropod
species present. Only Pugnellus crassicostatus Noet-
ling is at all similar to a gulf coast species. Noetling
(1897, p. 7) on rather scant evidence believed the rest
of the fauna to be most closely similar to that of
southwestern France, and the Tethyan flavor of the
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molluscan fauna cannot be denied. Even comparing
the gastropods with nearby areas, one finds that most
of the species appear to be endemic. Of special note
on the other hand is the occurrence of Nerinea quet-
tensis Noetling. The author stated that he viewed no
internal plications and was doubtful of its true generic
assignment. The form and growth lines are reminis-
cent of Twrritella forgemoli Coquand which, as has
been noted before, occurs widely in the Tethyan belt
from Algeria to Syria and has analogs in Persia in
the form of the probably conspecific 7Twurritella mor-
gani Douvillé, a similar form in the Transcaucasus
and Central Asia Haustator premorgani (Pchelintsef),
and a related species in the Escondido Formation of
Texas.

The faunas from southern India (Stoliczka, 1867-
68) of the Trichinopoly and Arialoor groups, in con-
trast to those from northern India, are more typical
of the Indo-Pacific realm and appear to be more
closely related to those of Madagascar, New Zealand,
and South America. A fair number of genera occur
in common with those of the gulf coast, but most of
these (see table 2) are wide ranging both geographi-
cally and stratigraphically and have little significance
as far as provincial relationships are concerned.

The gastropod fauna of southern India is the most
diversified to be found in the Indo-Pacific region.
Whereas it does not compare very closely on either
a generic or specific level with the gastropods of the
Gulf Coastal Plain, the proportional representation by
families of the fauna is similar. The diversity of the
aporrhaids and volutes and the presence of a number
of pyropsids all give the fauna a familiar aspect. This
similar aspect is to be expected as much of the fauna
comes from rocks that were laid down in small coastal
embayments and that seem to represent environmental
conditions similar to those found in the Mississippi
embayment. On the other hand, temperature condi-
tions may have been warmer here than were those in
the Mississippi embayment as is noted by the presence
of cypraeids and by the presence of a few warm-water
nerineids and acteonellids. The diversity of cerithiids,
littorinids, and neritids represent a greater proportion
of very shallow to brackish-water elements than are
to be found in the gulf coast faunas.

JAPAN

The Upper. Cretaceous mollusks of Japan have been
the subject of numerous works by Nagao (1939),
Matsumoto (1953), Yabe (1927), and others, but in
general, gastropods are not abundant. The ammonite-
inoceramid domination of the fauna is reminiscent of
the western interior of the United States.
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CRETACEOUS GASTROPODS

There are few genera in common with those of the
Gulf Coastal Plain (see table 2), and the occurrence
of such genera as Volutoderma, Tessarolax, and
Biplica show a very strong affinity to the gastropod
fauna of California.

NEW ZEALAND

Wilckens (1922) described a rather small late Upper
Cretaceous gastropod fauna from Amauri Bluff and
other localities on South Island. These forms bear
little resemblance to the gastropods of the Ripley
fauna, but compare well with the Indo-Pacific faunas.
Procancellaria. parkiana Wilckens may belong in the
genus Morea. The genus Conchothyris, a strombid
related to Pugnellus, is close to some South American
species from Chile. Wilckens (1922, p. 30) pointed
out other similarities to Chile, southern India, and
Antarctic faunas.

PROPOSED NEW GENERA AND SUBGENERA
Lowenstamia
Ornopsis (Pornosis)

PROPOSED NEW SPECIES AND SUBSPECIES
Morea corsicanensis coonensis
rotunda
marylandica halli
Lowenstamia funicula
cuculata
Aliofusus stamineus
Buccinopsis solida sulcata
dorothiella
Odontobasis sulcata
Protobysycon binodosum
Pyrifusus crassus
ejundicus
Rhombopsis molinoensis
Deussenia bellalirata costata
Bellifusus spinosus
curvicostatus crenulatus
angulicostatus
Drilluta lemniscata
buboanus
Paleopsephaea tenuilirata
Dolicholatirus torquatus
Ornopsis (Pornosis) modica
(Pornosis) modica laevis
Latirus keownvillensis
Hercorhyncus (Hercorhyncus) pagodiformis
(Haplovoluta) triliratus
quadriliratus
Remera flexicostata
Anomalofusus subnodosus
lemniscatus
Lupira turbinea
Pyropsis cornutus
proliza
Napulus reesidei
fragilis
Hydrotribulus elegans
Longoconcha quadrilirata

IN TENNESSEE AND MISSISSIPPI

Volutomorpha valida
producta
Liopeplum coronatum
nodosum
Parafusus saffordi
Trigonostoma ripleyana
Cancellaria macnaryensis
Caveola acuta speciosa
Paladmete gardnerae pygmaea
laevis
Amuletum macnairyensis torquatum
dumasensis
wadei
(Lutema) limbatum
Remnita hastata
Gemmula cretacea
Beretra speciosa
Fusimilis kummeli
Acteon pistiliformis
cicatricosus
Foacteon percultus
Ringicula yochelsoni
Oligoptycha corrugata
Cylichna diversilirata
intermissia
intermissia curta
pessumata
Goniocylichna elongata
Bullopsis demersus
Eulima gracilostylis
Creonella subangulata
turretiforma
Acirsa (Hemiacirsa) flexicostata
(Hemiacirsa) clathrata
(Pleisoacirsa?) implexa
Striaticostatum aspera
congesta
sparsa
Opalia (Opalia?) fistulosa
(Pliciscala) wadei

CHANGES IN GENERIC OR SPECIFIC ASSIGNMENTS

The following are the changes in generic or specific
assignment of previously described species.

0ld assignment New assignment

Pyropsis geverst Rennie ____________. Sargana

Pinella Stephenson . ____ Morea

Pseudomorea Cossmann ______________ Morea

Pinella reticulata Stephenson ______. Morea

Morea cancellaria corsicanensis ______ Morea corsicanensis

Morea marylandica languida

Stephenson Morea eancellaria

languida

Hippocampoides Wade ______________ Latiaxis

Hippocampoides serratus Wade ______ Latiaxis

Hippocampoides liratus Wade —______ Lowenstamia

Straparolus supblanus Gabb _________ Lowenstamia

Fasciolaria? rugosa Stephenson ______ Stantonella

Strepsidura ripleyana Conrad ________ Stantonella

Strepsidura interrupte Conrad —______ Stantonella

Pyrifusus monmouthensis Gardner ___ Stantonella
Fasciolaria? lyelli Stephenson Stantonella?
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0ld asgignment New assignment

Seminola Wade ______._______________ Buccinopsis Conrad
Seminola crassa Wade ______________ Buccinopsis
Seminola solida Wade _______________ Buccinopsis
Nassa globosa Gabb (in part) _—______ Buccinopsis crassi-

costatus (Gabb)
Fasicolaria (Cryptorhytis) crassicosta

Gabb __ - Buccinopsis
Bellifusus tenuistriatus Stephenson ___ Bellifusus curvicostata
Wade
Fusus (Afer) bellaliratus Conrad ____ Deussenia
Rhombopsis microstriatus Wade _____ Deussenia?
Voluta rigida Baily . _________ Deussenia?
Cryptorhytis pseudorigida Rennie ____ Deussenia?

Fusus culbertsoni Meek and Hayden__ Graphidula
Turbonilla (Chemnitzia) melanopsis

Conrad —_—__________ Graphidula

Graphidula tippahensis Harbison —___ Graphidula melanopsis
(Conrad)

Fasciolaria cretacea Meek and Hayden Graphidula

Rimella curvilirata Conrad __________ Piestochilus

Ripleyella Harbison ________________ Ornopsis (Ripleyella)

Hercorhyncus mundum Stephenson ___ Pyrifusus

Hercorhyncus coronale Stephenson ___ Hercorhyncus (H.)
tippanus (Conrad)

Hercorhyncus vadosum Stephenson ___ Hercorhyncus (H.)
tippanus (Conrad)

Hercorhyncus gracilis Harbison ___.___ Hercorhyncus (H.)
tippanus (Conrad)

Haplovoluta Wade Hercohyncus
(Haplovoluta)

Falsifusus converus Wade ___________ Euthriofusus?

Anchura pergracilis Johnson of Wade- Remera

Fusus? macnairyensis Wade ________ Fusinus?

Xancus variabilis Wade —____________ Lupira

Lupira polycyma Harbison __________ Lupira pyriformis
Stephenson

Cryptorhytis torta Wade . _______ Cryptorhytis? nobilis
Wade

Pyropsis lenolensis Weller ___________ Napulus

Medionapus Stephenson ______________ Pyropsis

Trochifusus spinosus Wade __________ Pyropsis

Trochifusus interstriatus Wade .__.___ Pyropsis

Trochifusus perornatus Wade _______ Pyropsis

FHoancilla Stephenson ________________ Ancilla (Ancillus)

Fasciolaria ripleyana Wade __________ Mitridomus

Volutoderma (Longoconcha) __._______ Longoconcha

Rostellites angulatus Whitfield ______ Longoconcha

Volutoderma appressa Wade _____.____ Longoconcha

Voluta elongata Sowerby of d’Orbigny Longoconcha

Mitra murchisoni Milller _____________ Longoconcha

Rostellites nasutus Gabb ____________ Longoconcha

Volutoderma protracta Dall _________ Longoconcha

Rostellites texturatus Whitfield ______ Longoconcha

Volutoderma tennesseensis Wade _____ Longoconcha

Volutomorpha tarensis Stephenson ___ Liopeplum

Volutomorpha lioca Dall __.___________ Volutomorpha
dumasensis Dall

Liopeplum monmouthensis Gardner ___ Liopeplum cretaceum
(Conrad)

Matara valida (Stephenson) _________ Mataxa elegans Wade

Cancellaria eufaulensis Gabb ________ Paladmete cancellaria
(Conrad)
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0ld assignment New assignment

Paladmete densata Wade - _____ Paladmete cancellaria
(Conrad)
Paladmete poecilma Harbison ________ Paladmete cancellaria
(Conrad)
Egzilia ripleyana Wade ______________ Amuletum macnairyen-
sis (Wade)
Amuletum curvocostatum Stephenson_ Amuletum macnairyen-
sis (Wade)
Turricula fasceolata Wade _ Amuletum
Drillia georgiana Gabb _____________ Beretra ripleyana
(Conrad)
Surcula amica Gardner ______________ Beretra ripleyana
(Conrad)
Beretra striata Stephenson __________ Beretra ripleyana
(Conrad)
Turricula amice Gardner of Wade ___ Beretra gracilis
(Wade)
Beretra contracta Stephenson ________ Beretra firma
(Stephenson)
Turricule ripleyana (Conrad) of Wade Beretra speciosa Sohl
Turris constricta Wade __ . _______ Fusimilis proxima
(Wade)
Drillia tippana Conrad ______________ Fusimilis
Turris monmouthensis Gardner ______ Fusimilis
Acteon solidulus (Conrad) of Wade__. KEoacteon perculius
Sohl
Acteon ellipticus Wade ______________ FEoacteon
Acteon? throckmortoni Stephenson ___- FEoacteon ellipticus
Wade
Troostella sublinearis Stephenson ____ FKoacteon
Troostella? brevispira Stephenson ____ FHoacteon
Acteonina orientalis Wade __________ Nonacteoning
Acteon conicus Wade ________________ Parietiplicatum
Cylichna carinaeta Stephenson ________ Cylindrotruncatum
COylichna recta Gabb of Wade __._____ Cylindrotruncatum
demersum Sohl
Pseudomelania runnelsi Stephenson ___ Hulima laevigata Wade
Liostraca cretacea (Conrad) of Wade_ Creonella subangulata
Sohl
Creonella secunda Wade —_—__________ Lacrimiforma
Odostomia plicata Wade _____________ Lacrimiforma secunda
(Wade)
Odostomia impressa Wade ___________ Lacrimiforma secunda
(Wade)
Proscala americana Wade ___________ Acirsa (Hemiacirsa)
Scalaria cerithiformis Meek and
Hayden —_______ Belliscala
Acirsa? cerithiformis (Meek and
Hayden) of Wade ________________ Belliscala
Epitonium bexarense Stephenson __.___ Striaticostatum
Scala sillimani Morton of Wade
(in part) Aciculiscala acuta Sohl
Epitonium pondi Stephenson ________ Striaticostatum
Scala sillimani Morton _____________ Striaticostatum
Anisomyon wieseri Wade ____________ Siphonaria

DEFINITIONS OF MORPHOLOGIC TERMS

Below are listed morphologic terms applied to
gastropod shells in this report. The more common and
well-defined terms are not listed, but those which have
a confused history of usage or are infrequently applied
have been defined in the sense herein used. In general
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the terminologies of Cox (1955) and Knight (1941)
have been used.

CRETACEOUS

Ab—TUsed as a prefix indicating away from, as in abapertural.
Ad—TUsed as a prefix indicating toward, as in adapertural.
Anomphalous—Without an umbilicus.

Body whorl—Last complete volution of the conch.

Cancellate—Ornament of intersecting spiral and transverse
elements of similar strength.

Carina—A strong spiral ridge which in many species forms a
whorl angulation.

Channeled suture—Suture in a trough.

Collabral—Ornament trending with path of growth lines.

Columellar lip—See inner lip.

Cord—Round-topped, prominent element of spiral sculpture.

Costa—Round-topped, prominent element of transverse sculp-
ture.

Deviated—Axis of protoconch and axis of teloconch forming
an angle of less than 180°.

Funicle—Strong spiral cord extending from edge of inner lip
into umbilicus.

Hemiomphalous—Umbilicus
growth of callus.

Immersed—Initial whorls sunken below plane of later volu-
tions.

Inner lip—That part of the aperture extending from suture to
base of columella and consisting of the parietal and col-
umellar lips.

Opisthocline—Growth lines which slope forward
turally) from upper suture to lower suture.
Orthocline—Growth lines that are mainly parallel to axis of

coiling between the sutures.

Parietal lip—Part of inner lip extending across penultimate
whorl.

Penultimate whorl—Volution immediately preceding the body
or last whorl.

Phaneromphalous—With open umbilicus.

Pleural angle—Angle formed by two lines tangent to last two
whorls.

Prosocline—Growth lines that slope backward (abaperturally)
from upper suture to lower suture.

Protoconch—Earliest formed whorls, generally clearly de-
marcated from the teloconch whorls by lack of ornament
or a change in outline.

Punctate—Pitted surface.

Ramp—Inclined flattened area on upper whorl surface limited
by a peripheral or subperipheral carina.

Reflected—Inner lip or part thereof that is turned backward at
margin,

Ribs—Elements of transverse sculpture similar to but weaker
than costae.

Ribbon—Flat-topped prominent element of spiral sculpture.

Septum—A plate, commonly hemispherical, that seals off early
whorls from later whorls,

Shoulder—Flattened area on upper whorl surface lacking the
inclination of a ramp but similarly and limited by the
shoulder carina.

Sinus—Parasigmoidal curve of the outer lip or growth line.

Siphonal canal—(=Anterior canal)—Channel of variable
length and strength developing from anterior extremity of
aperture.

Siphonal fasciole—Band of variable width formed by arched
flexed growth lines marking previous position of anterior
siphonal notch.

partly plugged by secondary

(adaper-

GASTROPODS IN TENNESSEE AND MISSISSIPPI

Teloconch—Shell exclusive of protoconch.

Thread—Very fine elements of ornament, finer than costae or
cords.

Turreted—Shell with whorls rising in steps as on Napulus.

Turriculate— (Turrited)—acute spire of shell commonly flat
sided. As in Twrritella.

MEASUREMENTS OF SPECIMENS

Measurements of individual specimens of many
species are given under a sideheading following the
specific descriptions. These are listed to indicate, to
some degree, the range of variability in size, but are
by no means an absolute indication. Where practicable
only the best and most complete specimens were meas-
ured, but for some species only crushed or distorted
specimens were available. Such specimens are noted
under “Discussion.” TLarger specimens were measured
with vernier calipers, and the smaller forms were
measured with the aid of a microscope equipped with
a calibrated eyepiece. All measurements are in mil-
limeters.

The conchological features measured vary with the
individual groups. For instance, the Aporrhaidae
develop an expanded outer lip, and the set of measure-
ments used to indicate the relation of the lip to the
shell must be different from that used to measure a
less complex group. Thus, where it has been deemed
important or informative, certain additional characters
are measured.

Listed below are the abbreviations used as headings
of the column of measurements and their definitions.
D—Diameter, measured normal to teloconch axis of coiling.
DU—Diameter of umbilicus, measured parallel to base of shell.
DA—Diameter of aperture, measured normal to axis of coiling.
DjW—Diameter of fourth whorl, measured normal to axis of

coiling.
MD—Maximum diameter, measured normal to the teloconch
axis of coiling.
MD + Wi—Maximum diameter plus the length of an expanded
outer lip or wing.
MinD—Minimum diameter,
shorter diameter.
H—Total height of shell, measured parallel to axis of coiling.
HA—Height of aperture, measured parallel to axis of coiling.
HPW—Height of penultimate whorl, measured parallel to axis

used in cap-shaped shells for

of coiling.

HjW—Height of fourth whorl, measured parallel to axis of
coiling.

HB—Height of body whorl, measured parallel to axis of coil-
ing.

HS—Height of spire, measured parallel to axis of coiling.

H:D—Ratio of height to maximum diameter.

Estimated H—Total height of incomplete specimen estimated
by projection of pleural angle.

L—Length or long diameter of capuliform shells.

No. W—Number of whorls, generally exclusive of nuclear
whorls.

PA—Pleural angle.



NEOGASTROPODA, OPISTHOBRANCHIA, AND BASOMMATOPHORA

WA—Width of aperture, measured normal to axis of coiling.

WS8—Width of shoulder, measured normal to axis of coiling
from suture to shoulder edge.

SYSTEMATIC DESCRIPTIONS

Order NEOGASTROPODA
Superfamily MURICACEA
Family MURICIDAE
Subfamily RAPANINAE

Genus ECPHORA Conrad, 1843

Type by monotypy, Fusus quadricostatus Say, 1824.

Diagnosis—Small to moderately large subfusiform
shells with a moderately low spire. Whorls strongly
shouldered, with strong spiral carinations over periph-
ery; basal constriction strong. Whorls may be loosely
attached. Aperture ovate, produced to a narrow, gen-
erally elongate and curving siphonal canal terminating
in a moderately strong notch; outer lip crenulate;
inner lip moderately thick, free or partly attached
over parietal surface. Umbilicus broad, open, deep,
and margined by a serrate strong carina.

Discussion.—With the exception of the Cretaceous
species, £. proguadricostate Wade, all the known
species of F'cphora are from the Oligocene and Mio-
cene. With such a restricted range the propriety of
placing Wade’s species from the Ripley Formation in
the genus Ecphora has been questioned. The possi-
bility of the Ripley species being a homeomorph can-
not be discarded but, in all shell features except size,
it is a close analogue to the type species . quadri-
costatus (Say) from the Miocene. FEephora proquad-
ricostata does possess nuclear whorls, ornament,
apertural features, umbilical characters, and growth
lines so similar to those of the type species that it
would be unwise to separate this species from the
genus FEcphora purely on the basis of time lapse. In
general the Tertiary species are all of medium or mod-
erately large size. In the mature stages of these forms
the whorls begin to deviate and frequently may lose
contact completely with previous whorls. Most
Eephora species possess a translucent brown outer shell
layer and a light-colored lamellar inner layer. The
Cretaceous species, Z. proguadricostata, is small and
does not appear to possess such a translucent brown-
ish outer shell layer. Such a shell layer, however,
may be rather unstable and could have been replaced
so that now there is no such differentiation.

Ecphora proquadricostata Wade
Plate 19, figures 1, 5

1917. Ecphora proquadricostata Wade, Philadelphia Acad. Nat.
Sci. Proc., v. 69, p. 293, pl. 18, fig. 7.

1925, Ecphora proquadricostata Cossmann, Essais Paléoconcho-
logie Comparée, v. 13, p. 263, pl. 8, fig. 26.
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1926. Ecphora proquaedricostata Wade, U.S. Geol. Survey Prof.
Paper 137, p. 135, pl. 52, fig. 3.

Diagnosis—Small, phaneromphalous subpyriform
shells with round-sided whorls marked by four strong
raised broadly round topped spiral costae that are
much narrower than their interspaces. Aperture sub-
cireular, anteriorly produced to a slightly curved and
narrow siphonal canal; outer lip denticulate within
and crenulated at position of spiral costae.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. No. W H MD

11. 4 9.5

9 8.7

8.25 7.4

8.4 7.9

9.25 8.8

7.6 6.9

8.3 7.6

Discussion—E. proquadricostata is moderately

abundant at its type locality on Coon Creek, Tenn.,
but in the Ripley Formation of Mississippi it is quite
scarce. Only seven specimens have been recovered
from four localities. Variations within the topotype
lot is insignificant and specimens from the higher
stratigraphic positions in Mississippi also compare
very closely with the Tennessee specimens. The spe-
cies also occur in the Ripley Formation at Mercers
Mill on Tabannee Creek, Quitman County, Ga.,
(USGS colln. 25923).

Types: Holotype USNM 32920; hypotype USNM 130195.

Occurrences: Tennessee: Ripley Formation, loe. 1. Mis-
sissippi: Ripley Formation, locs. 6, 15-17, 22, 29. Georgia:
Ripley Formation. Mexico: Cardenas Formation of San Luis
Potosi.

Genus SARGANA Stephenson, 1923

Type by original designation, Rapana stantoni
Weller, 1907.

Diagnosis—Low-spired subpyriform shells with
whorls that are strongly constricted anteriorly to a
stout pillar. Aperture notched posteriorly, anteriorly
drawn out to a very narrow curved siphonal canal;
outer lip crenulate, inner lip with a single fold above
siphonal canal. Sculpture ornate with spines or nodes
developing at intersection of spiral and transverse
elements. Umbilicus wide and deep, bordered by a
serrate carina.

Discussion.—Stephenson (1923, p. 377) erected the
new family Sarganidae to include Sargana and an
undescribed genus from the Ripley Formation of the
Chattahoochee River region of Georgia and Alabama.
The undescribed genus was probably that which Wade
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later (1926, p. 177) described as Schizobasis. The
primary features that Stephenson used for separating
the Sarganidae from the Muricidae were the pres-
ence, in the former, of a columellar fold and the flat-
* tened spire. Some members of the Muricidae (Mw-
rexz and Morea), however, have a similar fold in about
the same position. TLater, Stephenson (1952, p. 181)
formally included Schizobasis Wade and Hillites Ste-
phenson in the Sarganidae. The present author pre-
fers to place Hillites multilirae Stephenson, the type
species, closer to Morea Conrad than to Sargana, on
the basis of its possession of a siphonal welt, an um-
bilical slit, and a short siphonal canal. Both genera
also have a similar columellar plait above the siphonal
canal. Not only do the shape and ornament distin-
guish Schizobasis Wade from Sargana, but it also has
an umbilical plug. In other features Schizobasis lies
close to Hillites and thus is here tentatively placed
with Hillites in the Purpurinae.

Sargana itself is muricid in the character of its
ornament and its siphonal canal. Other muricids,
such as Actinotrophon Dall, Ecphora Conrad, and
Rapana Schumacher, have similar umbilical charac-
ters. In addition, Rapona, though having a more open
siphonal canal, has a rather low spire. On the basis
of these similarities Sargana is placed in the Rapa-
ninae. The relocation of the type genus makes the
retention of the name Sarganidae superfluous.

In North America, Sergana ranges through the
Exogyra ponderosa zone and through most of the Z.
costata zone; it is known from Texas to New Jersey.
The specimens from the youngest beds are poorly rep-
resented and may belong to a different species.

Sargana stantoni (Weller)
Plate 19, figures 7, 9, 11-25
1907. Rapana stantoni Weller, New Jersey Geol. Survey, Pa-
leontology, v. 4, p. 754, pl. 89, figs. 1-3.
1923. Sargana stantoni (Weller). Stephenson, North Carolina
Geol. and Econ. Survey Bull, v. 5, p. 377, pl. 93, figs.
1-5.
1926. Sargana stantoni (Weller). Wade, U.S. Geol. Survey,
Prof. Paper 137, p. 136, pl. 46, figs. 7, 8.
1940. Sargana stantoni (Weller). Stephenson and Monroe,
Mississippi Geol. Survey Bull 40, pl. 9, figs. 6, 7, 8.
1941. Sargana stantoni (Weller). Stephenson, Texas Univ.
Bull. 4101, p. 825, pl. 60, figs. 15-17.

Diagnosis—A Sargane ornamented by 7-9 spiral
rows of nodes on the whorl sides.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Discussion.—Most specimens of Sargana stantoni
are almost as high as they are wide. In other features
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Loe. H MD

Texas (holotype) oo oo e g; g-{- ;? 5

1 1274 4= NI A .
1( ypotype) - P 37.3 36.9
..... 14.5 15.5
..... 18.0 19.0
..... 15.5 17.4
19.6 17.9
30.0 32.1
16.5 15.9
12.5 14.8
14.0 14.0
..... 10.0 10.8
,,,,, 14.0 14.0
16.9 15.5
16.0 16.5
____________________ 14.4 14.7
16.6 16.5

there is, however, rather wide individual variation.
In the early growth stages the upper whorl surface is
flat and unornamented and the shoulder carination is
sharp (pl. 19, figs. 7, 24). Between the third and
fourth whorl stages, ornament begins on the upper
whorl surface (pl. 19, fig. 24) and with increased
size the shoulder rounds off (pl. 19, fig. 16). On
mature individuals there are seven spinose or nodose
spiral cords between the suture and the basal con-
striction. Two of these cords are on the upper whorl
surface between the suture and the peripheral carina-
tion with the immediately subsutural cord developing
at a later stage (pl. 19, figs. 13, 17). Normally there
are four cords (pl. 19, figs. 18, 21) on the whorl side,
with the upper one being developed later than the
lower three. (Contrast pl. 19, figs. 21-23.) One large
specimen from the Ripley Formation of Mississippi
at locality 18, however, shows a development of nine
spiral cords (pl. 19, fig. 14). This is not merely addi-
tion of spiral cords with size because an equally
large specimen (USNM 130191), from the Ripley
Formation on Coon Creek, Tenn., shows only the
typical seven cords of the mature stage.

The strength of the spines at the intersection of
the spiral and transverse elements is equally variable.
Generally the spines are low, but in some specimens
they are strongly spinose and close spaced (pl. 19, figs.
19, 20). The noded appearance of many specimens
may be due to breakage and wear of these delicate
flutings.

In general, where the species occurs at all, the
specimens are rather abundant. Many of the occur-
rences in other areas listed below are based on in-
complete specimens. When better preserved material
is available, they may be found to represent new
species.

Pyropsis geversi Rennie (1930, p. 229), from the
Senonian of Pondoland, South Africa, is very closely
related and appears to differ only by the lack of the
second spiral cord on the upper whorl face.
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Types: Holotype USNM 21070 (Texas); hypotypes USNM
31866 (North Carolina) ; 32895, 130191-130194 (Tennessee) ;
and USNM 20548, 130186-130190 (Mississippi).

Occurrences: Tennessee: Ripley Formation, loc. 1. Mis-
sissippi: Ripley Formation, locs. 4-6, 11, 18, 22, 23, 29, 39,
Coffee (?)Sand. Texas: Neylandville (?)Marl, Nacatoch
Sand. Alabama and Georgia: Ripley Formation. North Caro-
lina: Peedee Formation. Delaware: Crosswicks Clay of Car-
ter, 1937 = Merchantville Formation of Groot and others, 1954.
New Jersey: Merchantville Formation.

Subfamily MOREINAE
Genus MOREA Conrad, 1860

Type by monotypy, Morea cancellaria Conrad.
Synonyms.—Pseudomorea Cossmann (1925, p. 265) ; Pinella
Stephenson (1941, p. 324).

Diagnosis—Low spired ovate to subglobose shells
with a basal sulcus, a siphonal fasciole, a pseudoum-
bilicus, and a surface marked by intersecting strong
spiral ribbons and weaker transverse ribs. Aperture
notched posteriorly, anteriorly produced to a short
broad canal ending in a siphonal notch; outer lip
crenulate, columellar lip bounded below by one strong
oblique fold immediately above the siphonal canal.

Discussion—As defined above, this genus is re-
stricted to the Campanian and Maestrichtian of the
Gulf and Atlantic Coastal Plain. Since Morea was
first proposed its placement in a family has been con-
troversial. Tryon (1883, v. 2, p. 181) placed the
genus in the family Cancellaridae. Later Cossmann
(1925), followed by Wade (1926), assigned Morea
to the Purpuridae. Stephenson (1941, p. 325) de-
cided a separate family was warranted but included
no other genera. Wenz (1941) placed the genus in
the subfamily Drupinae of the Muricidae. Wenz
includes a rather wide grouping of genera within the
Drupinae (= Purpurinae) and perhaps the splitting
off of Morea in a separate subfamily is justified, but
full famihial rank of a form in many respects so
similar to such genera as Nwcella Bolten [Roeding]
and 7hais Bolten [Roeding] does not seem justified.

Previous to this writing only three species of Morea
had been named, Morea cancellaria Conrad, from the
Ripley Formation of Alabama, /. naticella Gabb,
from New Jersey, and M. marylandica Gardner, from
the Monmouth formation of Maryland, although
Stephenson has proposed several subspecies. Subse-
quent descriptions of specimens from the Late Creta-
ceous of the coastal plain by Wade, Gardner, and
Stephenson have been referred to one of these
species.

M. cancellaria Conrad, M. naticella Gabb, and M.
naticella Gabb of Gardner (1916, pl. 18, fig. 12) are
all similar in being round-whorled low-spired shells
with evenly curving concave columellas. M. mary-
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landica, in contrast, is a higher spired form with a
narrower umbilical area and a more sharply ex-
cavated columella. These differences caused Cossmann
(1925, p. 265) to hesitatingly propose the name Pseu-
domorea for the later species as follows:

I1 est donc probable qu’il foundra séporer une nouvelle Sec-
tion de Morea, dont le génotype serait M. marylandica: on
pourrait 1ui donner le nom Pseudomorea ‘‘nobis,” si les diffé-
rences signalees ci-dessus sont constantes, ce que je ne puis
affirmer, d’aprés d’uniques specimens.

Cossmann gave no formal statement of differences
nor any diagnosis for his subgenus. However, Wenz
(1941, p. 115) accepted the name as a subgenus based
primarily on shells with relatively greater concavity
of the columella and stronger columellar fold. The
latter character appears to have little or no validity
in separating the species into supraspecific groups,
but the former may be more valid. There appears
to be little basis or need for such a separation and
until better criteria for separation appear it is here
not accepted.

Morea appears to be a plexus beginning in the
Campanian and consisting of two major branches.
Oue branch, typified by M. cancellaria, tended to
more obese shells having lower spires, which cul-
minated in Morea rotunda. The second branch, as
typified by M. marylandica, possesses shells that are
higher spired and slimmer. The exact point of di-
versification is not definitely known. The earliest
recorded occurrence of the genus is that of a small
unnamed M. cancellaria-type of specimen collected in
the Blufftown Formation (lower Exogyra ponderosa
zone) in eastern Alabama. In the upper part of the
E. ponderosa zone both branches are present. Thus,
as recorded, the diversification appears to have oc-
curred by at least the middle of the Z. ponderosa
zone.

Pinella reticulata Stephenson (1941, p. 324), the
type species of Pinella, from the Kemp Clay of Texas,
appears to be based upon an immature specimen of
a species of Morea related to M. marylandica. (Com-
pare pl. 20, figs. 2, 3.) The generic name Pinella is
accordingly placed in the synonymy of Morea.

Morea cancellaria Conrad
Plate 20, figures 7, 13

1860. Morea cancellaria Conrad, Philadelphia Acad. Nat. Sci.
Jour., 24 ser., v. 4, p. 290, pl. 40, fig. 30.

1899. Morea cancellaria Cossmann, Essais
Comparée, v. 3, p. 6, pl. 2, fig. 16.

Paléoconchologie

Diagnosis.—Slim ovate low-spired moreids with 7-8
spiral ribbons that are noded at the intersection of
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the transverse elements; spiral ribbons arise from a
ridge immediately above siphonal fasciole.

Measurements.—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Rows of . .
Loc. H MD HB " des | D | HBH
Eufaula, Ala. USGS 279 (topo-
t ) 17.6 22.7 8 1.6 0.8
16.0 19.7 8 1.6 .8
12.9 16.4 ; 1.6 .8
a7 B2 8| e 8

Discussion.—The holotype of this species is no
longer present in the collections of the Academy of
Natural Sciences of Philadelphia.

Conrad (1860, p. 290) cited the species as occurring
both at Eufaula, Ala., and Tippah County, Miss. No
definite statement as to the locality from which the
holotype came is given. The specimen illustrated is
slimmer than the Mississippi specimens from the Rip-
ley Formation, but agrees well both with other speci-
mens from Eufaula in the Geological Survey collec-
tions and with a specimen figured by Cossmann (1899,
pl. 2, fig. 16) that was also from Eufaula. Stephen-
son (1941, p. 326) accepted Eufaula as the type lo-
cality, as it is mentioned first.

The assignment. of specimens from other areas by
Wade and Stephenson to MMorea cancellaria appears
to be erroneous. The M. cancellaria type of struc-
ture appears in a distinct, though as yet undescribed,
species from the Coffee Sand of Mississippi and the
closely related M. corsicanensis coonensis from Ten-
nessee. Both these taxa differ from 7. cancellaria
s.s. by the development of a weltlike fasciole similar
to that possessed by /. marylandica Gardner. In
addition these, like other known forms, show no evi-
dence of spiral addition from the upper margin of the
fasciole. Alorea camcellaria corsicanensis Stephenson
is much more obese, lower spired, and has a narrower
pseudoumbilicus, except in its gerontic stages and ap-
pears worthy of separate specific designation. Morea
cancellaria crasse Stephenson, from the Nacatoch Sand
of Texas, is slim in outline and appears to be an
actual subspecies of /. cancellaria, differing by its
coarser ornament and slightly higher spire.

The form described by Stephenson (1941, p. 328) as
Morea marylandica languida appears to belong in the
cancellaria group rather than with M. marylandica.
It possesses a flat, not erect protoconch, lacks distinct
shouldering of the whorl, and has a low spire. In
outline it is a slim shell closer to A. cancellaria than
to M. corsicanensis.

TENNESSEE AND MISSISSIPPI

Suites of Morea cancellaria from several localities
in the Chattahoochee River region possess a constancy
in outline and ornament. A complete transition from
7 to 8 spirals is seen in the topotype suite with the
eighth spiral breaking off from the upper edge of the
basal fasciole.

Types: Holotype lost; hypotype USNM 21169; hypotype, see
Cossmann, 1899.

Occurrence: Alabama and Georgia (Chattahoochee River re-
gion) : Ripley Formation.

Morea corsicanensis corsicanensis Stephenson
Plate 20, figures 1, 8
1941, Morea cancellaria corsicanensis Stephenson, Texas Univ.
Bull. 4101, p. 326, pl. 61, figs. 7-9.
Diagnosis—Medium-sized low-spired obese shells
with 8-9 noded spiral ribbons and a rather deeply
channeled suture.
Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Rows of X .

Loc. H MD HB |“odes | H'D | HB:H
Texas (holotype) ... 35.5 27.8 28+ 8 1.3 0.8
Texas (paratype)-_--- - 257 20+ 20.8 8 1.3 .8
6 (Mississippi) ----—.-- 24.7 16. 4 19.6 8 1.5 .8
6 e 22+ 16.9 18.5 9 1.3 .9
6. 25.7 18.1 20.8 8 1.4 .8
16 - e 16.0 12.0 13.0 8 1.3 .8
16 e 20.8 15.4 16.5 8 1.3 .8

Discussion.—The holotype of this species from the
Nacatoch Sand of Texas (Stephenson, 1941, pl. 61,
figs. 7-8) is the largest known specimen and exhibits
a distinetively wide wumbilical area. A paratype
(Stephenson, 1941, pl. 61, fig. 9) is smaller in size
and compares very favorably with specimens of Morea
from the Ripley Formation of Mississippi. The wide
umbilical area of the holotype is considered a gerontic
feature. On the basis of comparison with the para-
type the Ripley specimens are assigned to the species
M. corsicanensis.

In Mississippi this species, although not abundant,
occurs at a number of localities all within that part
of the Coon Creek Tongue above the Ewogyra can-
cellata zone. The measurements indicate that these
specimens show some variation in body proportions.
Compared with the type material from Texas their
ornament is less coarse and the body proportions range
from forms similar to those of Stephenson’s paratype
to those like the hopotype (pl. 20, fig. 1), which are
slimmer. Compared with Morea cancellaria Conrad
from Alabama, this species is more obese, has a
higher number of spiral ribbons at an earlier growth
stage, commonly has a less broad umbilical area, has
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a less sharply delimited upper border to the siphonal
fasciole, and has a channeled suture.

Types: Holotype USNM 77022 (Texas); paratype USNM
77023 (Texas); hypotype USNM 130196 (Mississippi).

Occurrence: Texas: Nacatoch Sand. Mississippi:
Formation, locs. 6, 15, 16, 18.

Ripley

Morea corsicanensis coonensis Sohl, n. subsp.
Plate 20, figure 9
1926. Morea cancellaria Conrad. Wade, U.S. Geol. Survey
Prof. Paper 137, p. 134, pl. 51, figs. 11, 12.
Discussion.—This subspecies differs from M. corsi-
canensis corsicanensis Stephenson by its more con-
stricted base and in its raised, weltlike fasciolar band
on the base of the body. This subspecies occurs in
the zone of EKwogyra cancellata, in a lower strati-
graphic position than that occupied by M. corsicanen-
sis. Few specimens of the subspecies are known, but
they appear to be close in character to similar unde-
scribed specimens present in the Coffee Sand of Mis-
sissippi.
Type: Holotype USNM 32917.
Occurrence: Tennessee: Ripley Formation, loc. 1.

Morea rotunda Sohl, n. sp.
Plate 20, figures 11, 12

Diagnosis—Medium-sized moreids with a very low
spire, a globose outline, 10 or 11 spiral ribbons, and a
broad fasciolar area.

Description—Shell of medium size, globular in out-
line, slightly longer than wide; spire low about one-
fourth total shell height. Whorls few in number,
plumply rounded, and expanding rapidly. Proto-
conch unknown, but its scar is small and regularly
coiled. Suture impressed, becoming channeled on
later whorls. Body well rounded, almost globose, and
slightly constricted anteriorly to a basal sulcus. Sur-
face ornamented by 10 to 11 spiral ribbons that are
narrower than their interspaces and that are accentu-
ated to elongate nodes where they override the poorly
defined rather broad almost flat topped collabral ribs.
Growth lines numerous, fine, close spaced, overriding
both spiral and transverse elements; their overall trend
is somewhat prosocline, but a sharp sinus is formed
on the raised spiral ribbon at the suture; they are
slightly flexed over each spiral ribbon and form a
deep sinus on the base, marking the position of the
siphonal notch, then they curve upward into the
pseudoumbilicus. Aperture ovate, slightly notched
posteriorly, and bearing a slightly twisted deep and
wide anterior siphonal notch; outer lip thin at edge
and crenulate where interrupted by the spiral ribbons;
inner lip broadly rounded; parietal lip with a callus
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that extends out onto body a short distance; colu-
mellar lip reflexed somewhat over the umbilical area;
columella with a strong very oblique fold above the
siphonal canal.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Num-
Loc. H MD HB he{ H:D |HB:H
of
species
16 (holotype)  occoemmomeceeae 35.5 27.8 30.4 11 1.3 0.9
18 (paratype) oo ccocmceaoaoooo 28.7 21.8 25.2 10 13- 9
Arkansas (paratype).....------- 28.5 24.4 27.5 10 1.2 1.0

Discussion—This species is represented in the col-
lections under study by four specimens that all bear
the typical low spire and globose outline that distin-
guish this species from M. cancellaria Conrad and M.
corsicanensis Stephenson. The holotype is the larg-
est and best preserved specimen, but the features of
the species are well displayed on younger specimens.

Types: Holotype USNM 130197 (Mississippi); paratypes
USNM 130198 (Mississippi) ; USNM 22622 (Arkansas).

Occurrence: Mississippi: Ripley Formation, locs. 16, 18.
Arkansas: Nacatoch Sand.

Morea marylandica marylandica Gardner
Plate 20, figures 4-6, 10, 19-22, 25, 26

1916. Morea marylandica Gardner, Maryland Geol. Survey,
Upper Cretaceous, p. 466, pl. 18, fig. 13.
1925. Morea (Pseudomorea) marylandica Gardner. Cossmann,

Hssais Paléoconchologie Comparée, v. 13, p. 264, pl. 8,
figs. 37, 38.

1926. Morea marylandica Gardner. Wade, U.S. Geol. Survey
Prof. Paper 137, p. 133, pl. 51, figs. 3, 8.

Morea (Pseudomorea) marylandicea Gardner. Wenz,
Handbuch der Palidozoologie; Gastropoda, v. 6, pt. 5,
p. 1115.

1945. Morea marylandica Gardner. Harbison, Philadelphia

Acad. Nat. Sci. Proc.,, v. 97, p. 83, pl. 4, figs. 21, 22,

1941.

Diagnosis—Medium-sized moreids with a spire pro-
portionally high, an outline slim for the genus, and
a raised weltlike siphonal fasciole.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. 18 6 1
Number of specimens measured - _____________ 8 5
Range of shell height_______ 14.7-21.8 | 13.8-18.2 13.8-28.8
Average 18.7 16.3 19.9
Range of maximum 9.3-12.5 8.5-12.0 8.4-18.7
Average 11.8 10.4 12.2
Range of height of body. - 10.3-15.0 | 10.4-12.8 10. 5-20. 2
Average...._ 13.1 11.5 15.0
Range H:D. 1.4-1.7 1.5-1.6 1.5-1.8
Average.___ 1.5 1.6 1.5
Range of HB:H. _ .7-.8 .7-.8 .7-.8
Average_ ... 7 7 .7
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Discussion—The holotype of Morea marylandica
Gardner is from the Monmouth Formation of Mary-
land. This formation includes beds of both Ripley
and Owl Creek age. The type locality of the species,
2 miles south of Oxon Hill in Prince Georges County,
is not definitely placed in the section. Thus, whether
the type species came from Ripley Formation equiv-
alents or from younger equivalents is not known.

The holotype itself is broken and incomplete and
close comparison between the Mississippi Ripley spec-
imens and the holotype is difficult. Instead of assign-
ing new names to specimens showing minor differ-
ences, Gardner’s species is here used in a broad sense
with the understanding that subdivision of the spe-
cies will probably be possible when better material
from the type locality is available.

M. marylandica is distinguished from M. cancel-
laria in its slimmer outline, higher spire, weltlike
siphonal fasciole, and its erect smooth trochoid proto-
conch. Species related to Morea marylandica ap-
peared on the Gulf and Atlantic Coastal Plains dur-
ing the Campanian. The earliest occurrence is that
of an unnamed species in the Wolfe City Sand Mem-
ber of the Taylor Marl of Texas.

The species is well represented in the Ripley forma-
tion of Mississippi and Tennessee and shows consid-
erable variation both in size and ornament. The speci-
men figured by Wade (1926, pl. 51, figs. 3, 8) is the
largest known specimen of the species. Compared
with the type specimen Gardner (1916, pl. 18, fig. 13),
it has a somewhat more constricted base and wider
spaced transverse and spiral elements and has a less
excavated more drooping shoulder. Compared with
the specimens from the Ripley Formation of Mis-
sissippi its proportions fall within the range of
variability, but it has wider spaced ornament than is
the general rule.

The Mississippi specimens show a considerable
range of variability. This species occurs most abun-
dantly at locality 18 from which 98 specimens are
available. This suite shows forms with low sloping
shoulders (pl. 20, fig. 26) grading to those with ex-
cavated shoulders (pl. 20, fig. 20). The number of
spiral ribbons varies from 8 to 11 and their width and
spacing also ranges greatly. Variation in body pro-
portions can be exhibited by contrasting the figured
specimens from locality 18 shown on plate 20, figures
4, 19, 25, with the specimen figured on plate 20, figure
10 that is from a somewhat higher stratigraphic posi-
tion at locality 5 and is more similar to the holotype
in its proportions.

Morea tramsenna Stephenson (1955, p. 129) from
the Owl Creek Formation of Mississippi is closely re-
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lated and is probably gradational to the Ripley spe-
cies.

Of the two varieties of M. marylandica named by
Stephenson from the Nacatoch Sand of Texas, one,
M. marylandica languida Stephenson (1941, p. 328),
belongs to the M. cancellaria group and is based on
immature specimens. M. marylandica bella Stephen-
son (1941, p. 327) is so closely similar to the Missis-
sippi specimens that I am hesitant to make any
distinction.

Types: Holotype Gardner collection USNM (Maryland);
hypotypes USNM 32913 (Tennessee), USNM 20549, 130200-
130204 (Mississippi).

Occurrence: Tennessee: Ripley Formation, loc. 1. Missis-
sippi: Ripley Formation, locs. 4-7, 12, 14-16, 18, 22. Texas: Na-
catoch Sand (variety). Georgia and Alabama (Chattahoochee
River region): Ripley Formation. Maryland: Monmouth
Formation.

Morea marylandica halli Sohl, n. subsp.
Plate 20, figures 14, 15

Discussion—This subspecies is distinguished from
Morea marylandica marylandica Gardner by possess-
ing a strong sharp shoulder, which lends the body a
truncate upper whorl outline.

The type locality (No. 12), C. R. Hall’s farm
near Molino, Union County, Miss., is in the lower part
of the Ripley Formation. Only two specimens have
been collected, but both possess the distinctive sharply
angular shoulder typical of the subspecies and no
specimens of M. marylandica marylandica have been
recovered.

Types: Holotype USNM 130205.
Occurrence: Mississippi: Ripley Formation, loc. 11.

Morea transenna Stephenson
Plate 20, figures 23, 24
1955. Morea transenna Stephenson, U.S. Geol. Survey Prof.
Paper 274-E, p. 129, pl. 22, figs. 6-9.

Diagnosis—Medium-sized finely ornamented more-
ids with a steeply sloping narrow shoulder in mature
stages.

Discussion.—Stephenson (1955, p. 129) stated:

This species is more similar to Morea marylandica Gardner
(1916, p. 466) than it is to any available species of Morea. Com-
pared with the Maryland species M. tronsenna has more nu-
merous and closely spaced axials thus producing a finer sculp-
ture pattern at the same growth stages, and its shoulder
droops at a much steeper angle.

This species is based on the holotype and paratype
from Owl Creek, Tippah County, Miss. Stephenson
also assigned some specifically indeterminable poorly
preserved specimens from the Owl Creek Formation
of Missouri to this species. As might be suspected



NEOGASTROPODA, OPISTHOBRANCHIA, AND BASOMMATOPHORA

this species is difficult to distinguish from the variable
M. marylandica of the Ripley Formation, but in gen-
eral the shoulder appears to be steeper sloping in the
late stages of M. transenna. This sloping leads to a
more broadly rounded outline. In other respects, for
example ornament, there appears little basis for differ-
entiation. M. transenna is probably transitional to
the types of M. marylandico from the lower part of
the Ripley Formation through some upper Ripley
form like the specimen figured on plate 20, figure 10.

Types: Holotype and paratype USNM 20433; paratype
USNM 128193 (Missouri).

Qccurrence: Mississippi: Owl Creek Formation, locs. 45, 46.
Missouri: Owl Creek Formation.

Morea sp.
Plate 20, figures 16, 18

Discussion.—One internal mold collected from the
Prairie Bluff Chalk suffices to show the probable pres-
ence of Morea in the chalk facies. The shell is mod-
erately large for the genus and comparable in size to
M. rotunda, but the height of spire is more compatible
with that of M. marylandica type.

Type: Figured specimen USNM 1302086.
Occurrence: Mississippi: Prairie Bluff Chalk, loc. 87.

Morea? sp.
Plate 20, figure 17

Discussion—One specimen from the Ripley Forma-
tion, 2.5 miles northwest of Blue Springs, Union
County, Miss., preserved as an internal mold, may
belong to Morea. The mold bears the reflection of
noded spiral ribbons, a crenulate outer lip, and a
rounded body typical of the M. cancellata type. This
is the highest occurrence of the M. cancellota type
known in Mississippi.

Tyves: Hypotype USNM 130207.

Occurrence: Mississippi: Ripley Formation, loc. 27.

Genus PARAMOREA Wade, 1917

Type by original designation, Panamorea lirata
Wade.

Diagnosis—Shell moderately small, ovately fusi-
form. Spire truncated, less than half total shell
height; body proportionally large, shouldered above
periphery and rounding down to a siphonal fasciole.
Sculpture of raised spiral ribbons. Aperture notched
anteriorly; outer lip crenulate; inner lip loosening
anteriorly and opening up an umbilical chink; colu-
mella bearing a fold above the siphonal canal.

Discussion—Wenz (1941, p. 1199) placed Para-
morea as a subgenus of Cantharus, but the presence of
a distinet umbilical slit and short siphonal area in
the former necessitates separation. Only one species,
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Paramorea liratus, is known and that only from its
type locality on Coon Creek, McNairy County, Tenn.
Wade considered the genus to be near Morea, but
Paramorea has a proportionally larger protoconch, a
less reflected inner lip, only spiral ornament, a nar-
rower umbilical chink, and lacks as strong a fold on
the columella immediately above the siphonal canal.
Wenz (1941, p. 1199) placed these two genera, Morea
and Paramorea, in separate families. Although ad-
mittedly they are distinctly different, they do, as
Wade pointed out, show similarities in shape, fasciolar
and apertural features that would lead one to place
them within the same family.

Paramorea lirata Wade
Plate 19, figures 24, 6, 8, 10

1017. Paramorea lirata Wade, Philadelphia Acad. Nat. Sci.
Proc,, v. 69, p. 296, pl. 17, figs. 9, 10.

1925. Paramorea lirata Wade. Cossmann, Essais Paléoconcho-
logie Comparée, v. 13, p. 260, pl. 11, fig. 11, 12.

1926. Paramorea lirata Wade, U.S. Geol. Survey Prof. Paper
137, p. 134, pl. 52, figs. 1, 2.

1941. Cantharus (Paramorea) liratus (Wade). Wenz, Hand-
buch der Paldozoologie, Gastropoda, v. 6, pt. 5, p. 1199,
fig. 3412.

Diagnosis—Moderately small sized shells having
shouldered whorls and a well-rounded periphery;
whorls ornamented by raised spiral ribbons that are
broader than their spiral interspaces.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).
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Discussion.—The holotype of Paramorea lirata
from Coon Creek, Tenn., is not perfectly preserved
and some of the ornament has been spalled from the
earlier whorls. This no doubt led Wade (1926, p.
135) to state that the protoconch scar was small.
Actually the protoconch is proportionally large and
consists of a little more than three whorls, which are
smooth and well rounded. The junction with the
teloconch is gradual and accompanied by addition of
spiral ribbons on the whorl sides. After about half
a turn the first teloconch whorl becomes shouldered.
There appears to be little variance in significant
characters in these shells, except that on the larger
shells the spacing of the ribbons over the shoulder is
greater and at the latest developmental stages some
individuals begin to develop a subdued shoulder.
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Paramorea lirata is the only species within the
genus and is unlikely to be confused with any other
taxon in the fauna.

Types: Holotype USNM 32919; hypotypes USNM 130208-
130210,

Occurrence: Tennessee: Ripley Formation, loc. 1.

bama and Georgia (Chattahoochee River region):
Formation.

Ala-
Ripley

Genus Schizobasis Wade, 1916

Type by original designation, Schizobasis depressa
Wade.

Diagnosis—Medium-sized  depressed neritaform
shells with a strong and deep basal constriction and
whorls ornamented by strong nodose spiral cords.
Aperture subovate, notched posteriorly, and anteriorly
drawn out to a narrow, moderately long, curving
siphonal canal that is strongly bent back and pressed
against the shell base; outer lip simple, prosocline in
profile; inner lip bearing a sharp fold at base of
columella and immediately above the siphonal canal.

Discussion—Wade (1916, p. 468) proposed this
genus to include the type species Schizobasis depressa
from Coon Creek, Tenn., and an undescribed species
from the Ripley Formation at Eufaula, Ala. In 1926,
Wade described a second species, S. émmersa, from
Coon Creek and the Eufaula specimens may be in-
rluded thereunder.

The genus has been variously classified in the Tur-
binidae and Modulidae, but the presence of the dis-
tinctive siphonal canal allies it to the Muricacea along
with Hillites Stephenson.

The genus is known only from the Kwogyra costata
zone of the East Gulf Coastal Plain.

Schizobasis depressa Wade

Plate 20, figures 27-30, 33, 34 ; plate 21, figures 14

19016. Schizobasis depressa Wade, Philadelphia Acad. Nat. Sci.
Proc., v. 68, p. 469, pt. 24, figs. 8, 9, 10.

1925. Schizobasis depressa Wade. Cossmann, Essais Paléo-
conchologie Comparée, v. 13, p. 274, pl. 8, figs. 27, 30.

1926. Schizobasis depressa Wade, U.S. Geol. Survey Prof. Pa-
per 137, p. 177, pl. 59, figs. 17-19.

1940. Schizobasis depressa Wade. Wenz, Handbuch der Pa-
ldozoologie; Gastropoda, v. 6, pt. 4, p. 722, fig. 2002.

Diagnosis—A  Schizobasis with
noded wide strong spiral cords.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).
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Discussion—Schizobasis depresse. is known only
from its type locality on Coon Creek, McNairy
County, Tenn. Although it is not a common element
of the fauna, a number of well-preserved specimens
are available for study. These show only minor
variability in ornament and body proportions. One
specimen, an incomplete and immature topotype (pl.
20, figs. 29, 80), shows that the deeply impressed
sulcus at the base of the body does not develop until
the later stages of growth and that there is an um-
bilical opening in the early stages. In addition, fine
secondary spiral lirae are present in the spiral inter-
spaces, but are lost near the aperture on the larger
specimens.

Schizobasis immersa Wade differs by having less
broad spiral elements that are more numerous, more
closely spaced, and less coarsely noded. In addition
its spire is lower.

Types: Holotype USNM 73102; hypotypes USNM 130211-
130213,
Occurrence: Tennessee: Ripley Formation, loc. 1.

Schizobasis immersa Wade
Plate 20, figures 31, 32, 35, 36
1926. Schizobasis immersa Wade, U.S. Geol. Survey Prof. Pa-
per 137, p. 177, pl. 59, figs. 22, 23.
Diagnosis—A Schizobasis with a low spire and a
body whorl bearing eight close-spaced noded spiral

cords.
Measurements—Explanation of measurements and

symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).
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Discussion.—Only one specimen of Schizobasis im-
mersa, the holotype, is known from the type locality
on Coon Creek, McNairy County, Tenn. Two other
specimens in the collections of the U.S. Geological
Survey and labeled as being from “two miles below
Eufaula, Alabama” also appear to belong to the
species. This places the species at a higher strati-
graphic position within the Ripley Formation in
Alabama.

Schizobasis immersa differs from 8. depressa by its
finer spiral cords that are more numerous, less coarsely
noded, and closer spaced. In addition, the spire is
lower and the body whorl suture occurs higher on the
whorl sides of the penultimate whorl.
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Type: Holotype USNM 73103.
Occirrence: Tennessee: Ripley Formation, loc. 1.
bama: Ripley Formation.

Ala-

Family MAGILIDAE
Genus LATIAXIS Swainson, 1840

Type by monotypy, Pyrule mawae Gray, 1834.

Synonymy —Hippocampoides Wade, 1916.

Diagnosis—Medium-sized shells with a low to mod-
erately low spire; whorls possess a coarsely spinose
peripheral carina and a serrated umbilical margin;
aperture subovate, siphonal canal elongate, narrow
outer lip notched at peripheral carination; umbilicus
strong and open.

Discussion—The species herein placed in Latiawis
Swainson was originally described as the type species
of a new genus Hippocampoides by Wade in 1916.
The genus, as originally proposed (Wade, 1916, p.
467), was monotypic. In 1926, Wade described and
assigned a second species H. liratus to Hippocam-
poides. The later species is here designated the type
of the new genus Lowenstamia, which includes forms
differing from Hippocampoides serratus by having an
erect protoconch, heavy spiral ornament, a flaring
aperture with a wide short anterior canal, and lacking
the serrated umbilical margin and elongate notch at
the shoulder of the outer lip.

Probably because Wade failed to illustrate the aper-
ture of his species Hippocampoides serratus, subse-
quent authors (Cossmann, 1925; Wenz, 1938; Stephen-
son, 1941; Knight and others, 1922), followed him in
placing this genus in the Euomphalacea. However,
the presence of a siphonal canal and a notched outer
lip alone suffice for separation from that group. Be-
cause of the remarkable similarity of H. serratus com-
pared to the low-spired forms of Latiaxis such as L.
pilsbryi Hirsae (pl. 21, fig. 9), it is here placed within
that genus. Published accounts restrict Latiawis to
the Pliocene and Recent, which leaves a considerable
gap in the Tertiary record. Retention of the name
Hippocampoides appears justifiable only on the basis
of time lapse, which in my opinion is a negative
approach.

Latiaxis serratus (Wade)
Plate 21, figures 5-7, 11-13
1916. Hippocampoides serratus Wade, Philadelphia Acad. Nat.
Sci. Proc., v. 68, p. 467.
1925. Nummocalcar (Hippocampoides) serratus (Wade), Coss-
mann, Essais Paléoconchologie Comparée, v. 13, p. 284,
pl. 11, figs. 3-5.
1926. Hippocampoides serratus Wade, U.S. Geol. Survey Prof.
Paper 137, p. 176, pl. 59, figs. 9-11.
1938. Hippocampoides serratum Wade. Wenz, Handbuch der
Paliozoologie; Gastropoda, v. 6, p. 200, fig. 355.
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Diagnosis—Moderately small shells with a flat up-
per whor! surface, protoconch depressed, and whorl
sides unornamented save for growth lines.

Description—Shell moderately small, spire low or
flattened and slightly stepped above the body; apex
frequently depressed below whorl surface in its earli-
est stages. Protoconch depressed, small, consisting of
about 114 smooth well-rounded whorls. Demarcation
from teloconch accompanied by an abrupt increase in
whorl diameter and a flattening of the upper whorl
surface, followed by a development of whorl angula-
tions and appearance of growth lines. Protoconch
and first teloconch whorl generally depressed, occa-
sionally lying at a slight angle to teloconch axis.
Suture deeply impressed, whorls three in number.
Body whorl occasionally overlaps penultimate whorl
to a slight degree, and is peripherally angulated by a
sharp serrate carina; below peripheral carina body
slopes steeply adaxially to a slight spiral constriction.
Below constriction, whorl expands slightly to the edge
of the serrate umbilical carina. Sculpture limited to
growth lines that are slightly prosocline in trend over
the upper whorl face, very gently prosocline on the
whorl sides, becoming more strongly prosocline near
the aperture of the large forms. Aperture subcircular
to subovate, interrupted anteriorly by a narrow
siphonal canal that runs the length of the serrations
of the umbilical margin. Outer lip with an elongate
narrow channel that runs the length of the serrations
on the shoulder carination. Inner lip curved with a
tendency toward losing contact with body at edge.
Umbilicus wide and deep extending to apex and
bordered by a serrate umbilical carina.

Measurements—The holotype, the most complete
specimen, measures 11 mm in height and 20 mm in
diameter.

Discussion—Latiaxis serratus (Wade) is restricted
to its type locality on Coon Creek, McNairy County,
Tenn., where it is quite common. Although well rep-
resented in numbers, well-preserved individuals are
infrequently recovered due to the thin fragile nature
of the shell. Variation is slight and, for the most
part, affects the strength of the serrations and the
amount of elevation of the early whorls. The holo-
type as figured by Wade (1926, pl. 54, fig. 11) indi-
cates a specimen possessing a smooth spiral profile,
but more commonly the spire is slightly stepped with
the peripheral carina overhanging the suture on all
but the body whorl. The apertural view of the holo-
type on plate 21, figure 6, shows a thickened interior.
This is a gerontic development and specimens of
earlier developmental stages show thin lips (pl. 21,
fig. 5).
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There are no other known related Cretaceous species,
but the recent species L. pilsbryi (pl. 21, figs. 7-9),
from the Indo-Pacific realm, is a startling homeo-
morph. It differs by its less rapidly expanding whorls
and stronger serrations as well as having a propor-
tionally longer body and bears the faintest of spiral
lirae.

Types: Holotype USNM 73099; hypotypes USNM 130214,
130215.

Occurrence: Tennessee: Ripley Formation, loc. 1.

Genus LOWENSTAMIA Sohl, n. gen.

Type species, Lowenstamia funiculus Sohl, new
species.

E'tymology—The genus is named in honor of . A.
Lowenstam who has significantly contributed to the
knowledge of the Upper Cretaceous paleoecology of
the Mississippi embayment area.

Diagnosis—Medium-sized very low to flat-spired
broadly phaneromphalous shells; protoconch erect,
consisting of several smooth and rounded whorls;
whorls possess a flattened upper whorl face, a periph-
eral carination that is generally noded, and whorl
sides that slope adaxially to a sharply acute umbilical
margin. Sculpture of fine spiral lirae covering entire
shell surface and generally with spiral cords on the
whorl sides. Aperture flaring with a short open V-
shaped siphonal canal.

Discussion—This genus is erected to include three
known species, Lowenstamia funiculus Sohl, from the
Coffee sand of Mississippi; L. cucullata Sohl, from the
Owl Creek Formation of Mississippi; and Hippocam-
poides liratus Wade, from the Ripley Formation of
Mississippi and Tennessee. In addition, internal
molds occurring in the Prairie Bluff Formation of
Mississippi and Alabama may also be referable to
species of this genus. The presence of Lowenstamia
in the Corsicana Marl of Texas may be recorded by a
specimen figured as Hippocampoides sp. by Stephen-
son (1941, pl. 47, figs. 14, 25).

Hippocampoides Wade, to which several forms here
included in Lowenstamia were originally assigned, is
considered a synonym of Latiawis Swainson of the
Coralliophillidae. ZLowenstamia probably lies close to
that group in having a roughened surface like that of
Coralliophila and a shape much like the low-spired
forms of Latiawis, such as L. serratus (Wade) and L.
pilsbry: Hirsae. However, the short, wide, siphonal
canal and flared aperture serve to distinguish the
genus.

Lowenstamia shows a distinctive trend in its devel-
opment through time.
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F1cURE 14.—Development of the species of Lowenstamiea in the Up-
per Cretaceous of the Mississippi embayment region.

As is illustrated in figure 14, through its range,
Lowenstamia shows a reduction in the number of
spiral cords on the whorl sides between the peripheral
carination and the umbilical margin. The earliest
species, L. funiculus, possesses two cords, the Ripley
species, L. liratus, only one cord, and the Owl Creek
species, L. cucullata, has none.

Lowenstamia funiculus Sohl, n. sp.
Plate 21, figures 23, 26

Diagnosis—A Lowenstamia of medium size bearing
two nodose to subspinose spiral cords upon the whorl
sides between the peripheral and umbilical carinations.

Description—Medium-sized very low spired phane-
romphalus shells. Protoconch unknown. Suture im-
pressed with an irregular trace. Whorls with flat-
tened upper surface that may develop welts and bumps
and a coarse surface in later developmental stages;
whorls peripherally angulated by a strong nodose to
subspinose carina; whorl sides slope adaxially but are
broadly concave. Sculpture coarse; spiral ornament
consisting of fine rather flat topped irregular spiral
lirae that cover the shell surface and that override the
two strong spiral cords of the whorl sides. Transverse
sculpture poorly developed on upper whorl face and
restricted to broad swellings on the whorl sides.
Growth lines prosocline and more steeply inclined on
the upper whorl face than on the whorl sides. The
transverse elements increase in strength near the aper-
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ture and form a rugose imbricate surface. Aperture
subovate and flaring, interrupted anteriorly by a
somewhat curved broad V-shaped siphonal canal.
Outer lip thin at edge slightly crenulate where inter-
sected by the peripheral carinations and the cords of
the whorl sides; inner lip thin, flexed anteriorly, and
loosening from body on gerontic individuals. Umbili-
cus broad, deep, bordered by a serrate to subspinose
carinate margin.

Measurements—The holotype measures 33.7 mm in
diameter and 26 mm in height.

Discussion.—The holotype of Lowenstamia funicu-
lus is the only known specimen of the species and is
the only species of the genus to retain a relatively
complete aperture of a mature individual. Although
the specimen is from the Coffee Sand of Mississippi,
its deseription is inserted here for comparison with
the Ripley and Owl Creek species.

One of the main reasons for the retention of the
thin fragile outer lips on the holotype is that an
adhering worm tube supports the shell. The photo-
graphs (pl. 21, figs. 23, 26) have been retouched to
opaque out the distracting distortion of shape the at-
tached tube gives.

Type: Holotype USNM 130216.

Occurrence: Mississippi: Coffee Sand near Ratliff, Lee
County, Miss. (USGS colln. 26338).

Lowenstamia liratus (Wade)
Plate 21, figures 10, 14, 15, 18-20, 22, 25
1926. Hippocampoides liratus Wade, U.S. Geol. Survey Prof.
Paper 137, p. 176, pl. 59, figs. 13-15.

Diagnosis—A medium-sized Lowenstamia bearing a
single nodose spiral cord upon the whorl sides between
the peripheral and umbilical carinations.

Description.—Medium-sized very low spired phane-
romphalus shells. Protoconch of about two erect well-
rounded smooth whorls that stand up above the plane
of teloconch volution; junction with teloconch whorls
rather abrupt as whorls flatten and become peripher-
ally carinate. Suture impressed and irregular in trace.
Upper whorl face flat to hummocky, whorl sides
broadly concave below the strong peripheral carina-
tion. Sculpture of numerous rather flat topped ir-
regular spiral lirae that cover the surface and are
even Incised upon the one strong spiral cord that
occurs on the whorl side. Transverse ornament re-
stricted to low ribs of variable strength on the whorl
sides. Growth lines prosocline on the upper whorl
face and sides. Aperture incompletely known, but
bearing a broad V-shaped siphonal canal and an angu-
lar notch in the outer lip at the peripheral carination.
Umbilicus broad, deep, and margined by a strong
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carination that becomes noded in later developmental
stages.

Measuremenis—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).
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Discussion—Lowenstamia liratus (Wade) is well
represented in the collections from the Ripley Forma-
tion of both Mississippi and Tennessee. In general,
the shells are fragile, and all specimens bear an in-
complete aperture. In comparison to the specimens
from the type locality on Coon Creek in McNairy
County, Tenn., the specimens from the Ripley Forma-
tion of Mississippi appear to be proportionately higher
but compare well in other respects. (Compare pl. 21,
figs. 15, 19.)

The single strong spiral cord on the whorl sides
distinguishes L. Lratus from the other members of
the genus.

Types: Holotype USNM 73100; hypotypes USNM 130217-

130220.

Occurrence: Tennessee: Ripley Formation, loc. 1. Missis-
sippi: Ripley Formation, locs. 5-9, 17, 18, 32(?). Georgia and
Alabama (Chattahoochee River region) Ripley Formation.

Lowenstamia cucullata Sohl, n. sp.
Plate 21, figures 24, 27

Diagnosis—A Lowenstamia with a shell that is
small for the genus and having whorl sides that are
marked only by broadly round topped spiral lirae.

Description—Moderately small low-spired broadly
phaneromphalus shells. Protoconch erect with smooth
round-sided whorls. Suture impressed and irregular
in trace. Upper whorl surface flattened, sides broadly
concave and peripherally angulated by a nodose
carina. Sculpture consisting of numerous broadly
round topped spiral lirae that cover the surface and
are narrower than their interspaces. Transverse ele-
ments poorly developed and restricted to broad collab-
ral swellings. Growth lines prosocline. Aperture
incompletely known. Umbilicus broad and deep, bor-
dered by a circumbilical carination.

Measurements—The holotype measures 12.5 mm in
diameter and 5.5 mm in height.

Discussion—Only two specimens of Lowenstamia
cucullata are present in the Owl Creek Formation of
Mississippi. They can easily be distinguished from
the other members of the genus in their lack of a
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strong cord upon the whorl sides and in their more
widely spaced spiral lirae.
Types: Holotype USNM 20455; paratype USNM 20456.
Occurrence: Mississippi: Owl Creek Formation, locs. 42, 46.

Lowenstamia cf. L. subplanus (Gabb)
Plate 21, figures 16, 17, 21
cf. 1860. Straparolus subplanus Gabb, Philadelphia Acad. Nat.
Sci. Jour., 2d ser., v. 4, p. 300, pl. 48, figs. 4a, b.
cf. 1941, Weeksia subplonus (Gabb). Stephenson, Texas Univ.
Bull. 4101, p. 258.

Discussion—The holotype of Gabb’s species Strapa-
rolus subplanus is an internal mold from the Prairie
Bluff Chalk of Alabama and is preserved in the col-
lections of the Academy of Natural Sciences of Phila-
delphia (ANSP 15419). Internal molds from the
same formation in Mississippi are here tentatively
compared with Gabb's species.

The molds are those of a low-spired shell having a
wide umbilicus that loosens somewhat in coiling on
larger specimens. Besides shape, some of the molds
also reflect an aperture having a broad V-shaped
siphonal canal and a notch at the peripheral angula-
tion. Occasional small patches of ornament and one
specimen retaining the external mold of the umbilical
walls (pl. 21, fig. 21) indicates the shell surface bore
strong spiral lirations. All these features taken to-
gether indicate a close affinity to Lowenstamia.
Weeksia, to which Stephenson (1941) assigned Gabb’s
species, is a discoidal form lacking pronounced spiral
ornament and a siphonal canal.

Types: Figured specimens USNM 130221 and 130222.

Occurrence: Mississippi: Prairie Bluff Chalk, locs. 54, 57,
66, 67, 71, 74, 82, 88. Alabama: Prairie Bluff Chalk.

Superfamily BUCCINACEA
Family BUCCINIDAE

Genus STANTONELLA Wade, 1926

Type by original designation, Stantonelle subnodosa
Wade.

Synonymy.—Aliofusus Stephenson, 1941 (in part).

Diagnosis—Medium-sized strong fusiform shells
with a turreted spire; whorls posteriorly constricted
to a nodose collar, shoulder strong, and body sharply
constricted anteriorly to an elongate twisted siphonal
canal that is bordered above by a distinct oblique
swelling at the base of the columellar lip.

Discussion—Wade (1926, p. 127) proposed this
genus for two species, Stantonella subnodosa Wade
from the Ripley Formation of Coon Creek, Tenn., and
Chemnitzia interrupta Conrad from the Owl Creek
Formation. Both these species are based upon incom-
plete holotypes that lack the siphonal canal. This led
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Wade to assume the columella was smooth. The
specimen of 8. ripleyana (Conrad) figured on plate
92, figure 18, indicates the anterior canal to be long
and twisted and bordered by a low oblique swelling
or fold at the base of the columella. This misunder-
standing led to the introduction by Stephenson (1941,
p- 336) of the name Aliofusus. He stated

Specimens in the collections of the U.S. National Museum from
the Ripley formation, Eufaula, Alabama, and from Union
County, Mississippi, labelled Strepsidura interrupta Conrad
and Fusus sp. probably belong to this genus (Aliofusus).
These specimens (USNM 21161, 20550, 20525, 20500)
all belong to Strepsidura ripleyana Conrad a species
here included in Stantonella. Stephenson (1941, p.
336) also included Pyrifusus monmouthensis Gardner
(1916, p. 459) in Aliofusus, but this form appears to
be a Stantonello also. Aliofusus Stephenson is prob-
ably a related form of which not all the features of
the anterior extremities are known. Allofusus lacks
the distinctive posterior noded collar of Stantonella,
has a sloping rather than an excavated shoulder area,
and is more truly fusiform in outline. In the char-
acter of the protoconch, general trend of the growth
lines, and in possessing a twisted siphonal canal the
two genera are similar. Aliofusus reagani subtilis
Stephenson even shows a few faint rudimentary nodes
at the suture, which support a close relationship. It
is entirely possible that Aliofusus deserves no more
than subgeneric separation, but until the two taxa are
more fully understood it appears wise to keep them
separate.

As here defined the earliest occurrence of a described
species of Stantonella appears to be in the Snow Hill
Marl Member of the Black Creek Formation of North
Carolina, where it is represented by Fasciolaria?
rugose Stephenson. At about the same level in the
Coffee Sand of Mississippi (USGS colln. 25483) there
are incomplete specimens of a very similar species.
Other species occur as high in the section as the Owl
Creek and Providence Formations. Among other un-
described species the oldest occurrence lowers the
range of Stantonelle to the late Coniacian or San-
tonian where specimens have been found in the Eutaw
Formation of Russell County, Ala. (USGS 27065).

The following is a list of species that should be
assigned to Stantonello Wade.

Stantonella subnodosea Wade, Ripley Formation, Tennessee

Fasciolaria? rugosa Stephenson, Black Creek Formation, North
Carolina

Strepsidura ripleyana Conrad, Ripley Formation, Mississippi
interrupta Conrad, Owl Creek Formation, Mississippi

Pyrifusus monmouthensis Gardner, Monmouth Formation,
Maryland
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Stantonella sp., Providence Sand, Georgia
cf. 8. rugosa Stephenson, Coffee Sand, Mississippi
sp., Escondido Formation, Texas

Fasciolaria? lyelli Stephenson, Black Creek Formation, North
Carolina (assignment questionable)

Wade (1926, p. 127) assigned Stantonella to the
Fusidae. Stephenson (1941, p. 332) questionably as-
signed it to the Buccinidae. Wenz (1941, p. 1190)
was also of the opinion that Stantonella should be
placed in the Buccinidae. It is here placed in the
Buccinidae close to Z'ryonella Stephenson and Alio-
fusus Stephenson as those genera also possess the
twisted siphonal canal and the strongly shouldered
whorls that are posteriorly constricted to a collar.

Stantonella subnodosa Wade
Plate 22, figures 14, 15
1926. Stantonella subnodosa Wade, U.S. Geol. Survey Prof.
Paper 137, p. 127, pl. 45, figs. 7, 8.

Diagnosis—A large Stantonelle with elongate
whorls; subsutural collar covered by numerous thin
sharp transverse ribs that die out at the shoulder.

Measuremenis.—The holotype (USNM 32887) is
missing both the apical and anterior extremities, but
as preserved, measures 43.5 mm in height and has a
maximum diameter of 25.1 mm.

Discussion.—The holotype is the only specimen of
this species available for study. The siphonal canal
of this specimen is broken, but the beginnings of a
curved siphon and the highly oblique but abrupt upper
border of the siphonal canal can be seen (pl. 22, fig.
15).

This species, which occurs only in the Ewogyra
cancellata zone, is more closely related to the species
occurring below this zone than those above. Like
Fasciolaria? rugosa Stephenson, from the £. ponder-
osa zone of North Carolina, the subsutural collar bears
thin transverse ribs (pl. 22, fig. 14), but Stephenson’s
species has a shoulder that is more coarsely noded by
strong and less continuous transverse ribs. Al the
species occurring above the . cancellata zone in the
Ripley and Owl Creek Formations and their equiva-
lents develop strong nodes on their collars in place of
the more numerous fine riblets of 8. subnodosa.

Harbison (1945, faunal list) cites this species as
occurring in the Ripley Formation at Union County
Lake, Union County, Miss. (loc. 18). Her collections
are preserved at the Academy of Natural Sciences of
Philadelphia and the Stantonella referred by her to
8. subnodosa Wade belongs in 8. ripleyana (Conrad).

Type: Holotype USNM 32887.
Occurrence: Tennessee: Ripley Formation, loc. 1.
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Stantonella ripleyana (Conrad)
Plate 22, figures 8, 9, 18-21
1860. Strepsidura ripleyana Conrad, Philadelphia Acad. Nat.
Sci. Jour., 2d ser., v. 4, p. 286, pl. 46, fig. 12.

Diagnosis—Medium-sized stantonellas with a
strongly noded posterior collar and a very elongate
twisted siphonal canal.

Description—Shell of medium size with a turreted
spire slightly less than one-third total shell height;
pleural angle near 50° on mature specimens but
greater on immature forms. Protoconch of 814
smooth trochoid round-sided whorls expanding at a
lesser rate than teloconch whorls; initiation of orna-
ment gradual; close-spaced broad transverse ribs with
spiral ribbons in the rib interspaces present on the
first teloconch whorl. Suture impressed. Typical
shouldered whorls do not develop until the second
teloconch whorl. Teloconch whorls number 6-7 and
are posteriorly constricted to a strong subsutural col-
lar below which is a strongly excavated band leading
to the nodose shoulder; below the shoulder the body
is very broadly rounded over the periphery, then
slopes moderately to the anterior canal that is long
and twisted. Sculpture on earlier whorls differs from
that on later whorls; transverse sculpture consists of
coarse ribs that are direct and continuous suture to
suture on the round sides of the first teloconch whorl;
with the development of the shoulder on the second
whorl the ribs retract from the suture to the shoulder
and become more widely spaced; on the third telo-
conch whorl, nodes on the collar develop in harmony
with the ribs, but have an excavated area between
shoulder and suture that is barren of transverse orna-
ment save for growth lines and occasional connective
swellings; on the body the transverse ribs decrease in
strength below the shoulder and die out on the basal
slope; transverse ribs number 16-20 on the body
whorl. Spiral sculpture on early whorls is composed
of broad spiral ribbons with very narrow interspaces
that are absent on the excavated band between shoul-
der and collar and strongest on the shoulder angula-
tion where they are accentuated to nodes; on later
whorls spiral development varies, but commonly is
restricted to spiral cords on the basal slope. Aperture
incompletely known, subovate, notched posteriorly and
produced anteriorly to a moderately long and twisted
narrow siphonal canal. Inner lip curved, callused
over both the parietal and columellar lips to the
siphonal canal entrance. Columella bears a swollen
ridge just above siphonal canal.
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Measurements.—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).
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Loc. H MD H spire | MD:H
spire
47.5 22.8 14.5 1.6
3134 16.0 9.8 1.6
36. 84 20.0 10.6 1.9
3104 15.6 10.4 1.5
40. 54 25.5 18.5 L5
42.04 24.8 | e
20.1 [ S D IR
22.4 11,9 |- oo
41.5 21.5 13.3 1.6
3.8 18.2 10.3 1.8

Discussion.—The holotype of Strepsidura ripleyana
Conrad is in the collections of the American Museum
of Natural History in New York (AMNH 9063). This
specimen (pl. 22, fig. 9) lacks the last one-quarter of
the body whorl and has a more twisted siphonal canal
than is indicated on Conrad’s illustration. A compari-
son of the illustration and the type specimen indicates
the former to have been somewhat idealized although
the last part of the body whorl has evidently been
subsequently lost due to breakage as the remnants of
repair work remain.

One specimen in the collections of the Academy of
Natural Sciences of Philadelphia (ANSP 14561) is
labeled as the type of Strepsidura ripleyana Conrad.
However, this specimen, although belonging to this
species, does not compare in size and detail to that
figured by Conrad (1860, pl. 46, fig. 12), but was prob-
ably only a supplementary type.

Specimens of this species are not abundant at any
given locality, but individuals have been recovered
from most all of the collecting localities. Generally,
the shells, owing to their stoutness, are recovered in a
good state of preservation, but, with the exception of
the specimen on plate 22, figure 18, all lack the ex-
treme anterior tip of the siphonal canal. Variation
in shape is restricted to minor fluctuations of obesity,
but variation in the strength of ornament is greater.
Some specimens retain spiral ornament until a late
stage (pl. 22, fig. 20), although generally such orna-
ment is best developed only on the younger specimens
(pl. 22, fig. 9) and becomes obsolete and restricted to
the base at maturity (pl. 22, fig. 19). Transverse
ornament is more stable, but the length of the ribs are
variable to a minor degree. Differences in the strength
of the nodes of the collar are present but also minor.

Stantonella ripleyana (Conrad) is distinguished
from 8. subnodosa Wade and its allies by having more
abruptly constricted whorls, having nodes on the col-
lar and by having a somewhat more strongly sinuous
growth line. Chemnitzia interrupta Conrad from the
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Owl Creek Formation is larger, has a stronger
columellar welt, and has more continuous transverse
ribs, which are bowed over the periphery rather than
directly opisthocline.

Types: Holotype AMNH 9063 ; paratype? ANSP 14561; hy-
potypes USNM 130223-130225.

Occurrence: Mississippi: Ripley Formation, locs. 6, 7, 9, 9a,
12-18, 23, 27, 29, 32. Alabama and Georgia: Ripley Formation.

Stantonella interrupta (Conrad)
Plate 22, figures 33, 34, 35
1858. Chemnitzia interrupta Conrad, Philadelphia Acad. Nat.
Sci. Jour. 24 ser., v. 3, p. 333, pl. 35, fig. 15.

Diagnosis—Shell large for genus; subsutural collar
noded, transverse ribs arcuately bowed over whorl
sides; spiral ornament suppressed or wanting on
periphery.

Description.—Shells stout but of medium size; spire
turreted, less than one-third total shell height; pleural
angle about 70° at maturity. Protoconch unknown.
Suture impressed. Whorls strongly shouldered, con-
stricted posteriorly to a strongly nodose subsutural
collar; below shoulder, body is broadly rounded down
to a strongly constricted base with a strongly curved
siphonal canal. Sculpture dominated by strong trans-
verse ribs that are closer on the earlier whorls and
number 20-24 per whorl; ribs are subdued above
shoulder, but a subsutural row of nodes occurs in har-
mony with rib position; below, shoulder ribs continue
over periphery with diminished strength, dying out
on basal slope. Spiral ornament consists of four faint
lirae that override ribs on early whorls, but on body
whorls are restricted to wide-spaced weak to moder-
ately strong cords on the basal slope and siphonal
canal. Growth lines sinuous, prosocline between suture
and shoulder, arcuate to almost orthocline between
shoulder and basal slope. Aperture moderately broad,
posteriorly notched and anteriorly drawn out to a
moderately long siphonal canal that is strongly flexed
to the left. Outer lip incomplete, thickened at edge,
angulated at shoulder. Inner lip curved, callus mod-
erately thin. Columella with a swollen ridge imme-
diately above siphonal canal.

Loc. H MD H spire | MD:H
spire
B2 5 0101700« S 65+ 38.0 21.0 1.8
D 584 33.0 19.2 L7
41. 4+ 24.4 13.0 1.8
37.2 21.0 12.0 17

Discussion.—The holotype figured by Conrad (1858,
pl. 35, fig. 15) is not in the collections of the Academy
of Natural Sciences of Philadelphia nor in the col-
lections of the American Museum of Natural History
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and it is presumed to be lost. Conrad’s figure is of an
incomplete specimen that preserves only the penulti-
mate whorl and part of the body whorl and lacks the
anterior canal. The specimen figured on plate 22,
figure 22, is a much more complete specimen that
agrees well with Conrad’s description.

The species is widely distributed in the Owl Creek
Formation of Mississippi and is represented by a con-
siderable number of specimens in various states of
preservation. In Tennessee, specimens have been re-
covered from the reworked zone at the base of the
Clayton Formation. In Georgia, the species occurs at
several localities in the Providence Sand.

Within suites of topotypes the greatest variation is
in the strength of spiral ornament, which ranges from
total absence, save for the cords of the base, to speci-
mens having broad low spiral ribbons over the
periphery.

Stantonella interrupta (Conrad) is closely related
to Stantonella ripleyana (Conrad), differing in its
higher apical angle, its larger size, and in its more
continuous more arcuate transverse ribs that are al-
most orthocline in trend below the shoulder (pl. 22,
fig. 21). Pyrifusus monmouthensis Gardner (1916,
pl. 16, figs. 5, 6) is closely similar but is based on a
single incomplete specimen. Its proportions and
characters are such that it is questionable if Gardner’s
species should be considered distinct, but better pre-
served material from Maryland is necessary before a
decision can be reached. At the same level in the
Providence Sand of Georgia (USGS colln. loc. 855),
an unnamed species occurs that is distinguished by
having close-spaced axial ribs on the spire that be-
come restricted and finally disappear on the body
whorl.

Types: Holotype ANSP lost(?); hypotypes 130226-130228.

Occurrence: Mississippi: Owl Creek Formation, locs. 44, 46.

Tennessee: Clayton Formation (reworked Owl Creek at base),
loc. 40. Georgia: Providence Sand.

Stantonella? sp.
Plate 22, figures 12, 13 ; plate 23, figures 18, 19, 26

Discussion—Among the Geological Survey collec-
tions from the Prairie Bluff Chalk, a large number
of phosphatic internal molds of mollusks conform in
size and shape to Stantonella. Some specimens bear
the reflection of strong external transverse ribs that
trend much the same as do the ribs of S. énterrupta
(Conrad) (pl. 22, figs. 12, 13). Their apertural out-
line indicates a posterior notch and the presence of a
shoulder. Other molds although similar to Stanton-
ella in shape, reach the very considerable size of 72
mm in length (pl. 23, fig. 26), much larger than any
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known member of the genus and make their classifica-
tion here tenuous.
Types: Figured specimens USNM 130229-130231.

Occurrence: Mississippi: Prairie Bluff Chalk, locs, 71, 82,
87, 90, 91, 92, 94,

Genus ALIOFUSUS Stephenson, 1941

Type by original designation, Aliofusus reagani
Stephenson.

Diagnosis—Subfusiform shells with a spire less
than half total shell height. Suture impressed, bor-
dered by a narrow poorly defined collar below which
body slopes to a shoulder; body broadly rounded be-
low shoulder and becoming more steeply sloping over
base. Sculpture of moderately strong collabral trans-
verse ribs on shoulder and periphery; spiral sculpture
of numerous close-spaced spiral lirae of variable
strength. Aperture subrhomboidal in outline; outer
lip notched at shoulder in harmony with the growth
line sinus; columella smooth, slightly twisted.

Discussion.—Stephenson (1941, p. 336) proposed
this genus for one species and two varieties from the
Nacatoch Sand of Texas. He also included Pyrifusus
monmouthensis and specimens labeled Strepsidurae
interrupta Conrad and Fusus sp. from the Ripley For-
mation of Mississippi and Alabama in the collections
of the Geological Survey. As noted under the dis-
cussion of the genus Stantonella, all the species cited
save the type species Alofusus reagani Stephenson
belong in Stantonella. It should be pointed out that
Aliofusus reagani Stephenson and the two varieties
A. reagani subtilis and A. reagani tumidus are all
from the same collection and same locality and should
not be considered as separate subspecies, but mere
varietal differences of no provable taxonomic signifi-
cance. Stephenson (1952, p. 184) later assigned shells
from the Woodbine Formation of Texas to Alofusus.

Aliofusus is superficially similar to shells of several
other genera occurring in the Ripley fauna of the
embayment region. The species Wade (1926, p. 131-
132) assigned to Cryptorhytis possess a similar out-
line, shoulder, ornament, and growth line but possess
plications on the columella. Woodselle Wade (1926,
p- 129) has coarser transverse ornament and a thicker
contorted columella that is swollen above the anterior
canal.

Aliofusus stamineus Sohl, n. sp.
Plate 22, figures 10, 11

Diagnosis—Shell small for genus with narrow high
sharp transverse costae that are accentuated to sharp
nodes at the shoulder.

Description—Shell of medium size, subfusiform;
spire turreted on early whorls becoming less pro-
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nouncedly so on later whorls as shoulders begin to
droop; pleural angle 45°-50°. Protoconch trochoid
and erect consisting of about 314 smooth round-sided
whorls; junction of conch abrupt with addition of
transverse ribs. Whorls number 5-6; body constricted
posteriorly to a poorly defined subsutural collar, below
which it slopes somewhat concavely to a strong sharp
shoulder; periphery rounding down to a steep basal
slope. Sculpture of first teloconch whorl consists of
a few broad strong but low transverse costae that are
continuous suture to suture; a shoulder develops on
the second teloconch whorl and becomes accentuated
on the third whorl; on the fifth whorl the trend of the
ribs across the slope between suture and shoulder be-
comes obscure; on the latter part of the body the
transverse costae are restricted to the shoulder and
periphery, only low swellings mark their position over
the subsutural area and are accentuated at the shoulder
to sharp nodes; 13 transverse ribs are present on the
body whorl of the holotype. Spiral ornament consists
of broad low almost flat-topped lirae that alternate
with thinner secondary lirae. Growth lines prosocline
above shoulder, form a moderately strong sinus over
the shoulder and become opisthocline over the periph-
ery. Aperture angularly subovate, angulated posteri-
orly, and anteriorly produced to a narrow elongate
slightly twisted siphonal canal; outer lip thin at edge,
indented at shoulder; inner lip excavated, thinly cal-
lused. Columella smooth.

Measurements—The holotype, missing the extreme
anterior tip of the shell, measures 23.7 mm in height
and 12.5 mm in diameter.

Discussion.—This species is based on two specimens
from the lower part of the Ripley Formation of Mis-
sissippi. Compared with Aliofusus reagani Stephen-
son, A. stamineus i1s more sharply shouldered, has
fewer sharper more widely spaced transverse ribs, a
less distinct collar, and a more strongly constricted
body.

Types: Holotype USNM 130232 ; paratype USNM 130233.
Occurrence: Mississippi: Ripley Formation, locs. 6, 18.
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Genus BUCCINOPSIS Conrad, 1857
(not Buccinopsis Deshayes, 1865, not Buccinopsis
Jeffreys 1867, not Buccinopsis (Bayle) Mayer, 1876)
1857. Buccinopsis Conrad, 1857, Rept. U.S.
Boundary Survey, v. 1, pt. 2, p. 158.
1917. Seminole Wade, Philadelphia Acad. Nat. Sci. Proc., v.
69, p. 290.
1918. Seminole Wade, (misprint for Seminole) Am. Jour. Sci.,
4th ser., v. 45, p. 334.
1920. Ripleyia Cossmann, Rev. Critique Paléozoologie et Pa-
leophytologie, v. 24, no. 3, p. 137.
1926. Seminola Wade, U.S. Geol. Survey Prof. Paper 137, p.
144.

and Mexican
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Type by monotypy, Buccinopsis perryi Conrad,
1857.

Diagnosis—Globose low-spired shells with well-
rounded to well-shouldered whorls that are constricted
posteriorly to a subsutural collar and anteriorly to a
twisted short pillar. Pillar bounded above by a deep
sulcus that terminates in a tooth on the outer lip.
Siphonal notch deep and fasciole corrugated. Sculp-
ture variable, of both transverse and spiral elements.

Discussion—Conrad (1857, pt. 2, p. 158) described
an internal mold, from what is now known as the
Escondido Formation (Dumble, 1911), under the
name Buccinopsis perryi. The holotype is preserved
in the collections of the U.S. National Museum. Bet-
ter preserved specimens from the Escondido Forma-
tion in the collections of the U.S. Geological Survey
(pl. 23, fig. 25) show this species possesses the typical
shape and fasciolar characters of the better known
genus Seminola Wade. As Buccinopsis Conrad has
priority it must supplant Seminola Wade.

Although Wade (1926, p. 144) stated he was pro-
posing the genus Seminola for five species, he listed
six,
two from Coon Creek (8. crassa Wade and §. solida Wade),
one from Owl Creek, and two from the Ripley formation of

Texas * * * and one species from Pataula Creek, Ga., de-
scribed under the name Nassa globosa.

The type locality of this latter species is actually in
the Snow Hill member of the Black Creek Formation
of North Carolina (Stephenson, 1923, p. 375) and the
two species from the “Ripley” (= Nacatoch Sand) of
Texas probably belong to S. crassa Wade (Stephen-
son, 1941).

The earliest known occurrence of Buccinopsis is an
undescribed species in the uppermost part of the
Eutaw Formation in Alabama (USGS colln. 27065),
but the genus is better represented near the top of the
Exogyra ponderosa zone by Nassa globosa Gabb and
8. greenensis Stephenson, from the Snow Hill Marl
Member of the Black Creek Formation of North Caro-
lina. An undescribed species occurs at about this
same stratigraphic level in the Wolfe City Sand
Member of the Taylor Marl in Texas. Seminola
crassa Wade, S. solida Wade, Buccinopsis dorothiella
Sohl, Fascioloria crassicostata Gabb (1877, p. 282),
an undescribed species from Pataula Creek, Ga., and
Buccinopsis perryi Conrad all occur within the Ezo-
gyra costata zone. As known, Buccinopsis is restricted
to the Gulf and Atlantic Coastal Plains and ranges
through the Ewxogyra ponderosa and Ewxogyra costata
zones (Santonian? to Maestrichtian).

Although not abundant at any given locality, speci-
mens of Buccinopsis are found well distributed and
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owing to their stout strong shell, are usually well
preserved.
Buccinopsis crassa (Wade)
Plate 22, figures 1, 2

Seminola crassa Wade, Philadelphia Acad. Nat. Sci.
Proc., v. 69, p. 291, pl. 19, figs. 6, 7.

Seminole crassa Wade. Cossmann, Rev, Critique Paléo-
zoologie, v. 22, no. 1-2, p. 21.

Ripleyia crassa (Wade). Cossmann, Essais Paléoconcho-
logie Comparée, v. 13, p. 259, pl. 11, figs. 1, 2.

Seminola crassa Wade, U.S. Geol. Survey Prof. Paper
137, p. 145, pl. 50, figs. 9-12.

Seminola crasse Wenz. Handbuch der Paliiozoologie;
Gastropoda, v. 6, pt. 5, p. 1184, fig. 3369.

1941. Seminole crassea Wade. Stephenson, Texas Univ. Bull

4101, p. 329, pl. 63, figs. 1-4.

1917.
1918.
1925.
1926.

1941.

Diagnosis—Large buccinopsids with a highly in-
clined broad siphonal fasciole bordered above by a nar-
row deep slit; ornament becoming increasingly obsolete
with growth.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H | MD I HB | H:D |HB:H |HB:MD

1 (holotype) .. 7.3| 485| 486| L5 | o068 1.0
1 (paratype). .. 52.7 | 37.5| 37.7| 1.4 .73 Lo
406 34| 37| L3 | B 10

794 || 65.4 |- -

80.0 | 6L 0| 2| 1A [l il

7| 52| 34| L4 |68 Lo

226 | 207| 204| L1 | (980 10

Discussion—With the exception of Buccinopsis

perryi Conrad this is the largest of the buccinopsids.
The large strong shells of B. c¢rassa are known only
from the Ripley Formation at the type locality on
Coon Creek, McNairy County, Tenn., and from the
Nacatoch Sand of Texas. The younger individuals
are proportionally broader than the more mature
forms and in addition possess a less corrugated si-
phonal fasciole. (See pl. 22, figs. 1, 2; Stephenson,
1941, pl. 63, fig. 3.) The strongest development of
ornament comes with the medial stages (Wade, 1926,
pl. 50, figs. 10, 11). On the specimens from the Rip-
ley Formation in later stages the ornament becomes
more subdued and the siphonal fasciole more coarsely
ridged. On the largest Nacatoch specimens (USNM
77029) the spirals continue well on to the advanced
stages, but the transverse ribs become mere swellings
and the growth lines strengthen.

In its mature form, B. crassa is not likely to be
confused with other species. In its earlier stages it
differs from B. solida in lacking a distinct collar be-
low the suture as well as in the character of the
siphonal fasciole. In addition, B. solida has nar-
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rower transverse ribs and wider spaced but more
uniform spiral ribbons. Buccinopsis dorothiella pos-
sesses a more poorly developed tooth on the lower
outer lip, is slimmer in outline, has a more distinct
collar, and is almost devoid of spiral ornament on
the medial part of the whorl. Buccinopsis crassi-
costata of the Owl Creek shows poorly developed
ornament at a very early stage and a complex fas-
ciolar area.

Types: Holotype and paratype USNM 3291; hypotypes

USNM 77029 and USNM 130234.
Occurrence: Tennessee: Ripley Formation, loc. 1. Texas:
Nacatoch Sand.

Buccinopsis solida solida (Wade)
Plate 22, figures 4, 5
1917. Seminola solida Wade, Philadelphia Acad. Nat. Sci. Proc,,
v. 69, p. 292, pl. 19, figs. 1, 2.
1920. Ripleyia solide (Wade), Cossmann, Rev. Critique Paléo-
zoologie et Paleophytologie, v. 24, no. 3, p. 137.
1926. Seminola solide Wade, U.S. Geol. Survey Prof. Paper
137, p. 145, pl. 51, figs. 1, 2.

Diagnosis—Medium-sized globose low-spired buc-
cinopsids with equispaced moderately strong slightly
prosocline transverse costae that are overridden by
numerous spiral ribbons. Spiral ribbons cover all
the shell surface but the sutural collar and siphonal
fasciole.

Description.—Shells of medium size, thick, globose,
and low spired; pleural angle 80°-95°; protoconch
unknown. Suture impressed, trace irregular. Whorls
about six; body constricted above to a short sub-
sutural collar that is followed below by a narrow
shoulder. Body well rounded over the periphery and
base and finally becomes constricted to the siphonal
fasciole, which is separated from the body by a
spiral sulcus. Sculpture strong; collabral transverse
costae about as wide as their interspaces, crossing the
whorls from the shoulder to the spiral sulcus but are
only faintly developed on the collar; growth lines
slightly prosocline over body but markedly reflexed
over the spiral sulecus and forming a sharp parasig-
moidal curve over the siphonal fasciole. Spiral rib-
bons numerous on body (12 on largest specimen) and
not as wide as interspaces but absent on collar. Aper-
ture subovate, posteriorly notched, anteriorly pro-
duced to a short, broad, notched recurved anterior
canal; outer lip thin, crenulate at position of spirals
with a toothlike projection at the anterior termina-
tion of the spiral sulcus; inner lip medially excavated
with a callus extending out over parietal lip onto
body and down over columellar lip. Columella bears
a heavy oblique fold bordering anterior canal.
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Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc, H MD HB H:D
R A —— bt IO S S
_____________________________ 20 17 16.2 1.

1 (topotype) - - ... 27.8 19.8 21.0 1.3
Doi. R 31 21. 6+ 22.5 1.4
Do... R 28 21 19.9 1.3

18 ... L 40.5 32.2 30 1.2

18 23.4 19.4 17.8 1.2

e e T 31.2 24.5 25.0 1.3

29 T 25.5 22,0 17.9 1.2

1 Estimated.

Discussion—The globose shells of this species range
from the base to near the top of the Ripley Forma-
tion. A closely related subspecies is present in the
Owl Creek Formation. The specimens from the Coon
Creek member in Tennessee are small, but with the
exception of being slightly narrower they compare
well with specimens of a similar size from the Ripley
Formation of Mississippi. The total size attained by
some individuals from the Ripley Formation of Mis-
sissippi is several times that of the type specimens
from the Ewogyra cancellata zone.

Buccinopsis solida is distinguished from B. crassa
Wade, with which it occurs at the type locality in
Tennessee, by its smaller size at maturity. In speci-
mens of the same size (see pl. 22) it differs by its
proportionally shorter more rounded body, sutured
collar, less obtuse spire, less lenticular aperture, longer
and less wide transverse costae, lack of secondary
spirals, and fasciolar characters. B. dorothiella Sohl
from the Ripley Formation is slimmer and lacks
spirals on the whorl periphery. B. crassicostata
(Gabb) has finer closer spaced spirals and coarser but
less continuous transverse costae.

Types: Holotype and paratype USNM 22912; hypotype
USNM 130235.
Occurrence: Tennessee: Ripley Formation, at loc. 1. Mis-

sissippi: Ripley Formation, locs. 5, 6, 18, 29, 32.

Buccinopsis solida sulcata Sohl, n. subsp.
Plate 22, figures 6, 7

Diagnosis—Medium-sized buccinopsids with a nar-
row crenulate moderately deep channeled suture.

Measurements—The holotype measures 29.6 mm in
height, 23.8 mm in diameter, with a body whorl 23
mm high.

Discussion—Only two specimens are known, both
were recovered from the reworked marl of the Owl
Creek at locality 40, Hardeman County, Tenn. They
differ from Buccinopsis solida solida Wade by having
a suture lying at the base of a narrow moderately
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deep channel, which is highly irregular in trend be-
cause it is molded around the transverse ribs of the
preceding whorl. In addition, spirals are more numer-
ous on B. solida sulcata and the transverse costae
proportionately broader.

Type: Holotype USNM 130236.

Occurrence: Tennessee: Clayton Formation (reworked Owl
Creek), loc. 40.

Buccinopsis dorothiella Sohl, n. sp.
Plate 23, figures 9-13

Diagnosis—Shell small for a buccinopsid with al-
most flat-sided whorls that bear few or no spirals
on the periphery of the whorls.

Description—Shell of medium size, subglobose in
outline; spive low, less than one-third total shell
height; pleural angle 75°-85°. Protoconch incom-
pletely known, smooth, trochoid and erect, with a
lesser pleural angle than conch; ornament developed
early and consists first of transverse ribs. Whorls
four to five in number, increasing rapidly in size;
suture impressed, irregular. Body whorl constricted
below suture to a moderately narrow collar that is
followed by a strong shoulder; the body is very broadly
rounded over the periphery and is constricted below
to a siphonal fasciole bordered above by a strong
spiral sulcus. Transverse sculpture consists of colla-
bral ribs that are broader than their interspaces and
strongest at the shoulder but become faint over the
basal slope. Spiral sculpture consists of cords of
variable strength; three weak cords occur on the col-
lar followed by five strong cords over the shoulder;
the periphery lacks all but the faintest traces of
spiral ornament; strongest spiral cords occur on the
basal slope where they number three to five. Growth
lines faint, prosocline over the collar, orthocline over
the periphery, sharply reflexed back over the basal
sulcus and forming a broad S-shaped trend over the
siphonal fasciole. Aperture subovate, notched pos-
teriorly, and interiorly produced to a short, broad,
recurved siphonal canal. Outer lip thin at edge, cren-
ulate at intersection of spiral cords, with a toothlike
projection above siphonal canal at the termination of
the impressed sulcus that borders the siphonal fas-
ciole. Inner lip medially excavated with a callus ex-
tending over parietal lip onto body and down over
columellar lip and fasciole. Columella bears a strong
oblique fold immediately above the anterior canal.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Discussion—The holotype of Buccinopsis dorothi-
ella is from the Ripley Formation at the former site
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Loc. H MD HB | H:D
Alabama (holotype). .. ______________ 26.5 19.6 19.5 1.3
Alabama (paratype) . oo oo 29.6 21.8 21.9 1.3
Mississippi (paratype) ... ... _.._____ 25.2 17.5 17.7 1.4

of Mercers Mill on Tabannee Creek, Quitman County,
Ga. (USGS 25923). The Mississippl specimens occur
presumably at about the same horizon. The holotype
(pl. 23, fig. 10) is somewhat more obese than the para-
type (pl. 23, fig. 13) from Mississippi, but similar
variation in proportions can be found among the
topotypes. The strength of the spiral cords on the
shoulder and the number of spiral cords on the base
is variable; some specimens show fine spirals on the
periphery.

Buccinopsis dorothiella is distinguished from all
other species of the genus by the general lack of
spirals on the periphery and in its less obese body.

Types: Holotype USNM 130237; paratypes USNM 130238,
130239.
Occurrence: Mississippi: Ripley Formation, locs. 67, 15,

16, 18. Alabama and Georgia (Chattahoochee River region) :
Ripley Formation.

Buccinopsis crassicostata (Gabb)
Plate 23, figures 14, 15, 16, 17
1876, Nassa globosa Gabb (in part), Philadelphia Acad. Nat.
Sci. Proc., v. 28, p. 282.
1876. Fasciolaria (Cryptorhytis) crassicostate Gabb, Philadel-
phia Acad. Nat. Sci. Proc,, v. 28, p. 282.

Diagnosis—Medium-sized buccinopsids character-
ized in adult stage by a very globose shell and poorly
developed spiral and transverse ornament.

Description—Shell of medium size, globose and
thick; spire about one-third total shell height; pleural
angle 95°, protoconch unknown. Whorls about five
in number, expanding rapidly in size. Whorls of
spire shouldered, but body whorls of larger specimens
are well rounded and globose; body constricted an-
teriorly to a spiral sulcus that borders the siphonal
canal. Suture impressed. Ornament on early whorls
consists of thick very broad but rather low trans-
verse ribs that are strongest on the shoulder and die
out on base; numerous spiral ribbons, broader than
their interspaces, override the ribs. On larger shells
the transverse ribs decrease in strength until only ir-
regular broad low swellings are present; spirals on
the larger shells are also subdued and wider spaced,
becoming very faint on the last half whorl; even on
the latest whorls, however, the basal spiral ribbon re-
mains strong. Aperture incomplete, subovate, poste-
riorly angulated and anteriorly produced to a short
twisted canal; inner lip medially excavated, bearing a
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thick callus on the parietal lip that extends down
across the columellar lip. Columella bears a strong
oblique fold bordering the siphonal canal.
Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

46 (holotype) - - oot

46 (paratype)--
Do.. .F_K.a.. -

1 Estimated.

Discussion.—Gabb (1877, p. 282) proposed and de-
seribed Fasciolaria (Cryptorhytis) crassicostate from
the Providence Sand of Georgia but did not figure
his type. Fortunately the holotype is present in the
collections of the Academy of Natural Sciences of
Philadelphia. The holotype is a small immature com-
pressed specimen. Better preserved specimens from
the type locality in the collections of the U.S. Geo-
logical Survey indicate the nature of the mature stage
to be that of the specimens from Mississippi de-
scribed and discussed here. The holotype of Nassa
globosa Gabb has been figured by Stephenson (1923,
pl. 93, figs. 8, 9) and belongs to this genus. This
specimen comes from the Snow Hill Marl Member of
the Black Creek Formation of North Carolina and is
not conspecific with the specimen Gabb mentions un-
der that name from the Providence Sand of Georgia.
The latter specimen is only a fragment of a large
specimen of Buccinopsis crassicostata (Gabb) and is
a topotype of that species.

This species is restricted to the Providence Sand
and Owl Creek Formation. Although the species is
not uncommon, no complete specimens have been
found. Variation within the available specimens is
restricted primarily to ornament and that, in itself,
differs in relation to the maturity of the shell. The
larger specimens (pl. 23, figs. 14, 15) show that all
except the basal spiral ribbons are poorly developed.
These, however, become stronger, more raised, and
sharper at maturity. In addition the siphonal area
also increases rugosity (pl. 23, fig. 15). Broken spec-
imens indicate that the earliest whorls of this species
are completely filled with shell material.

This species is differentiated from other buccinop-
sids by its obesity as well as its lack of transverse
ribs in the mature stage and by suppression of spiral
ornament at that stage. In ornament it is not too
far removed from B. dorothiella, but it loses its sub-
sutural collar in the mature stage and it reaches a
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much larger mature size. The shape is most like 2.
solida but again differs by its suppressed ornament.

Types: Holotype ANSP 13931; hypotypes USNM 130240-

130242,
Occurrence: Mississippi: Owl Creek Formation, locs. 42, 46.
Tennessee: Clayton Formation (reworked Owl Creek), loc. 40.

Buccinopsis sp.
Plate 22, figure 3

Discussion—A number of internal phosphatic molds
from the Prairie Bluff Chalk are similar to artificially
produced molds made from fillings of well-preserved
shells of B. solida Wade. These specimens are of the
size and shape typical of Buccinopsis and possess the
reflection of the columellar fold that border the
siphonal canal.

Type: Figured specimen USNM 130243.

Occurrence: Mississippi: Prairie Bluff chalk, locs. 56, 71,
80, 87, 88(7), 90.

Buccinopsis? sp.

Discussion—One specimen, an internal mold from
the upper part of the Ripley Formation in Union
County, Miss., may belong in Buccinopsis. It pos-
sesses a low spire, an obese body, shouldered whorls,
and the reflection of strong but narrow transverse ribs
similar in general aspect to B. solida.

Occurrence : Mississippi: Ripley Formation, loc. 56.

Genus ODONTOBASIS Meek, 1876

Type species, Odontobasis humerosa Meck, 1876
(= Fusus constrictus Hall and Meek of Meek, 1876,
nomen dubium).

Diagnosis—Meek (1876, p. 351) described this

genus as follows:
Shell buccinoid-fusiform ; spire more or less produced; body-
volution ventricose, and separated below from the short, nar-
row beak, by a sharply defined, narrow revolving sulcus, that
terminates below at the connection of the outer lip with the
canal in a small tooth like projection; outer lip thin, smooth
within and nearly straight in outline; inner lip not thickened,
but well-defined; columella a little twisted, slightly fiattened,
and bearing two oblique plaits below * * *

Discussion—Odontobasis wventricosa (Meek, 1876,
p. 354) is similar in shape and fasciolar character but
lacks evidence of the columellar plications evident in
the holotype and thus it may not belong to the genus.
Odontobasis australis Wade (1926, p. 146) is slimmer
with a proportionally higher spire and has some
features such as a denticulate outer lip that lend some
doubt as to its placement.

Meek (1876, p. 851) cited Fusus constrictus Hall
and Meek, as the type species of the genus (Odonto-
basis; however, he did this with the reservation that
Odontobasis constricta Hall and Meek of Meek (1876,

CRETACEOUS GASTROPODS IN TENNESSEE AND MISSISSIPPI

p. 352) would stand as the type, as he stated in a
footnote on p. 351.

In order to prevent the possibility of any uncertainty in re-
gard to the type of this genus, I would state that Fusus con-
strictus, Hall and Meek, is cited as such, because it is believed
to be the same as the species hereinafter described under that
name. Should the latter prove distinct, however, it must be
considered the type, as the character, on which the genus was
founded were observed in this shell, which has not been com-
pared with the typical specimen of Fusus constrictus.

On p. 353 he stated further:

I am not positively sure that this shell is specifically identical,
in all respects, with the type of F. constrictus, Hall and
Meek.

He then noted some difference between the two but
rationalizes these with the fact that the type of 7.
constrictus is a smaller specimen. On the following
page he suggested that if the two shells turn out to be
different species, the name Odontobasis humerosa (pl.
23, figs. 7, 8) be used.

A search has been made for the holotype of Fusus
constrictus Hall and Meek, but it has not been lo-
cated. In addition, the holotype of that species came
from the Pierre Shale, whereas Meek’s specimen of
1876 came from the Fox Hills Sandstone. Therefore,
it appears best to put the type species on a firm basis
by treating Fusus constrictus Hall and Meek of
Meek, 1876, as a nomen dubium and accepting Odonto-
basis humerosa Meek, 1876, as the type species.

Odontobasis? australis Wade
Plate 23, figures 5, 6

1926. Odontobasis australis Wade, U.8. Geol. Survey Prof. Pa-
per 136, p. 146, pl. 51, figs. 13, 14; pl. 52, figs. 13, 14.
Diagnosis—Small subfusiform shells with a basal
sulcus, denticulations on the interior of the outer lip

and three oblique plications on the columella.
Measurements—Explanation of measurements and
symbols used in the following table appears in the

section “Measurements of specimens” (p. 172).

Loc. HS MD HB
_________________ 7.2 3.0 3.2
L eRoD) o e 3 54
Topotype (1) (pl. 23,08, 5) s 9.0 3.5 4.3

Discussion—This species is restricted to its type
locality in the Ripley Formation on Coon Creek, Mc-
Nairy County, Tenn. Eight specimens are available
for study in the collections of the U.S. National Mu-
seum and U.S. Geological Survey and although in
general they all are well-enough preserved to retain
the protoconch, none possess the extreme anterior part
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of the outer lip. It is therefore impossible to deter-
mine if the basal sulcus developed a terminal pro-
jection.

Odontobasis australis differs from the type species,
Odontobasis constrictus, by having three primary pli-
cations on the columella instead of two, a denticulate
outer lip, and a much slimmer more fusiform outline.
For these reasons T am hesitant to place this species
in Meek’s genus. Meek's concept of the genus, though
hazy, was also wide. He included 0. ventricosa Meek,
a species that evidently has no columellar plications.
If the genus is accepted in this broad sense Odonto-
basis australis Wade can validly be retained in Odon-
tobasis.

Types: Holotype USNM 32918 ; paratype USNM 32918; hy-

potype USNM 130244,
Occurrence: Tennessee: Ripley Formation, loc. 1.

Odontobasis suleata Sohl, n. sp.
Plate 23, figures 1-4

Diagnosis—Shell of average size for genus with
denticulate outer lip and strong oblique fold on colu-
mella bordering the siphonal canal, followed by three
weaker folds within the aperture and higher on the
columella.

Description.—Shell moderately small, bucciniform;
spire about half total shell height; pleural angle 48°.
Protoconch not well known but consists of several
whorls that, in their late stages, develop transverse
welts. Whorls three to four in number; suture im-
pressed. Body well rounded peripherally, constricted
both anteriorly and posteriorly; base of body de-
limited from siphonal fasciole by an oblique spiral
sulcus. Sculpture strong; transverse ribs occur as
strong round-topped ridges that die out on basal slope;
costae number 11 on body and 15 on penultimate
whorl of holotype. Spiral ornament consists of strong
spiral ribbons as wide or wider than their interspaces
that override the ribs; there are 6 spiral ribbons on
the penultimate whorl and 12 on the body above the
sulcus. Surface of body covered by growth lines of
moderate strength that are reflexed in the interspiral
spaces, over the sulcus, and on the siphonal fasciole.
Aperture slightly angulated posteriorly, anteriorly
produced to a short oblique slightly twisted siphonal
canal; outer lip denticulate within and toothed at
intersection of the basal suleus; inner lip sharply ex-
cavated ; callus on parietal lip thin. Columella twisted
and marked by a low fold bordering the siphonal
canal that is followed immediately above by a strong
oblique fold and still higher by three to four weaker
folds that begin farther back from the aperture.
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M easurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc, H

18 (holotype) (pl. 28, fig. 1) oo 8.9
18 (paratype) (pl. 23, fig. 8) ... 7.8

Discussion—Odontobasis sulcata Sohl compares well
in shape and ornament with the western interior
species described by Meek but possesses more numer-
ous columellar plications and a dentate interior of
the outer lip. The latter feature may be present on
F. constrictus, the type species, but the lip of the holo-
type is not preserved intact (pl. 23, fig. 1). The fold
arrangement. of the lower columella is much like that
of the type species. In addition there is a toothlike
projecting termination of the spiral sulcus on the
paratype of O. swlcata (pl. 23, fig. 4). This is a
feature mentioned as diagnostic of Odontodbasis by
Meek but is not preserved on the specimen figured by
Meek (see pl. 23, figs. 7, 8) in 1876 (p. 352, figs. 41,
42). 0. sulcate differs in ornament from either O.
ventriocosa Meek or F. constrictus Hall and Meek by
having stronger transverse ribs and wider spaced
spiral ribbons.

Types: Holotype USNM 130245; paratype USNM 130246.

Occurrence: Mississippi: Ripley Formation, loc. 18.

Family MELONGENIDAE
Protobusycon Wade, 1917

Type by original designation, Busycon (Protobusy-
con) cretaceum Wade.

Diagnosis—Pyriform shells of medium size; whorls
with one to two rows of nodes, the upper of which
occurs at the shoulder; a distinet impressed narrow
constriction or sulecus occurs below inflated part of
body. Aperture with a rather elongate siphonal canal
and a posterior notch; outer lip notched at inter-
section with the noded rows and toothed where the
spiral sulcus intersects outer lip.

Discussion.—The relationship of the species here
placed in Protobusycon Wade to Busycon Bolten is
much clouded. Wade believed Protobusycon to be a
forerunner of the present day Busycon. However,
we know little or nothing of the character of the
nuclear whorls of Protobusycon and as can be seen in
figure 15 there is a striking difference in the character
of the growth lines between the two genera.

In spite of their many similarities the presence of
the basal sulcus terminating in a toothlike extension
of the aperture merits serious reservation in assigning
these Cretaceous species to Busycon. Busycon (Busy-
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Protobusycon
binodosum Sohl
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Protobusycon
cretaceum (Wade)

Busycon (Busycon)

F16URE 15.—Comparison of growth lines between Busycon (Busycon)
and Protobusycon.

con) is generally conceded to range from the Oligo-
cene to the Recent, but, on the basis of comparison
of nuclear whorls, some doubt has been cast on the
validity of inclusion of the Oligocene forms in Busy-
con (S. C. Hollister, oral communication.)

What scant evidence there is points to Protobusycon
being distinct, even though possibly related to Busy-
con. One would expect that if Protobusycon were a
forerunner of Busycon (Busycon) younger species of
the genus would begin to become more Busycon-like
in character. This does not appear to hold true. Pro-
tobusycon cretaceumn Wade from the Ewogyra can-
cellata zone has, like Busycon (Busycon), a single
row of nodes at the shoulder but also has a lesser de-
veloped second row on the inflated part of the body
just above the basal sulcus. These nodes die out near
the aperture. In Protobusycon binodosum Sohl, from
a higher level in the Ripley Formation, the lower row
of nodes becomes as strong or stronger than the upper
row. In addition, the spire becomes evenly tapering
instead of stairstepped. The changes in these features
are both in a direction leading away from typical
Busycon features, not toward them.

Aside from these species from the Ripley Forma-
tion, the only tentative record of Busycon in the Cre-
taceous is that of a specimen from the Nacatoch Sand
of Texas that Stephenson (1941, p. 324) identified as
Busycon? sp. This specimen retains only the incom-
plete external impression of almost half a body whorl
of a shell possessing a strongly noded shoulder. How-
ever, the specimen is so incomplete that even a guess
as to the generic affinities is fruitless.

Protobusycon cretaceum (Wade)
Plate 23, figures 23, 24

19817. Busycon (Protobusycon) cretaceum Wade, Am. Jour.
Sci., 4th ser., v. 48, p. 296, figs. 1, 2.

IN TENNESSEE AND

MISSISSIPPI

1917. Fulgur (Protobusycon) cretaceum (Wade). Cossmann,
Rev. Critique Paléozoologie, v. 20, no. 3, p. 100.

1925. Protobusycon cretaceum (Wade). Cossmann, Hssais Pa-
léoconchologie Comparée, v. 13, p. 247, pl. 8, fig. 4.

1926. Busycon (Protobusycon) cretaceum Wade, U.S. Geol.
Survey Prof. Paper 137, p. 136, pl. 47, figs. 1, 4.

1943. Busycon (Protobusycon) cretaceum Wade. Wenz, Hand-
buch der Paliozoologie; Gastropoda, v. 6, pt. 6, D.
1218, fig. 3464.

1954. Busycon? (Protobusycon) cretaceum Wade. Puffer and
Emerson, Washington Biol. Soc. Proc., v. 67, p. 116-117,
120, 129.

Diagnosis—A  Protobusycon with a low turreted
spire and low row of nodes below the shoulder that
die out near the aperture.

Measurements—The holotype measures 63.2 mm in
height and 38 mm in diameter.

Discussion—Both Wade’s description and illustra-
tions minimize the strength of the spiral ornament.
The only known specimen, the holotype, is worn and
thus the spiral elements are not obvious, but a less
worn spot near the aperture shows strong spiral cords
covering the surface between the shoulder and the
basal sulcus.

Protobusycon binodosum Sohl, from the Ripley For-
mation of Mississippi, differs by having an evenly
tapering spire and has a second row of nodes that
are strong and continuous up to the aperture. The
outer lip is notched at the position of both rows of
nodes instead of only one and has weak spiral orna-
ment over the whole whorl surface. In addition, the
siphonal canal of 2. cretacewm is more strongly
curved.

Types: Holotype USNM 32897.
Occurrence: Tennessee: Ripley Formation, loc. 1.

Protobusycon binodosum Sohl, n. sp.
Plate 24, figures 23, 24, 26, 27

Diagnosis—A Protobusycon with a low but evenly
tapering spire and a body whorl bearing two strong
rows of nodes.

Description—Shell of medinum size, pyriform; spire
low, tapering; pleural angle of 90°-95°. Protoconch
unknown; suture impressed and irregular in trace.
Whorls shouldered by a strong row of nodes; whorls
concave above shoulder, periphery relatively flat,
bounded below by a second strong row of subspinose
nodes; body constricting strongly below lower row
of nodes to an incised spiral sulcus below which the
body tapers anteriorly over a broad strong pillar.
Sculpture dominated by the two strong rows of nodes,
but faint spiral lirae and cords cover body and are
especially strong below the spiral sulcus. Transverse
ornament suppressed with occasional broad swellings
extending between the rows of nodes. Growth lines
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strong, prosocline on upper whorl face with a sinus
developing over the shoulder, trending slightly opis-
thocline on periphery and again sinused over lower
row of nodes; growth lines prosocline below nodes
with an acute adaperturally directed sinus at the spiral
sulcus; below, sulcus growth lines follow a gently
prosocline trend until they reach the slightly raised
siphonal fasciole. ~Aperture incompletely known,
broadly subovate, posteriorly angulated, and inter-
rupted anteriorly by a rather long broad siphonal
canal that terminates in a shallow notch. Growth
lines indicate the outer lip is deeply notched at the
intersection of the rows of nodes and bears a tooth-
like projection at the termination of the spiral sulcus.
Inner lip callused; parietal lip with a moderately
thick callus extending out onto body and continuing
down but thinning over the broadly flattened colu-
mellar lip. Columella smooth.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H

18 (hOlOYYDO) - oo oo e 63 37
17 (PATAYYDO) oo o oo e e e 524 37

Discussion—Protobusycon binodosum 1is an ex-
tremely rare species known from only three specimens,
all of which come from the lower part of the Ripley
Formation in Mississippi. All the available specimens
agree well in size, shape, and ornament and, as pre-
viously noted, differ from P. cretaceum (Wade) by
having a well-developed second row of nodes and a
smoothly sloping rather than turreted spire. In addi-
tion, Wade’s species also possesses a more curved
siphonal canal and lacks the stronger spiral cords on
the anterior slope.

Types: Holotype USNM 130247; paratype USNM 130248.
Occurrence: Mississippi: Ripley Formation, loc. 7, 18.

Protobusycon sp.
Plate 23, figures 20-22

Discussion—Two specimens from the Ripley For-
mation of Mississippi (loc. 18) lacking the anterior
extension of their shells appear to be related to Wade’s
species Protobusycon cretaceum from Coon Creek,
Tenn. Like that species they have a turreted spire
and a single row of nodes but differ by having very
strong spiral ornament (pl. 24, figs. 21, 22). Both
shells are broken along the line of the basal sulcus,
but even though poorly preserved, they appear to be
distinet from either P. cretaceum (Wade) or P. bino-
dosum Sohl.
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Genus LOMIROSA Stephenson, 1941

Type by original designation, Lirosoma cretacea
Wade, 1926.

Diagnosis—Medium-sized subfusiform shells with
plump well-rounded whorls that are ornamented by
strong spiral cords or ribbons, peripheral nodes, and
an occasional varix. Aperture subovate with a rather
broad curved moderately short siphonal canal; inner
lip seemingly devoid of callus, columellar lip sharp
edged and reflexed along the edge of the siphonal
canal, thus forming a siphonal slit above.

Discussion—Only one species, Lomirosa cretacea
(Wade), from the Ripley Formation of Tennessee
and the Nacatoch Sand of Texas, is known. ZLomirosa
Stephenson differs from Lirosoma Conrad, of the Mio-
cene, by its proportionally higher spire, the develop-
ment of an umbilical slit, and by lacking callus on
the inner lip.

Lomirosa cretacea (Wade)
Plate 24, figures 13, 19

1917. Lirosoma cretacea Wade, Philadelphia Acad. Nat. Sci.
Proc., v.-69, p. 588, pl. 18, figs. 5, 6.

1926. Lirosoma cretacea Wade, U.S. Geol. Survey Prof. Paper
137, p. 139, pl. 47, figs. 2, 11.

1941. Lomirosa cretacea (Wade). Stephenson, Texas Univ.
Bull. 4101, p. 348, pl. 67, figs. 18, 19.

Diagnosis—A Lomirosa with strong spiral orna-
ment but transverse sculpture reduced to elongate
peripheral nodes on early whorls and discontinuous
ribs on the later whorls.

Measurements—The holotype measures 45 mm in
height and has a maximum diameter of 27 mm.

Discussion—Lomirosa cretacea is a rare species
and, due to its fragile shell, is always found distorted
or incomplete. With increased size the transverse
nodes lengthen to discontinuous ribs of variable
strength. The larger specimens also have a propor-
tionally shorter siphonal canal. Variation in propor-
tional height of spire and obesity likewise is consid-
erable.

Types: Holotype and paratype USNM 32898; hypotype
USNM 77088 (Texas).

Occurrence: Tennessee: Ripley Formation, loc. 1. Texas:
Nacatoch Sand.

Genus PYRIFUSUS Conrad, 1958

Type by monotypy, Pyrifuses subdensatus Conrad.

Diagnosis—Low-spired pyriform shells with sub-
shouldered whorls; sculpture of strong spiral cords
and transverse costae; aperture elongate subovate and
posteriorly notched, siphonal canal tapering and
curved, columella thick and smooth.
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Discussion.—Meek (1876, p. 343) redefined the genus
and included, besides Conrad’s species, an additional
group of species from the Upper Cretaceous of the
western interior that differed in the height of the
spire and in the character of the aperture. His hesita-
tion at including these western interior species in
Pyrifusus is displayed by the erection of a new sub-
genus Neptunella (not Neptunella Gray, 1935). Gard-
ner (1916, p. 456) supplied the name Rhombopsis to
replace Neptunelle Meek. Of the species from the
Cretaceous of Maryland referred to Pyrifusus by
Gardner, P. monmouthensis belongs in Stantonella,
P. marylandicus is probably a Rhombopsis, and P. vit-
tatus is probably either a Pyrifusus or a Lupira but is
so crushed that the columellar characters are not visi-
ble and thus it cannot be definitely placed. The
species assigned to Pyrifusus by Whitfield (1892) and
Weller (1907) from New Jersey are based upon in-
ternal molds too poor for confident placement. For
the most part the spires of these forms, as exhibited
by the molds, are too high for the genus, but it is
conceivable that some may represent Pyrifusus. The
holotype of Hercorhyncus mundwm Stephenson (1941,
p. 322) lacks the basal sulcus of that genus but
represents the only known specimen of Pyrifusus in
the Navarro Group of Texas.

The genus appears to be restricted to the Late
Cretaceous (Campanian-Maestrichtian). In a geo-
graphical sense, similar forms have been noted from
other areas (Wade, 1926, p. 143; Meek, 1876, p. 344)
such as Germany and India, but the available infor-
mation does not seem to warrant definite placement
of these forms in Pyrifusus.

In ornament and shape Pyrifusus is close to Lupira
Stephenson, but that genus possesses columellar plica-
tions high on the columella.

Pyrifusus subdensatus Conrad
Plate 24, figures 1-4
1858. Pyrifusus subdensatus Conrad, Philadelphia Acad. Nat.
Sci. Jour,, 24 ser., v. 3, p. 332, pl. 35, fig. 12.

Diagnosis.—Shell slimmer and smaller than average
for the genus with strongly shouldered whorls and
with the transverse ribs continuing to the sutural
swelling.

Description—Medium-sized pyriform shells with a
spire about one-third the total shell height. Proto-
conch unknown; pleural angle increasing greatly with
size and at maturity reaching 90°. Suture impressed,
trace irregular. Teleconch whorls number five to six.
Body whorl bears a raised weltlike area immediately
below the suture; below the welt the whorl face is
acutely excavated and is followed by a shoulder
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formed by the accentuation of the transverse ribs;
periphery moderately rounded; basal slope gradually
tapering anteriorly. Sculpture ornate, consisting of
close-spaced collabral transverse ribs that number 12-14
on the body whorl, and that begin as nodes on the
subsutural welt, decrease in strength over the exca-
vated area above the shoulder, but are strong from the
shoulder over the periphery and die out on the basal
slope. Spiral ornament consists of broadly round
topped cords that override the transverse ribs and are
narrower than their interspaces; cords number 14-16
on body; in addition, several spiral lirae occur above
the shoulder and a few more are present on the sur-
face of the spiral cords of the periphery. Aperture
elongate, subovate, distinctly notched posteriorly, and
produced anteriorly to a slender siphonal canal; inner
lip callused with callus of parietal and columellar lips
extending out onto body. Columella smooth, propor-
tionally broad, and flattened.

Measurements—Explanation of measurements and
symbols used in the following tables appear in the
section “Measurements of specimens” (p. 172).

Loe. H MD H:MD
Topotype_ . oo - 30 17 1.7
Do..._. J O, 23 13 L7
3 UV 29 18 1.6

Discussion.—The holotype of Pyrifusus subdensatus
Conrad is not listed by Johnson (1905) as being pres-
ent in the collections of the Academy of Natural
Sciences of Philadelphia and a subsequent search of
those collections by the author has failed to locate it.
As illustrated by Conrad (1858, pl. 35, fig. 12) the
holotype is missing both the anterior and apical ends
of the body plus a part of the body.whorl. The holo-
type as figured is a larger specimen than the topo-
types available for study but does show that the
specimen had numerous and close-spaced spiral cords
like those of the other Owl Creek specimens. The
specimen figured by Conrad (1860, pl. 47, fig. 2) as
belonging to Pyrifusus subdensatus is here referred
to P. crassus Sohl.

Wade (1926, p. 143) assigned some Coon Creek
specimens to this species, but the Coon Creek speci-
mens differ from P. subdensatus by having a broader
excavated area below the suture that lacks spiral
ornament. In addition, the Coon Creek forms have
less shouldered whorls, fewer spiral cords, and more
numerous transverse ribs that do not carry up to the
subsutural welt. The sinuous growth lines, inflated
body, umbilical chink, fewer and wider spaced spiral
cords, and broad gently excavated area below the
shoulder of Pyrifusus subliratus Wade serves to dis-
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tinguish this species from P. subdensatus. P. crassus
Sohl from the Ripley Formation has fewer spiral
cords, more numerous transverse ribs, a broader ex-
cavated area, and a less slim outline.

Types: Holotype lost; hypotypes USNM 130249-130251.

Occurrence: Mississippi: Owl Creek Formation, locs. 4346,
USGS Mesozoic loc. 26354. Clayton Formation (Cretaceous
reworked into base), USGS Mesozoic loc. 26353.

Pyrifusus crassus Sohl, n. sp.
Plate 24, figures 12, 16, 17
1860. Pyrifusus subdensatus Conrad, Philadelphia Acad. Nat.
Sci. Jour., 2d ser., v. 4, pl. 47, fig. 2.

1892. Pyrifusus subdensatus Conrad, Whitfield, U.S. Geol. Sur-
vey Mon. 18, pl. 4, figs. 1, 2.

Diagnosis—TLow-spired Pyrifusus with a peripher-
ally inflated body whorl that is constricted below and
bears a moderately strong excavated band below the
sutural welt.

Description—Medium-sized pyriform shells; spire
low, about one-sixth the total shell height; pleural
angle 87°-99°. Suture impressed, irregular in trace
where it overrides the transverse ribs of the preceding
whorl and bordered below by a subsutural welt.
Teloconch whorls number about six, protoconch un-
known. Body whorl with a moderate to strongly
excavated band immediately below the subsutural
welt, periphery rounded, constricting rapidly below
to a strong pillar. Transverse collabral ribs are con-
tinuous suture to suture on early whorls but are absent
over the excavated subsutural area on the body and
die out on the basal slope, ribs are of moderate
strength and number 14-17 on body. Spiral sculpture
of 11-13 broad wide-spaced cords that form elongate
nodes where they override the axial ribs; secondary
lirae absent or restricted to the excavated area.
Growth lines strong, opisthocline over the excavated
band, forming a broad sinus over the shoulder and
upper periphery, opisthocline over the upper basal
slope and gradually swinging back to almost ortho-
cline over the pillar. Aperture elongate, subovate,
with a strong narrow posterior channel and an elon-
gate somewhat curved anterior siphonal canal; outer
lip thin at edge and crenulate where intersected by
the spiral cords; inner lip with a well-defined heavy
callus, with the callus of the parietal lip extending
out over the body a short distance; columellar lip
smooth, flattened somewhat where it borders the
siphonal canal.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Discussion.—In earlier growth stages this species
possesses sharp transverse costae and numerous spiral

690-081 O - 64 - 3
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Loc. H MD H:MD
6 (holotype)-o...._.. e 32.7 22.0 1.5
1 el | o=
1§ I 34.0 22.5 1.5
T 25,5 15.0 1.7

lirae on the subsutural excavated area. With increas-
ing size the excavated area broadens, generally loses
its spiral lirae, and the transverse elements increase in
breadth and become less continuous. Variation in
height of spire ranges between 14 and 1 of the total
shell height and is reflected in the spread of 12°
(87°-99°) in the pleural angle. The number and
spacing of the transverse ribs on the body is variable,
but the ribs are always wider than the interspaces.

In shape this species closely approximates Pyrifusus
subliratus Wade but differs most noticeably by having
more numerous spiral cords, less sinuous growth lines,
and a lower spire. P. sudensatus is slimmer, has a
less constricted body, closer spaced, more prominent
and continuous transverse ribs, and a stronger shoul-
der.

Types: Holotype USNM 130252; paratypes USNM 130253
130255.

Occurrence: Mississippi: Ripley Formation, locs. 5, 6, 10,
17, 18.

Pyrifusus subliratus Wade
Plate 24, figures 11, 21
1926. Pyrifusus subliratus Wade, U.S. Geol. Survey Prof. Pa-
per 137, p. 143, pl. 50, figs. 6, 7.

Diagnosis—Shell above average size for genus, body
whorl inflated and bearing a broad shallowly exca-
vated band below the suture; spiral ornament strong,
but cords wider spaced and secondary lirae common;
growth lines very sinuous.

Measurements.—All specimens measured are missing
their apical tip. Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD H:D
Holotype. oo 37.0 26.0 1.4
s IR 1N+ I
Do o I 37.0 24.0 15
Dol 31,0 23.0 1.3

Discussion.—Pyrifusus subliratus was described in
detail by Wade (1926, p. 143) and as known is re-
stricted to the Ripley Formation at Coon Creek, Tenn.
It is perhaps the most obese of the species here as-
signed to Pyrifusus and variations are small within
the suite of topotypes available. Secondary spiral
lirae are common both between and superimposed upon
some of the 10 spiral cords. (See pl. 24, fig. 11.)
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In comparison with the other species of Pyrifusus
dealt with here, 7. subliratus has more sinuous growth
lines (pl. 24, fig. 11), fewer and wider spaced spiral
lirae, and has a broader and less excavated slope be-
tween the subsutural welt and the first spiral cord.
Wade also noted an umbilical chink as being charac-
teristic of P. subliratus, but this chink, although
present on the holotype, is sealed by the callus of the
columellar lip on several topotypes. In addition to
the above characters the transverse ribs are lower and
not continuous to the suture, as in P. subdensatus
Conrad; the posterior notch is not so narrow as in
P. orassus or P. ejuncidus, nor do the primary spiral
cords begin as high on the whorl as on 2. subdensatus.

Types: Holotype USNM 32910 ; hypotypes USNM 130256 and

130257.
Occurrence: Tennessee: Ripley Formation, loc. 1.

CRETACEOUS GASTROPODS

Pyrifusus ejundicus Sohl, n. sp.
Plate 24, figures 22, 25
1926. Pyrifusus subdensatus Conrad. Wade, U.S. Geol. Survey
Prof. Paper 137, p. 143, pl. 50, figs. 5, 6.

Diagnosis—A  Pyrifusus of slim outline; shell
gently tapering below the periphery and bearing a
strongly excavated band below the subsutural welt;
transverse ribs restricted to periphery of body.

Description—Medium-sized pyriform shells of sim
outline; spire about one-sixth total shell height, but
moderately high for genus; pleural angle 80°-90°.
Suture impressed, irregular in trace, and bordered
below by a noded subsutural welt. Teloconch whorls
number about five, protoconch unknown. Body whorl
bears a strongly excavated band below the subsutural
welt and may or may not be shouldered below this
band; periphery moderately rounded, tapering gradu-
ally over the basal slope. Sculpture ornate; collabral
transverse ribs strong on periphery and following a
broadly arcuate trend but dying out above on the
excavated band and below on the basal slope; ribs
number 17-18 on body. Twelve to fourteen round-
topped spiral cords cover the surface of the body
whorl with the exception of the excavated band.
Growth lines moderately strong, gently prosocline
across the subsutural welt and excavated band, broadly
arcuate over periphery, becoming very gently proso-
cline to orthocline over the basal slope. Aperture
subovate with a very narrow posterior notch and a
rather slightly curved siphonal canal; outer lip thin
and crenulated where intersected by the spiral cords;
inner lip callused. Columella smooth.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

IN TENNESSEE AND MISSISSIPPI

Loc H ‘ MD H:D
HOlOb Y De - oo e 39 29 1.3
Hypotype. .. 30 18 1.6
Topotype. - — — I 36 24 1.5
Do e 29 18 1.6

Discussion—Wade (1926, p. 143) placed specimens
of this species in Pyrifusus subdensatus Conrad, but
they can be distinguished on a number of characters.
P. ejundicus has more numerous transverse costae that
are not continuous to the suture and that have a
straight trend. In addition, P. ejundicus is larger
and has fewer, but broader, spiral cords than P. sub-
densatus. P. subliratus Wade has fewer spiral cords,
a more obese and basally constricted body whorl, and
very sinuous growth lines. P. e¢jundicus also is more
obese, has more sinus growth lines and transverse
ornament, and a lower spire.

Types: Holotype USNM 32909; paratypes USNM 130258,
130259.
Occurrence: Tennessee: Ripley Formation, loc. 1.

Pyrifusus sp.
Plate 24, figures 8-10, 18, 20

Discussion.—Internal molds that have the outline
of Pyrifusus and bear a reflection of an aperture with
a posterior notch and crenulate outer lip are present
in the Prairie Bluff Chalk. In addition, one specimen
(pl. 24, fig. 10) also bears a part of the shell material,
which shows the typical spiral cords of Pyrifusus.
The molds are rare but are found at many localities.

Types: Figured specimens USNM 28334, 130260-130262.

Occurrence: Mississippi: Prairie Bluff Chalk, locs. 57, 66,
71, 74, 75, 80, 82, 84, 86-88, 90-92, 94.

Genus RHOMBOPSIS Gardner, 1916

Type by original designation, Fusus newberryi Meek
and Hayden, 1857.

Diagnosis.—Pyriform shells of medium size, whorls
moderately shouldered and posteriorly constricted to
a broad subsutural collar or inclined ramp; aperture
sublenticular, produced anteriorly to a moderately
long, rather straight, siphonal canal; sculpture of dis-
continuous collabral ribs and numerous spiral lirae or
cords.

Discussion.—Meek (1876, p. 844) proposed Nep-
tunella Meek (not Gray) as a subgenus of Pyrifusus
to include three species from the Cretaceous of the
western interior: Fusus newberry: Meek and Hayden,
Fusus subturritus Meek and Hayden, and Fusus inter-
textus Meek and Hayden. As Neptunelle Meek is
preoccupied by Neptunelln Gray, Gardner (1916, p.
456) substituted the name Rhombopsis. Meek’s con-
cept of the genus was broad. The type species 7. new-
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berryi has a much lower spire than the other two
western interior species included in the genus. Meek
(1876, p. 344) also thought that such species as Fusus
bellaliratus Conrad from the Ripley Formation of
Mississippi belonged here. That species, however,
belongs in Deussenia. Stephenson which, on the basis
of growth line, shape, and apertural features, appears
to be very closely related to Rhombopsis but differs
by having a strongly developed subsutural collar. In
Rhombopsis there is a poor development or total lack
of such a collar. Pyrifusus Conrad has a much lower
spire, an aperture with a strong posterior notch, and a
less sinuous growth line.

Rhombopsis orientalis Wade appears closest to
Rhombopsis intertextus (Meek and Hayden) and its
placement in Rhombopsis is only feasible when the
genus is considered in the broadest sense. When so
considered the possibility of gradation to Deussenia
has to be considered. For the present, however, the
two genera will be treated as distinet, based primarily
upon the development of the subsutural collar.

The genus has also been cited as occurring in the
Cretaceous of the Paita region of Peru by Olsson
(1944, p. 99). His species Rhombopsis meridionalis
has a siphonal canal that is much more strongly
curved than is typical of the genus and the assign-
ment in Gardner’s genus appears questionable.

Rhombopsis molinoensis Sohl, n. sp.
Plate 24, figures 14, 15

Diagnosis—A Rhombopsis with a broad subsutural
collar or band that bears weaker spiral lirae than those
of the whorl sides; transverse ribs discontinuous,
strongly noded at the low shoulder.

Description—Shell medium-sized, fusiform, and
moderately stout. Protoconch of about 214 smooth
whorls; junction with conch gradual with addition
of low riblets. Suture impressed, irregular in trace.
Whorls posteriorly constricted to a broad subsutural
collar that is bounded below by a low nodose shoulder;
below shoulder, body tapers rather gradually to the
siphonal canal. Spiral sculpture of moderately strong
spiral lirae that are narrower than their interspaces,
cover the shell surface, but are finer above the shoul-
der than below. Transverse sculpture of collabral
transverse ribs that are accentuated to nodes at the
shoulder, but die out above on the collar and below
on the basal slope. Growth lines moderately strong,
with a broadly arcuate opisthocline trend on the sub-
sutural collar, slightly flexed at the shoulder, and
gently opisthocline immediately below, but swinging
to slightly prosocline on the whorl base. Aperture
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incompletely known; inner lip lightly callused;
columella smooth, somewhat curved.

Measurements—The holotype, which lacks the an-
terior extremity, measures 38.4 mm in height and
20.8 mm in diameter.

Discussion—Rhombopsis molinoensis is only known
from its type locality in the lower part of the Ripley
formation near Molino, Union County, Miss. It dif-
fers from R.? orientalis Wade by its broader collar,
lower shoulder, and less coarse spiral ornament.
R. intertextus (Meek and Hayden) has coarser orna-
ment and a slimmer outline, but in other respects, the
two species differ only to a minor degree.

Type: Holotype USNM 20474.
Occurrence: Mississippi: Ripley Formation, loe. 12.

Rhombopsis? orientalis Wade
Plate 24, figures 5
1926. Rhombopsis orientalis Wade, U.S. Geol. Survey Prof.
Paper 137, p. 142, pl. 49, figs. 4, 5.

Diagnosis—Shell elongate, fusiform, slim for genus;
ornament of rather low discontinuous collabral trans-
verse ribs that are raised to nodes at shoulder and of
numerous spiral lirae that cover shell surface.

Discussion.—Rhombopsis? orientalis is a poorly
known species. The holotype lacks the entire anterior
section of the shell. The only available topotype is
also incomplete but shows (pl. 23, fig. 5) an elongate,
straight, siphonal canal. This species most closely
approaches &. intertextus (Meek and Hayden) but
differs by its finer spiral ornament and narrower sub-
sutural constriction.

Types: Holotype USNM 32904; hypotype USNM 130263.
Occurrence: Tennessee: Ripley Formation, loc. 1.

Genus DEUSSENIA Stephenson, 1941

Type by original designation, Deussenia cibolensis
Stephenson.

Diagnosis—Shell fusiform, spire of moderate
height. Whorls constricted posteriorly to a moderately
broad subsutural collar. Sculpture ornate, consisting
of strong spiral cords or ribbons on whorl sides and
spiral lirae on collar; transverse ribs accentuated to
nodes at shoulder, dying out above and below. Growth
lines prosocline on collar, strongly sinused at shoulder,
and broadly arcuate below. Aperture notched pos-
teriorly, siphonal canal curved to left, outer lip crenu-
late, columella smooth.

Discussion.—Stephenson (1941, p. 830) proposed
Deussenia to include four species from the Kemp
Clay of Texas. Some of the Kemp Clay names may be
synonyms as they are distinguished on minor differ-
ences in shape and ornament, and are all from the
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upper part of the formation. In addition, three of
the species occur in close proximity. The holotypes
are incomplete and the number of available specimens
is so few that one is unable to note whether the dif-
ferences cited are constant.

Although not recognized by Stephenson, species
from other faunas of Late Cretaceous age may well be
assigned here. The following is a list of known species
assignable to Deussenia.

Deussenia cibolensis Stephenson, Kemp Clay of Texas
corbis Stephenson, Kemp Clay of Texas
travisana Stephenson, Kemp Clay of Texas
multilirae Stephenson, Kemp Clay of Texas
Fusus (Afer) bellaliratus Conrad, Owl Creek Formation
Deussenia ripleyana Harbison, Ripley Formation of Mississippi
Rhombopsis microstriatus Wade, Ripley Formation of Tennes-
see
Voluta rigidea Bailey,
(questionable)
Cryptorhytis pseudorigida Rennie, Senonian, Pondoland, South
Africa (questionable)

Senonian, Pondoland, South Africa

Deussenia bellalirata bellalirata (Conrad)
Plate 25, figures 8§, 9

1858. Fusus (Afer) bellaliratus Conrad, Philadelphia Acad.
Nat. Sci. Jour., 2d ser., v. 3, p. 332, pl. 35, fig. 17.

Diagnosis—A Deussenia of slim outline with only
three primary spiral ribbons visible on the penultimate
whorl.

Description—Medium-sized fusiform shells with a
spire about one-third total shell length. Pleural angle
66°-71°. Protoconch consists of about 215 smooth
whorls. Suture impressed. Body constricted pos-
teriorly to a subsutural collar, slightly swollen below
the moderately subnodose shoulder, and tapering an-
teriorly. Sculpture ornate; 3 spiral lirae occur on the
collar with about 18 spiral ribbons that are narrower
than their interspaces and which occur upon the whorl
sides, but only 3 of them are visible on the penultimate
whorl; secondary lirae may occur between some pri-
mary ribbons. Transverse ribs number 13-14 per
whorl, but they do not carry across the collar, and
they die out on the basal slope. Growth lines proso-
cline over collar, sinused at junction with the shoul-
der, becoming slightly opisthocline to orthocline over
periphery and base. Aperture incompletely known,
notched posteriorly in harmony with the collar; ante-
rior canal elongate, slightly twisted, and inclined to
the left; inner lip lightly callused.

Measurements—The holotype measures 89.2 mm in
height and 17.5 mm in diameter.

Discussion.—Deussenia billalirate (Conrad) differs
from D. ripleyana Harbison by having fewer and
thinner spiral ribbons on the body of which only three
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are visible on the penultimate whorls. In addition,
Conrad’s species is smaller in size.

This species differs from the species of the Kemp
Clay of Texas in its finer ornament and size.

The holotype (AMNH 9066) is preserved in the col-
lections of the American Museum in New York and is
here illustrated (pl. 25, fig. 8). The holotype is
more strongly shouldered, has closely spaced narrower
spiral lirae, and a less well rounded body than is indi-
cated on Conrad’s illustration (1858, pl. 35, fig. 17).

Meek (1876, p. 344) thought this species referable
to his Neptunelle (not Gray), which has been sup-
planted by Rhombopsis Gardner. However, the type
of Rhombopsis lacks the distinctive subsutural collar.
Stephenson (1914, faunal list) assigned it to Pyri-
fusus from which it differs in its shape and subsutural
collar.

Type: Holotype AMNH 9066.

Occurrence: Mississippi: Owl Creek Formation,
Prairie Bluff chalk, questionably present at loc. 54.

loc. 46,

Deussenia bellalirata costata Sohl, n. subsp.
Plate 25, figures 3, 4

Diagnosis—A Deussenia with numerous (18-21)
close-spaced low transverse ribs.

Discussion—A number of specimens from the Owl
Creek Formation, although similar to Deussenia bella-
lirata bellalivata in size and by having three primary
spiral cords exposed on the penultimate whorl, differ
by lacking secondary lirae on the whorl sides, and by
having more numerous and closer spaced transverse
elements. In addition, the spiral ribbons are wider
and the shell outline is usually broader.

Types: Holotype USNM 130264 ; paratype USNM 130265.

Occurrence: Mississippi: Owl Creek Formation, locs. 45, 46.

Tennessee: Clayton Formation (reworked sand of the Owl
Creek at base), loc. 40.

Deussenia ripleyana Harbison
Plate 25, figures 1, 2, 5-7, 11-13
1945. Deussenia rip}eyana Harbison, Philadelphia Acad. Nat.
Sci. Proc., v. 47, pl. 4, figs. 25, 26.

Diagnosis—A Deussenia. with close-spaced spiral
cords, four or five of which are visible on the penulti-
mate whorl.

Description—Medium-sized fusiform shells with a
spire about one-third total shell height. Fieural
angle 50°-70°. Protoconch consisting of 2-21% smooth
rounded regularly coiled whorls; junction of telo-
conch abrupt, accompanied by addition of direct and
continuous transverse ribs, spiral ornament added
after about half a whorl and the posterior whorl con-
striction develops on the second teloconch whorl.
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Suture impressed. Teloconch whorls five or six in
number, constricted posteriorly to a subsutural collar
that is bordered below by a rather strong and sub-
nodose shoulder; below shoulder, body broadly
rounded down to a gentle anterior slope. Sculpture
ornate; spiral lirae number four to five on the collar
with 18-22 spiral ribbons that are broader than their
interspaces, occurring over the whorl surface, but
lessen in strength anteriorly; collabral transverse ribs
continuous on earliest whorls but die out on collar
and on basal slope of body whorl; ribs accentuated to
nodes at shoulder and number 13-14 on body whorl.
Growth lines prosocline over collar, sinused at shoul-
der, arcuate over inflated body, and orthocline to gently
prosocline over base. Aperture elongate subovate,
angulated posteriorly in harmony with collar, and
anteriorly drawn out to a curving and slightly twisted
siphonal canal. OQuter lip thin at edge, notched in
harmony with sinus at shoulder, and crenulate below
where intersected by the spiral ribbons. Inner lip
very lightly callused. Columella smooth.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD
18 (hypOt YD) e mecae 47.8 2.7
18 (topotype, . 45.5 21.4
Do_.... 44.5 21.0
Do.. 36.7 18.0
T e e e e mm 47 22.2

Discussion—Deussenia ripleyana is abundant at its
type locality at Union County Lake, Union County,
Miss. (loc. 18). Tt occurs less abundantly at a num-
ber of other Ripley localities in Mississippi and in
the Chattahoochee River region of Georgia and Ala-
bama. With the relatively large suites available for
study it is easily seen that the species is quite variable.
A comparison of the figures illustrated on plate 25
shows that slimness of the outline, height of spire,
degree of constriction of the collar, and the strength
of the shoulder all are variable. Sculpture varies
similarly in some instances the spiral ribbons are
broad and close spaced (pl. 25, fig. 6), but in others
the interspaces are equal to, or greater than, the
breadth of the ribbons (pl. 25, figs. 1, 2). Although
the strength of the transverse ribs may vary, their
numbers appear to remain constant and the spiral
lirae of the collar also are constant in number.

Compared with Deussenia bellalirata (Conrad) from
the Owl Creek Formation, this species has less numer-
ous transverse ribs, usually has a more obese outline,
and usually has thicker and closer spaced spiral ele-
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ments as well as lacking any secondary spiral devel-
opment on the whorl sides.

Types: Holotype ANSP; hypotypes USNM 130266-130269,
130720.

Occurrence: Mississippi: Ripley Formation, locs. 5, 6, 9a(?),
18, 29. Alabama and Georgia: Ripley Formation.

Deussenia sp.
Plate 25, figures 14, 16

Discussion—Several specimens from the Ripley
Formation at Union County Lake, Union County,
Miss. (loc. 18), although only fragmentary, indicate
that one or more large species of Deussenia may be
present. These specimens differ from D. ripleyana
not only in size but by their greater pleural angle,
coarser nodings, and lesser posterior whorl constrie-
tion. In addition, they bear more numerous spiral
lirae upon the collar, and one specimen (pl. 25, fig.
14) has broader and less sharp collabral ribs.

Types : Figured specimens USNM 130270, 130721.
Occurrence: Mississippi: Ripley Formation, loc. 18.

Deussenia cf. D. travisana Stephenson
Plate 25, figure 10

Discussion.—One incomplete and moderately large
specimen from the Owl Creek Formation on Owl
Creek, Tippah County, Miss., although not identical
with, nonetheless, compares moderately well with
Deussenia travisiana Stephenson, from the Kemp Clay
of Texas. Both have strongly constricted collars and
a few secondary lirae but the holotype of the Texas
species has somewhat broader spiral elements.

Type: Figured specimen USNM 130722.
Occurrence: Mississippi: Owl Creek Formation, loc. 48.

Deussenia? microstriata (Wade)
Plate 24, figures 6, 7
1926. Rhombopsis microstriatus Wade, U.S. Geol. Survey Prof.
Paper 137, pl. 50, figs. 1, 2.

Diagnosis—Fusiform shells with a rather strongly
twisted siphonal canal, a moderately strong collar
and shoulder, and numerous fine spiral lirae cover-
ing the whorl surface.

Discussion—This species is based solely upon the
holotype from the Ripley Formation on Coon Creek,
McNairy County, Tenn. The strong posterior con-
striction of the whorls to a collar is more typical of
Deussenia than Rhombopsis to which Wade assigned
the species. Its fine spiral ornament distinguishes 2.?
microstriata from the other known species of Deus-
senia, and the callus of the inner lip is somewhat
stronger than is typical of the genus. In shape it is
not unlike the Ripley species assigned to Cryptorhytis,
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but it lacks the columellar plications distinctive of
that genus.

Type: Holotype USNM 32907.
Occurrence: Tennessee: Ripley Formation, loc. 1.

Deussenia? sp.

Discussion.~—A number of internal molds from the
Prairie Bluff Chalk of Mississippi may represent spec-
imens of Deussenia. These molds are of fusiform
gastropods that lack columellar plications. In addi-
tion, the impression of external ornament is also pres-
ent as ribs bearing a trend similar to those of Deus-
senia.

Occurrence: Mississippi: Prairie Bluff Chalk, locs. 71, 75,

81, 84, 87, 88, 92,

Family FASCIOLARIDAE
Subfamily FASCIOLARINAE

Genus BELLIFUSUS Stephenson, 1941

Type by original designation, Odontofusus curvi-
costata Wade, 1926.

Diagnosis—Medium-sized fusiform shells; spire a
little more than one-third total shell height. Whorls
generally inflated above midheight, constricted pos-
teriorly to a transversely-wrinkled collar, and bear-
ing a sharp to well-rounded shoulder. Ornament of
strong collabral transverse ribs that die out on basal
slope and spiral cords and lirae that cover surface or
are restricted to lower body slope. Aperture sub-
lenticular, siphonal canal moderately long and open.
Columella slightly twisted with a strong plication an-
terior to a weaker fold.

Discussion.—Stephenson (1941, p. 338) proposed
Bellifusus for a number of fusiform species from the
Navarro Formation of Texas and the type species
from the Ripley Formation of Tennessee that are char-
acterized by their wrinkled subsutural collar, their
strong collabral transverse ribs, and their twisted pli-
cate columella. As the type, Stephenson chose a spe-
cles previously assigned by Wade to Odontofusus
Whitfield. He pointed out that Odontofusus was
based upon generically indeterminate molds from New
Jersey and that the type species would have to be O.
typious not Fasciolaria slackii Gabb as cited by John-
son (1905, p. 24). O. slackii as figured by Whitfield
(1892, pl. 6, figs. 8, 9) has a reflection of transverse
ribs that do not possess the trend typical of Bellifusus.
Odontofusus typicus appears to be the mold of a shell
having a more inflated body and less continuous ribs
than that of Bellifusus. O. medians Whitfield (1892,
pl. 5, figs. 18-21; Weller, 1907, pl. 90, figs. 1-4) could
conceivably belong to Bellifusus but is specifically in-
determinable, and Weller’s assignment (1907, pl. 90,
fig. 6) of well-preserved shells from the Ripley For-
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mation of Mississippl to O. medians is implausible.
Richards and Ramdell (1962, p. 63, 64) have assigned
molds of 0. slacki and O. medians to Bellifusus.

Drilluta Wade is similar to Bellifusus in the nature
of the collar and columellar plications, but it has
much straighter transverse ribs, a distinctly higher
spire, and less rounded whorls.

Based on well-preserved material, the genus as
known is restricted to the Zwogyra costata zone of the
Gulf and possibly the Atlantic Coastal Plains.
Stephenson (1955, p. 183) has questionably assigned
a species from the Cenomanian, Woodbine Formation
of Texas, but the specimens do not closely resemble
those from the higher parts of the Cretaceous.

The following is a list of described species and their
known occurrences.

Bellifusus robustus Stephenson, Nacatoch Sand of Texas
Odontofusus curvicostata Wade, Ripley Formation of Tennessee
Bellifusus? coronatus Stephenson, Neylandville Marl of Texas
deatsvillensis Stephenson, Kemp Clay of Texas
multicostatus Stephenson, Kemp Clay of Texas
Bellifusus sp., Ripley Formation of Alabama
Providence Sand of Georgia
spinosus Sohl, Owl Creek Formation of Mississippi
angulicostatus Sohl, Ripley Formation of Tennessee, Mis-
sissippi, and Alabama
crenulatus Sohl, Ripley Formation of Mississippi
Odontofusus medians Weller (in part), Navesink Formation of

New Jersey (questionable)

Bellifusus? crassicostatus Stephenson, Kemp Clay of Texas

(questionable)
Bellifusus buffaloensis Stephenson, Kemp Clay of Texas =
Drilluta tenuistriatus Stephenson, Kemp Clay of Texas =
B. curvicostatus (Wade)
Bellifusus? parvilirae Stephenson, Woodbine Formation of
Texas (questionable)

Bellifusus curvicostatus curvicostatus (Wade)
Plate 25 figures 23, 24 ; plate 26, figures 18, 19, 23, 24

1907. Odontofusus medians Weller (part), New Jersey Geol.
Survey, Paleontology, v. 4, p. 761, pl. 90, fig. 6.

1926. Odontofusus curvicostata Wade, U.S. Geol. Survey Prof.
Paper 137, p. 130, pl. 42, figs. 7-9.

1941. Bellifusus curvicostatus Stephenson, Texas Univ. Bull

4101, p. 338.
1941. Bellifusus tenuistriatus Stephenson, Texas Univ. Bull.
4101, p. 339, pl. 65, figs. 7-9.

Diagnosis—A  Bellifusus having whorls with a
rounded shoulder, only the faintest of spiral orna-
ment over the periphery, but bearing numerous strong
transverse ribs that generally become strongly sinu-
ous on the body and die out both on the collar and
below on the basal slope.

Description—Fusiform shells with a spire about
two-fifths the total shell height. Pleural angle 35°-
90°. Suture impressed, irregular in trend as it con-
forms to transverse ornament. Protoconch consisting
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of 214 smooth trochoid round-sided whorls; junction
of conch begins with addition of continuous rather
broad transverse ribs and after about one-quarter turn
of the first teloconch, whorl spiral ornament appears.
Whorls number six or seven, constricted posteriorly
to a collar that develops on the fourth or fifth telo-
conch whorl and increases in strength, becoming
wrinkled by coarse growth lines in mature stages of
growth; shoulder generally sharpest in earlier stages,
whorl sides rounding down to a moderately steep basal
slope then tapering to the siphonal canal. Sculpture
dominated by 12-14 strong collabral ribs that become
increasingly sinuous and less strong with increased shell
size; ribs continuous on earliest whorls but on body be-
gin below the subsutural collar and die out on basal
slope. Spiral ornament generally confined to fine faint
spiral lirae on the periphery but coarsen to moderately
strong cords on the basal slope. Growth lines vary
somewhat with stage of growth but are orthocline on
collar, sinused over shoulder and periphery, and
swing back to prosocline on basal slope. Aperture
sublenticular, angulated posteriorly in harmony with
subsutural collar, but produced to a moderately wide
and elongate somewhat twisted siphonal canal; outer
lip incompletely known, but sinuous in profile with a
sinus at the shoulder; inner lip very lightly callused
with callus being strongest over columellar lip. Colu-
mella with one strong oblique plication followed
posteriorly by two weaker lower folds.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172). Most
of the specimens lack a small part of the anterior
extremity.

Loc. H MD

1 (holotype) 50.0 21.0
1 (topotype) 41. 04 20.0
T SO 40.0+ 18.0

12 (MYPOVYDE) - c e ot 37.0 16.0
6 (hypotype) 50. 04 22.0
B e e ———————————— 40. 04 16.0
6 - 27.0 12.0
6 - 28.0 12.0
‘158 27.0 11.0
e - 25.0 10.0
—— 32.0 14.0
O 30.0 14.0
o 28.0 12.0

Discussion—Bellifusus curvicostatus (Wade) is well
represented in the Ripley Formation of the Gulf
Coastal Plain both geographically and in number of
individuals per locality. The shells are strong and
generally well preserved. Variation within a given
suite of specimens is such that without large lots one
would be tempted to recognize several species. Vari-
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ation in the amount of sinuosity of the transverse ribs
is well illustrated by contrasting figure 24 on plate
95 with figure 19 on plate 26. The holotype and
paratype figured by Wade (1926, pl. 42, figs. 7, 8, 9)
show extreme sinuosity, but a topotype figured herein
(pl. 25, fig. 23) shows only gently curving ribs.
Specimens from the Ripley Formation of Mississippi
at locality 6 (pl. 25, fig. 24; pl. 26, fig. 23) exhibit
similar variations within a single population. Spiral
ornament on the periphery likewise may be sporadie,
being extremely faint (pl. 25, fig. 23) or moderately
strong (pl. 26, fig. 23).

The specimen Weller illustrated (1907, pl. 90, fig.
6) in his New Jersey monograph is from the Ripley
Formation at locality 12, not from the Owl Creek
Formation as stated by Wade (1926, p. 130). Belli-
fusus tenuistriatus Stephenson from the Nacatoch
Sand of Texas fits well within the range of variation
of B. curvicostatus.

No other species of Bellifusus exhibit such strongly
flexed transverse ribs. Bellifusus angulicostatus is
further differentiated by its sharp shoulder and strong
spiral sculpture. B.? coronatus Stephenson lacks the
strong collar and has a coronate shoulder. B. spino-
sus from the Owl Creek Formation also has a spinose
shoulder and more continuous ribs. Available speci-
mens of B. deatsvillensis Stephenson from the Kemp
Clay have a similar trend to the transverse ribs but
are too poorly preserved for close comparison.

Types: Holotype USNM 32873; hypotypes USNM 20490,
USNM 130271, 130272, 130274, 130275.

Occurrence: Tennessee: Ripley Formation, loc. 1. Missis-

sippi: Ripley Formation, locs. 5, 6, 12, 14, 15-18, 24, 29. Texas
Nacatoch Sand. Georgia and Alabama: Ripley Formation.

Bellifusus curvicostatus crenulatus Sohl, n. subsp.
Plate 26, figures 11-13

Discussion—This subspecies differs from Bellifusus
curvicostatus (Wade) by having fewer narrower trans-
verse ribs and a more strongly crenulate but slightly
narrower subsutural collar. In general, the spiral orna-
ment carries up higher on the whorl and may cover
the surface (pl. 26, fig. 10). The subspecies is re-
stricted to the Owl Creek Formation of Mississippi.

Types: Holotype USNM 130276; paratypes USNM 130277,
130278.

Occurrence: Mississippi: Owl Creek Formation, locs. 43, 45,
46. Prairie BIuff chalk, loc. 56.

Bellifusus spinosus Sohl, n. sp.
Plate 25, figures 17, 21, 22
Diagnosis—A Bellifusus having a narrow and non-

wrinkled subsutural collar; transverse ribs direct with
strongly sinused imbricate spines at the shoulder.
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Description.—Shell fusiform, spire slightly less than
half total shell height, pleural angle 45°-50°, suture
impressed, irregular in trend. Protoconch incom-
pletely known. Whorls six or seven in number, con-
stricted posteriorly to a narrow subsutural collar,
shoulder rather sharp on early whorls, moderately
rounded on body whorl; body rounded below shoul-
der with a rather gentle basal slope. Sculpture domi-
nated by raised strong collabral transverse ribs that
are rather widely spaced and number about 10 on the
body whorl; ribs die out on collar but continue down
across base; at upper end of each rib an imbricate
spine is present. Spiral ornament much subdued to
lacking over upper whorl surface, but broad close-
spaced ribbons and cords are present over the an-
terior part. Growth lines with flexure at shoulder
that periodically develops to an imbricate spine;
growth lines orthocline over periphery and basal slope.
Aperture faintly notched posteriorly and anteriorly
developing a broad siphonal canal; outer lip incom-
plete, crenulate on lower part, inner lip very lightly
callused. Columella with a strong plication anterior
to three weaker folds.

Discussion.—This species is restricted to the Owl
Creek Formation and is rare. Compared with Belli-
fusus curvicostatus Wade it differs by its shorter
broader siphonal canal, in its more continuous and
direct ribs, and by the peculiar spinose growth line
reflections on the shoulder. It is perhaps closest to
B. angulicostatus Sohl but differs in strength and
trend of the ribs and lacks the strong spiral ornament.

B. coronatus Stephenson, from the Nacatoch Sand
of Texas, has a stronger shoulder, flexed and less con-
tinuous ribs, and almost lacks a collar, although the
holotype gives an indication of bearing spines on the
shoulder.

Types: Holotype USNM 130279; paratype USNM 130280.

Occurrence: Mississippi: Owl Creek Formation, locs. 45, 462,

43?7. Tennessee: Clayton Formation (base containing re-
worked Owl Creek fossils), loc. 40.

Bellifusus angulicostatus Sohl, n. sp.
Plate 25, figures 15, 18-20, 25, 26

Diagnosis—A  Bellifusus ornamented by close-
spaced fine spiral lirae and collabral transverse ribs
that are angulated above and sharp crested on early
whorls.

Description—Fusiform shells with a spire a little
less than half the total shell height. Pleural angle
80°-35°. Suture impressed, irregular in trend. Pro-
toconch consists of about 214 smooth round-sided
whorls; junction with conch accompanied by appear-
ance of continuous prosocline transverse ribs. After
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one-quarter turn, ribs become orthocline and a shoul-
der develops. Whorls number six or seven, constricted
posteriorly to a narrow subsutural collar that is most
strongly constricted on the early whorls. Shoulder
formed by the truncate upper ends of the transverse
ribs but rounds off on body whorl. Sculpture ornate,
consisting of numerous spiral lirae that override the
transverse elements and are narrower than their in-
terspaces. Transverse ribs strong, truncate to sub-
nodose at upper ends on early whorls, less strong and
nontruncate on body; crest of ribs angulated by a
thin raised extra strong growth lira. On early whorls,
growth lines prosocline on collar, then orthocline
across periphery; on body whorl, trend is prosocline
on collar, arcuately opisthocline over periphery,
swinging back to prosocline on base. Aperture in-
completely known, narrowly angular posteriorly, si-
phonal canal moderately broad, inner lip lightly cal-
lused and bearing a strong plication anterior to a
much weaker fold.

Measuremenis—The holotype is the only nearly
complete specimen but is somewhat compressed dorso-
ventrally. It measures 47.5 mm in height and 19.5
mm in diameter.

Discussion—The available specimens of Bellifusus
angulicostatus are incomplete and all lack at least the
extreme anterior tip of the shell. In spite of incom-
plete shell preservation, identification is relatively easy
due to the distinetive transverse ribs and strong spiral
ornament of the periphery, which is unknown on other
species. Although the ribs of the early whorls are
always sharp crested, they do not always bear the
accentuated growth line so well displayed on the
paratype from Alabama (pl. 25, fig. 17). The spiral
ornament likewise is subject to some variation in
strength.

The characteristic ribs and spiral ornament make
confusion of this species with other species of Belli-
fusus unlikely.

Types: Holotype USNM 130281; paratypes USNM 130282,
130283.

Occurrence: Tennessee: Ripley Formation, loc. 1. Missis-

sippi: Ripley Formation, loes. 16, 18. Georgia and Alabama :
Ripley Formation.

Bellifusus? spp.
Plate 26, figures 3-7
Discussion—The specimens figured on plate 26, fig-
ures 1-7, probably represent several species of Belli-
fusus. All are internal molds from the Prairie Bluff
Chalk of Mississippi. Similar molds are not uncom-
mon in the chalk facies, not only through its extent
in Mississippi but in Alabama. The molds exhibit
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a shape compatible with Bellifusus, round-sided
whorls that are posteriorly angulated and that reflect
a probable subsutural collar. They also bear the re-
flection of strong transverse ribs and possess a colu-
mellar plication. The specimen figured on plate 26,
figure 4, is one of the most common forms assumed
and is closely similar to Odontofusus? medians Whit-
field.
Types: Figured specimens USNM 130284-130287.

Occurrence: Mississippi: Prairie Bluff Chalk, locs, 67, 72, 80,
82, 87, 88, 91, 92, 94.

Genus DRILLUTA Wade, 1916

Type by original designation, Drilluta communis
Wade.

Diagnosis—Rather slender fusiform shells with a
spire about half total shell height. Whorls posteriorly
constricted to a roughened subsutural collar. Sculp-
ture usually dominated by strong collabral transverse
ribs; spiral sculpture well developed on basal slope,
less frequently on periphery. Aperture notched
posteriorly, siphonal canal of moderate length and
slightly inclined to left. Inner lip callus thin; colu-
mella with a strong plait anterior to one or two
weaker folds.

Discussion.—The stout strong fusiform shells of
this genus are well represented in the Upper Creta-
ceous of the gulf coast by several species. At some
localities these are among the most common gastro-
pods in the fauna. Intraspecific variation appears to
be great.

Drillute has been placed among the volutes by
Wade and Stephenson. Pilsbry and Olsson (1954, p.
15) placed 1t within their new subfamily Athletinae
of the Volutidae, but Wenz (1943, p. 1418) placed it
in the Conacea. The spire in Drilluta is rather high
for those families. In this respect it appears to be
closer to such genera as Bellifusus Stephenson, which
also possesses a subsutural collar and similar apertural
features. On this basis Drillute is placed in the
Fasciolariidae.

The following species are here accepted as valid
species of Drilluta.

Drilluta communis Wade, Ripley Formation of Tennessee, Mis-
sissippi, and Texas

Drilla? distans Conrad, Ripley Formation of Texas to Georgia

Drilluta major Wade, Ripley Formation of Tennessee

Rostellites marylandicus Gardner, Brightseat Formation of
Maryland

Fusus novemliratus Conrad, Owl Creek Formation of Missis-
sippi

Drilluta buboanus Sohl, Owl Creek Formation of Mississippi
lemniscata Sohl, Owl Creek Formation of Mississippi
sp. Sohl, Prairie Bluff chalk of Mississippi
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Species questionably assigned to Drilluta:

Fasciolaria? sp. Gardner, Monmouth Formation of Maryland

Anchura? monmouthensis Gardner, Monmouth Formation of
Maryland

Described species of Drillute that are here reas-
signed :

Turbonilla (Chemmitzia) laqueata Conrad = Drillute distans
(Conrad)

Drilluta brevispira Stephenson = Drilluta distans (Conrad)
crassicostata Stephenson = Drilluta communis Wade
dimurorum Wade = Drilluta major Wade

Several species from Africa may also belong in
Drilluta. Wade (1926, p. 116) believed that Ceri-
thium traffrarium Griesbach (1871, p. 64) and Woods
(1906, p. 325) belonged to Drilluta. This species is
based upon only a single incomplete specimen that
retains ouly a part of the spire and is too inadequate
to definitely assign to this genus. Drilluta biplicata
Riedel (1932, p. 117) from the Coniacian of the Came-
rouns is probably not a Drilluta. Collignon (1949a)
assigned an internal mold from the Senonian of Mada-
gascar to this genus, a placement certainly based on
insufficient evidence.

Pchelintsef (1953, p. 265) described Drilluta curta
from the Upper Cretaceous (Cenomanian) of Russia.
The species is based on incomplete specimens possess-
ing strong transverse ribs and a single columellar pli-
cation. Better preserved material is necessary before
this species can be accepted in the genus.

The specimens Gardner (1916, p. 424, 438, pl. 15, fig.
1; pl. 14, fig. 11) assigned to Rostellites marylondica
and Fasciolaria? sp. perhaps belong to the same species
and have a columellar plication and ornament like that
of Drilluta. They are most similar to Drilluta major
Wade. Anchura? monmouthensis Gardner (1916, p.
476) the second questionably assigned form, is based
on an internal mold that bears the impression of a
columellar plication impressed on the interior of the
whorls of the spire. This obviates the possibility of
its belonging to Anchure and its size and reflection
of coarse transverse ornament is highly reminiscent
of the specimens assigned to Fasciolaria? sp. by
Gardner.

Drilluta communis Wade
Plate 27, figures 12, 13, 20-22
1916. Drilluta communis Wade, Philadelphia Acad. Nat. Seci.
Proc., v. 68, p. 459, pl. 23, figs. 5, 6.
1925. Drilluta communis Wade. Cossmann, Hssais Paléocon-
chologie Comparée, v. 13, p. 244, pl. 10, figs. 25, 26.
1926. Drilluta communis Wade, U.S. Geol. Survey Prof. Paper
137, p. 116, pl. 38, figs. 4, 5.
1941. Drillute crassicostata Stephenson, Texas Univ. Bull. 4101,
p. 352, pl. 67, figs. 3, 4.
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1941. Drilluta crassicostata longa Stephenson, Texas Univ.
Bull. 4101, p. 353, pl. 67, figs. 5, 6.

1943. Drilluta communis Wade. Wenz, Handbuch der Paldo-
zoologie ; Gastropoda, v. 6, p. 1418, fig. 4006.

Diagnosis—A high-spired moderately slender Dril-
luta with flattish to convex whorl sides; 17-18 trans-
verse ribs per whorl on larger specimens; spiral orna-
ment absent or very faint on periphery, strong on
base.

Discussion—At its type locality on Coon Creek,
Drilluta communis Wade is one of the more common
gastropod species. The same holds true where it is
found in the Nacatoch Sand of Texas. Drilluta com-
munis Wade is a quite variable species. Variation in
size is considerable with the larger shells developing
flatter sided whorls in their late stages of development.
Likewise, the number of transverse ribs is greater
on the larger specimens, and they generally number
about 17 on the body, but at about four whorls earlier,
the number of ribs per whorl is reduced to ten or
eleven. The pleural angle also changes with growth,
being 40° or less on the larger shells. Spiral orna-
ment on the spire is usually poorly developed and
frequently is absent on the periphery of the body, but
some shells have moderately strong cords appearing
high on the body. Several varieties could be proposed
on the basis of shape and ornament, but they are
gradational and the names would be superfluous.

D. erassicostata Stephenson from the Nacatoch Sand
of Texas appears to fall within the range of variation
exhibited by the specimen from Coon Creek. In gen-
eral they fall closer to the slimmer type of D. com-
munis figured on plate 27, figure 20, than to the holo-
type, which has more convex sides and a greater curva-
ture of the transverse ribs.

Drilluta distans (Conrad) has a shorter spire and
fewer wider spaced and generally less coarse trans-
verse ribs,

Types: Holotype USNM 32860; hypotypes USNM 77100-
77104 (Texas) and USNM 130288-130291 (Tenn.).

Occurrence: Tennessee: Ripley Formation, loc. 1. Texas:
Nacatoch Sand.

Drilluta distans (Conrad)
Plate 27, figures 1-7, 14, 15, 23, 24, 27, 28
Drillia? distans Conrad, Philadelphia Acad. Nat. Sci.

Jour,, 2d ser., v. 4, p. 286, pl. 46, fig. 40.

Turbonilla (Chemnitzia) laqueata Conrad, Philadelphia

Acad. Nat. Sci. Jour., 2d ser., v. 4, p. 288, pl. 46, fig.
36.

Drilluta distans (Conrad). Wade, U.S. Geol. Survey
Prof. Paper 137, p. 117, pl. 38, figs. 6, 7.

Drillute paucicostata Stephenson, Texas Univ. Bull.
4101, p. 353, pl. 67, figs. 1, 2.

Drilluta brevispira Stephenson, Texas Univ. Bull. 4101,
p. 354, pl. 67, fig. 7.

1860.

1860.

?1926.

1941,

1941,
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Diagnosis—A Drillute with plump convex-sided
whorls and 12-14 transverse costae per whorl.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loe. H MD
40.0 14.8
57.2 21,1
41.5 16.7
45.5 16.0
45.4 16.0
48.3 16.4
51.0 16.6
52.8 16.9
39.5 15.1
37.2 13.2

Discussion—Drillute distans is one of the best rep-
resented gastropod species in the Ripley Formation
and, due to its strong shell, it is generally found
well preserved.

The holotype of Drillia? distans Conrad is pre-
served in the collections of the American Museum of
Natural History in New York (AMNH 9060). That
specimen comes from the Ripley Formation at Eu-
faula, Ala. As Conrad’s figure (1860, pl. 46, fig. 49)
is of a sinistral shell, evidently the figure was re-
versed during reproduction. The apical tip of the
holotype has subsequently been lost (pl. 27, fig. 1).
Topotypes in the collections of the U.S. Geological
Survey afford better comparative material (pl. 27,
figs. 5, 7) and Alabama shells compare very well with
those from the Ripley Formation of Mississippi.

On the same plate, Conrad figured (1860, pl. 46,
fig. 86) a shell possessing a posterior collar but miss-
ing the anterior part of the shell, which he recon-
structed in his figure. This specimen, the holotype of
Turbonilla (Chemnitzia) laqueata, as a glance at the
figure given herein (pl. 27, fig. 6) shows, belongs in
Drilluta distans. D. brevispira Stephenson is typical
of D. distans as defined here.

The specimens from Mississippi here assigned to
Drilluta distans (Conrad) vary considerably. Some
possess rather round-sided whorls (pl. 27, fig. 24);
others possess whorls that are relatively flat (pl. 27,
fig. 14). On most specimens spiral ornament on the
spire is faint, but on a few specimens (pl. 27, figs.
2, 4) it is easily discernible. Strength of the trans-
verse ribs likewise varies, in some instances they are
so low that they are only slightly raised above the
collar (pl. 27, figs. 3, 27) ; on other specimens they are
strong enough to form a distinct shoulder.

Types: Holotype AMNH 9060; hypotype (= holotype Tur-
bornilla lagueata Conrad) AMNH 9051; hypotype (= holotype

D. brevispira) USNM 77107; hypotype (= holotype D. pauci-
costata) USNM 77105; hypotypes USNM 130292, 130293 (Ala-
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bama) ; hypotypes USNM 130723, USNM 130294-130299 (Mis-
sissippi).

Occurrence: Mississippi: Ripley Formation, at locs. 4-6, 12,
14, 15-18. Tennessee: Ripley Formation, at loc. 1(?). Ala-
bama and Georgia: Ripley Formation.

Drilluta lemniscata Sohl, n. sp.
Plate 27, figures 16-19

Diagnosis—Qutline slim for genus; subsutural col-
lar narrow and bears strong incrementals; transverse
ribs strong; strong spiral ribbons and cords cover
entire whorl surface.

Description—Medium-sized fusiform shells with a
spire a little less than half the total shell length;
pleural angle 30°-35°. Protoconch unknown. Suture
impressed, undulatory in trend. Whorls sharply con-
stricted posteriorly to a narrow subsutural collar that
bears raised sharp-edged growth incrementals at ir-
regular intervals; periphery broadly rounded and
tapering below. Sculpture ornate and strong; 9 or
10 collabral broad strong transverse ribs occur on the
body and are abruptly constricted posteriorly and
diminish in vigor below the shoulder, dying out on
the basal slope. Spiral ribbons and cords cover the
entire shell surface and override the transverse ele-
ments; ribbons number 22-25 on the body whorl.
Growth lines flexed on collar, orthocline to slightly
opisthocline over the periphery, swinging back to
prococline on the anterior extremity. Aperture elon-
gate, lenticular, with a narrow posterior notch and a
slightly twisted moderately long rather broad siphonal
canal. Outer lip thin at edge, crenulate where inter-
sected by the spiral ribbons. Inner lip lightly callused.
Columella with a strong anterior fold and two weaker
posterior folds.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H | MD
46 (holotyPe) - - oo e 72.2 26—
46 (Paratype) . . e 43.2 15.4

Discussion—Drilluta lemniscata occurs in the Owl
Creek Formation and is one of the more highly ornate
species of Drilluta. The strong spiral ornament and
sharp incrementals of the subsutural collar are remi-
niscent of D. major Wade from the Coon Creek
Tongue of the Ripley Formation. It differs from that
species by its less coarse and sinuous transverse ribs,
by its smaller size, and by its stronger spiral ornament.
Neither D. distans (Conrad), D. communis Wade, nor
D. buboanus Sohl have as broad ribs nor do they
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possess such strong spiral ornament or such a narrow
subsutural collar with sharp incrementals.

Conrad (1858, p. 332) described and figured Fusus
novemliratus from the Owl Creek Formation. This
species bears a posteriorly constricted whorl, strong
spiral sculpture, and transverse ribs. Its characters
are much like those of Drilluta. The type specimen is
evidently lost and although Conrad’s figure (1858, pl.
35, fig. 18) simulates this species to some extent, the
spire is shorter, the whorls are proportionally broader,
and the columella is more twisted. The assignment of
Conrad’s species to the genus Drillute is untenable in
that the specimen illustrated is broken for more than
one-quarter turn back from the aperture and no
columellar plications are visible nor are any mentioned
by Conrad. It would appear best to consider #. no-
vemliratus a nomen dubium.

Types: Holotype USNM 20428; paratype USNM 130300.
Occurrence: Mississippi: Ripley Formation at locs. 42, 46.

Drilluta buboanus Sohl, n. sp.
Plate 27, figures 8-11, 25, 26

Diagnosis—Medium-sized shells with a subsutural
collar that is rather broad for the genus; transverse
ribs strongly compressed to truncate above; spiral
ornament moderately strong and may cover whorl
surface.

Description.—Shell of medium size, spire a little
less than half total shell height, pleural angle 30°-85°.
Protoconch unknown. Suture impressed, irregular in
trend. Whorls seven to nine in number, compressed
posteriorly to a moderately broad and corrugated sub-
sutural collar. Periphery broadly rounded to rather
flat sided, anterior slope gentle. Sculpture dominated
by strong broad collabral transverse ribs that are gen-
erally truncate at their upper end, strong over the
periphery but die out on the basal slope; ribs under
9 or 10 per whorl. Spiral sculpture strongest. on body
whorl where numerous cords and lirae cover the whorl
surface and override the transverse ribs and the cor-
rugations of the subsutural collar; earlier whorls re-
tain only the faintest traces of spiral ornament.
Growth lines gently flexed on collar, orthocline to
slightly arcuately opisthocline on periphery. Aper-
ture incompletely known, notched arcuately posteriorly
and anteriorly, developing a somewhat twisted si-
phonal canal of moderate length. Outer lip thin at
edge, inner lip lightly callused. Columella bearing
a strong plication anterior to several weaker ones.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).
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Loc. H MD
46 (holotype). 69+ 14.4
46 (paratype)- 45. 5+ 18.5
Do, 48.2+4 18.8
45 (paratype)- 47.3 16.9

Discussion.—Drilluta buboanus is restricted to the
Owl Creek Formation. Like D. communis and D.
distans from the Ripley Formation this species shows
considerable variation in form and ornament. The
holotype is the largest specimen (pl. 27, fig. 25) and
exhibits stronger spiral ornament of the later devel-
opmental stages, whereas the paratypes figured (pl. 27,
figs. 8-11) show generally poor development of cords
except for the basal slopes and pillar. The paratype
from locality 45 shows (pl. 27, fig. 8) a more sinuous
trend of growth lines than is typical and with the
paratype from locality 46 (pl. 27, fig. 10) exhibits
well the strongly truncated upper ends of the trans-
verse ribs.

Drilluta, buboanus is most closely related to D. dis-
tans and D. communis, but it differs from these two
species principally by the stronger development of
spiral ornament and more strongly constricted sub-
sutural collar.

Types: Holotype USNM 130301; paratypes USNM 130302—

130304.
Occurrence: Mississippi: Owl Creek Formation at locs. 45,
46, 55.
Drilluta major Wade
Plate 26, figures 20-22

1916. Drilluta major Wade, Philadelphia Acad. Nat. Sci. Proc.,
v. 68, p. 460, pl. 23, figs. 7, 8.

1926. Drilluta major Wade, U.S. Geol. Survey Prof. Paper 137,
p- 117, pl. 38§, figs. 2, 3.

1926. Drilluta dimurorum Wade, U.S. Geol. Survey Prof. Pa-
per 137, p. 118, pl. 39, figs. 5, 7.

Diagnosis—Shell large for genus, transverse ribs
strongly opisthocline over periphery of body; sub-
sutural collar with raised strong imbricate incre-
mentals; spiral ornament of strong cords.

Measurements—As all specimens are incomplete,
two columns for height are inserted. The first is the
actual height of the specimen, the second is the
estimated height. The explanation of measurements
and symbols used in the following table appears in
the section “Measurements of specimens” (p. 172).

H Estimated MD
H

1 (holotype)._ -
1 (hypotype)
Do

125
125

35
40

R8Y

TENNESSEE AND MISSISSIPPI

Discussion—Wade (1926, p. 118) stated Drilluta
dimurorum differed from D. major “in the character
of the posterior fasciole and in having a less ornate
sculpture and a more prominent single columellar
plait.” The holotype of D. dimurorum is a very im-
perfect specimen with a worn exterior that led Wade
to believe the sculpture of the body and subsutural
collar (fasciole of Wade) to be subdued. The sculp-
ture of the topotype figured on plate 27, figures 20
and 21, shows a similar suppression due, at least in
part, to wear. Although Wade mentions several
plaits being present posterior to the strong columellar
plait on D. major, the author has noted only one
strong plait on both the holotype and the topotypes.
It seems reasonable therefore to include D. démurorum
in the synonymy of D. major.

Types: Holotype USNM 32859 ; hypotype (= holotype of D.
dimurorum) USNM 32864 ; hypotypes USNM 130305, 130306.

Occurrence: Tennessee: Ripley Formation at loc. 1. Ala-
bama and Georgia (Chattahoochee River region) : Ripley For-
mation (questionable occurrence).

Drilluta cf. D. buboanus Sohl
Plate 26, figures 8, 14

Discussion—Three internal molds from the Prairie
Bluff Chalk at locality 57 bear the crude reflection
of their external shell surface sculpture preserved by
internal molds of the boring sponge Clione. In
strength of the transverse ribs and in their spacing
and number they approximate Drilluta buboanus Sohl
from the Owl Creek Formation.

Types: Figured specimens, USNM 130307, 130308.
Occurrence: Mississippi: Prairie Bluff Chalk at loc. 57.

Drilluta sp.
Disoussion.—Fragments of large specimens that
possess a subsutural collar, a plicate columella, and
ornament typical of a Drillute related to D. com-
munis are present in the Ripley Formation. These
specimens indicate either the presence of a new species
or that a known species from the formation grows to
a size considerably larger than any known specimen.
The available material is too inadequate to figure.
Occurrence: Mississippi: Ripley Formation at loes. 6, 16,
and 32.
Drilluta? sp.
Plate 26, figures 1, 2, 15

Discussion.—Fusiform internal molds from the
Prairie Bluff Chalk at a number of localities in Mis-
sissippi bear the impression of a strong columellar
plication and occasionally the reflection of external
ribbing. In addition, their size, shape, and outline
agree with Drilluta.
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Types: Figured specimens, USNM 130309, 130310.
Occurrence: Mississippi: Prairie Bluff Chalk at locs. 66,
71,72, 78, 79, 81-84, 87, 90-92, 94.

Genus DOLICHOLATIRUS Bellardi, 1884

Type by subsequent designation (Cossmann, 1901,
p. 23), Turbinelle bronni Michelotti, 1846.

Diagnosis—Medium-sized elongate fusiform shells,
with a high spire sculpture of coarse broad transverse
ribs and numerous spiral cords. Aperture subovate,
siphonal canal narrow and longer than aperture; inner
lip weakly concave, callused, and bearing two low
plications.
" Discussion—This is the first report of the genus
in the Cretaceous, but it is well represented through-
out the Tertiary and has a worldwide distribution.
Compared to the type species from the Miocene of
Ttaly, Dolicholatirus torquatus has stronger transverse
ribs, whorls that are more strongly constricted pos-
teriorly, and a slightly less straight siphonal canal.
In these respects it more closely approaches such
forms as Dolicholatirus perexilis (Conrad) (= Latirus
harrisi Johnson) from the lower part of the Claiborne
of Texas and Mississippi (Palmer, 1937, p. 345).

Dolicholatirus torquatus Sohl, n. sp.
Plate 26, figures 9, 10, 16, 17

Diagnosis—A Dolicholatirus with strong transverse
ribs and a narrow subsutural collar.

Description—Medium to moderate large sized slim
fusiform shells. Pleural angle about 30°. Proto-
conch unknown. Whorls constricted posteriorly to a
narrow subsutural collar, flaring below to a well-
rounded periphery, body constricted strongly below to
an elongate slim pillar. Sculpture of seven to eight
strong broad wide-spaced transverse ribs that are ab-
sent on the collar above and die out on the basal
slope below. Spiral sculpture consists of fine lirae
on the collar and widespread raised narrow cords over
the periphery and base. Growth lines prominent but
fine in trend prosocline over collar, abaperturally
arcuate over periphery and base, becoming mainly
orthocline on pillar. Aperture broadly subovate, pos-
teriorly angulate, and drawn out anteriorly to a nar-
row siphonal canal that is longer than the aperture;
outer lip unknown; inner lip weakly excavated, cal-
lused, and bearing two low oblique folds that do not
reach the aperture on larger specimens.

Discussion—This species is rare and restricted to
the Owl Creek Formation of Mississippi. The holo-
type figured on plate 26, figure 9, is the largest known
specimen. The breadth of its outline is considerably
exaggerated due to compression of the specimen.
There are no other species of the genus in the fauna
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with which to compare Dolicholatirus torquatus and
no significant variation has been noted within the
available material.

Holotype USNM 130311; paratype USNM 130312.
Occurrence: Mississippi: Owl Creek Formation at locs. 41,

46. Tennessee: Questionably present as a reworked element
in the base of the Clayton Formation at loc. 40.

Types :

Genus PALEOPSEPHAEA Wade, 1926

Type by original designation, Paleopsephaeca muta-
bilis Wade.

Diagnosis—Medium-sized fusiform shells with a
spire about half total shell length. Whorls posteriorly
constricted, anteriorly tapering to a siphonal canal of
moderate length. Sculpture dominated by strong
collabral transverse ribs on the swollen body; spiral
sculpture infrequently well developed. Aperture lan-
ceolate, acutely angular posteriorly, siphonal canal
slightly curved and inclined to the left. Columella
generally bearing three oblique plications.

Disoussion.—Paleopsephaea resembles Drilluta Wade
and Bellifusus Stephenson to some extent, but differs
from the former primarily by its lack of a strong
collar and from the latter by its less inflated and
rounded whorls, its more subdued ornament, and its
less strongly constricted whorls.

Wade (1926, p. 123) proposed the genus to include
the two Coon Creek species herein redescribed, two
species = Volutilithes subsimplicatus (d’Orbigny) of
Wanderer and Volutoderma roemer:i (Geinitz) of
Wanderer from the Turonian of Saxony, and Volu-
tilithes nana (Miuller) of Holzapfel from the Vaals
greensand of Aachen. Stephenson more recently
(1955, p. 186-88) extended the range of the genus
downward to the Cenomanian by describing several
species from the Woodbine Formation of Texas. Two
additional species Paleopsephaea scalaris and Paleop-
sephaea o’donelli were described by Rennie (1930, p.
228; 1945, p. 55) from the Upper Cretaceous of Pondo-
land, South Africa, and Angola. Voluta (Paleopse-
phaea) sulcata Riedel (1932, p. 109) described from
Mungofluss of the Cameroons should be assigned else-
where as it appears to possess no posterior whorl
constriction.

Paleopsephaea mutabilis Wade
Plate 28, figures 1-6

1926. Paleopsephaen mutabilis Wade, U.S. Geol. Survey Prof.
Paper 137, p. 128, pl. 40, figs. 4, 5, 8.

1943. Volutilithes (Paleopsephaea) mutabilis (Wade). Wenz,
Handbuch der Paldozoologie, Gastropoda, v. 6, pt. 6,
p. 1328, fig. 3772.

1945. Paleopsephaea mutabilis Harbison, Philadelphia Acad.
Nat. Sci. Proc., v. 97, pl. 4, figs. 29, 30.
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Diagnosis—A Paleopsephaca with 9-11 strong col-
labral ribs but only the faintest traces of spiral
sculpture on the body whorl.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Number
Loc. H MD H:D of ribs
on body
1 (holotype) - 45. 54 17.5 2.6 10-11
1 (paratype) 34. 0+ 11.8 2.8 9
35.2 11.9 2.9 10
35. 5+ 13.5 2.6 10
36. 5+ 12.5 2.9 10
34.2+ 12.0 2.8 10
30.0 10.6 2.8 10
30. 44 12.0 2.6 9
30.8 11.2 2.7 10
25.0+ 9.9 2.5 9
29 10.0 2.9 11
28.7 10.5 2.6 9

Discussion.—Paleopsephaca mutabilis Wade is well
represented at a number of localities in the Ripley
Formation of both Mississippi and Tennessee. At its
type locality, on Coon Creek, McNairy County, Tenn.
(loc. 1), it is moderately common. As is the case
with many other species, specimens from this locality
exceed those from the higher levels in size. Shell
proportions vary little and the number of transverse
ribs is constant among the available suites. To some
extent the number of transverse ribs appears to be
proportional to size. Likewise the larger specimens
appear to have more sinuous ribs although this feature
is not constant. Spiral ornament is always faint, but
variable both as to degree of strength and area cov-
ered. Although smaller in size the Mississippi speci-
mens agree well with those from the type locality.
One incomplete specimen from locality 6 (pl. 37,
fig. 5), however, shows a suppression of the transverse
ornament and a lack of a well-defined posterior whorl
surface. The specimen is considered as an aberrant
form as it occurs with numerous perfectly well devel-
oped specimens.

P. pergracilis Wade differs by having strong spiral
ornament and fewer transverse ribs.

Types: Holotype and paratype 32867; hypotype ANSP; hy-
potypes USNM 130313-130316.

Occurrence: Tennessee: Ripley Formation at loc. 1.
sissippi: Ripley Formation at locs. 5-7, 16, 18.

Mis-

Paleopsephaea pergracilis Wade
Plate 28, figures 9, 17
1926. Paleopsephaea pergracilis Wade, U.8. Geol. Survey Prof.
Paper 137, p. 124, pl. 40, figs. 3, 7.

Diagnosis—A Paleopsephaea of rather slender out-
line; sculpture consisting of about six transverse ribs
per whorl and close-spaced spiral lirae that cover the
shell surface.
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Discussion.—This species is based upon two incom-
plete specimens from Coon Creek, McNairy County,
Tenn. It is reasonable that the two fragments belong
to the same species as the number of ribs and the
general ornament is similar. P. mutabilis is less
slender, lacks the strong spiral sculpture of this species,
and has more numerous transverse ribs.

Types: Holotype and paratype USNM 32866.
Occurrence: Tennessee: Ripley Formation at loc. 1.

Paleopsephaea tenuilirata Sohl, n. sp.
Plate 28, figures 7, 8, 15, 16

Diagnosis—A  Paleopsephaea whose sculpture is
dominated by about eight strong collabral ribs that are
overridden by the numerous close-spaced spiral lirae
that cover the shell surface.

Description.—Shell medium-sized, fusiform; spire
half total shell height; pleural angle about 30°. Pro-
toconch consisting of about 214 round-sided whorls;
junction with teloconch accompanied by flattening of
the whorl sides plus addition of opisthocline trans-
verse ribs that, after one-quarter of a turn, become
orthocline; spiral ornament appears on the last part
of the first teloconch whorl. Body whorl posteriorly
constricted, subshouldered, rounding down below to a
tapering siphonal canal. Sculpture of about eight
collabral transverse ribs that die out above and below,
but are accentuated in height near their upper end;
spiral lirae number about 21 on the penultimate whorl
and are close spaced and crowded, covering the total
surface of the body. Aperture incompletely known,
narrowly angulated posteriorly, and possessing a nar-
row siphonal canal. Inner lip lightly callused.
Columella bearing four rather weak plications.

Measurements—The holotype, missing both the ex-
treme anterior and posterior tips, measures 29 mm in
height and 11 mm in diameter.

Discussion.—Paleopsephaea tenuilirata appears to
be most similar to P. pergracilis in ornament, but that
species has fewer and coarser growth lines and fewer
more widely spaced spiral lirae. P. mutabilis Wade
has more numerous and less coarse transverse ribs,
extremely subdued spiral lirae, and stronger columel-
lar plications.

This species is rare and is restricted to the Ripley
Formation of Mississippi.

Types: Holotype USNM 130317; paratype USNM 130318,

130319.
Occurrence: Mississippi: Ripley Formation at loec. 18.
Genus GRAPHIDULA Stephenson, 1941
Type by original designation, Graphidula terebre-
formis Stephenson.
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Diagnosis—Slender elongate fusiform shells of
moderate size. Spire equal to or greater in length
than the body. Sculpture ornate to rather subdued,
consisting of either transverse ribs or spiral lirae or
both. Aperture lanceolate, posteriorly angulated, si-
phonal canal elongate and straight. Columella gen-
erally with one moderately strong plait that is not
visible at the aperture.

Discussion—Stephenson (1941, p. 345) erected this
genus to include, besides the type species, two species
from the Ripley Formation of Coon Creek, Tenn.,
described by Wade as Piestochilus cancellatus and
Mesorhytis obscura and two questionably assigned
species, Graphidula? multicostata Stephenson and G.?
gabriellensis Stephenson, from the Kemp Clay of
Texas. In addition, the same author proposed, but did
not diagnose, the family Graphidulidae, in which he
also included the genus Lomirosa. The latter genus
is not closely related to Graphidula. Separate familial
designation for Graphidula does not appear necessary.

Piestochilus Meek is a closely related genus. If
Piestochilus is to be used in the broad usage of Meek,
Graphidula should be included as a synonym. The
type species, Piestochilus scarboroughi (Meek and
Hayden), is rather short spired and broad, but Piesto-
chilus culbertsoni (Meek and Hayden) is an elongate
species much like Graphidule. The columellar plait
placement of these forms is similar and a distinction is
only feasible on the basis of shape.

When thus distinguished, the species assignable to
each genus is as follows:

To Graphidula:

Piestochilus cancellatus Wade, Ripley Formation of Tennes-

see

Graphidula terebriformis Stephenson, Nacatoch Sand of

Texas

Graphidula? multicostata Stephenson, Kemp Clay of Texas

gabriellensis Stephenson, Kemp Clay of Texas

Piestochilus pergracilis Wade, Ripley Formation of Tennes-

see

Mesorhytis obscura Wade, Ripley Formation of Tennessee

Fusus culbertsoni Meek and Hayden, Fox Hills Sandstone of

western interior

Graphidule tippahensis Harbison, Ripley Formation of Mis-

sissippi (= Graphidula melanopsis (Conrad)

Fasciolaria cretacea Meek and Hayden, Fox Hills (ques-

tionably assigned)

Turbonilla (Chemnitzia) melanopsis Conrad, Ripley Forma-

tion of Mississippi
To Piestochilus:

Fusus scarboroughi Meek and Hayden, Fox Hills Sandstone

of western interior

Piestochilus? levis Stephenson, Kemp Clay of Texas

Rimella curvilirata Conrad, Owl Creek Formation of Mis-
sissippi
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Graphidula cancellata (Wade)
Plate 28, figures 28, 29
1926. Piestochilus cancellatus Wade, U.S. Geol. Survey Prof.
Paper 137, p. 131, pl. 45, figs. 15, 16.
1941, Graphidula cancellata (Wade). Stephenson, Texas Univ.
Bull. 4101, p. 346.

Diagnosis—A Graphidula of medium size, bearing
subcancellate surface ornament; spiral ribbons broader
than interspaces and number about seven on penul-
timate whorl.

M easurements—The holotype measures 38.8 mm in
height, 9.6 mm in diameter, and has a pleural angle
of about 25°.

Discussion.—This species is very uncommon at its
type locality in the Ripley Formation at Coon Creek,
McNairy County, Tenn. The single columellar fold
is barely visible at the aperture. This species differs
from Graphidula obscura (Wade), with which it oc-
curs, by number of plications, their visibility at the
aperture, and by having broader unpaired spiral rib-
bons. @. terebriformis Stephenson, from the Naca-
toch Sand of Texas, is closely related but appears to
have more subdued ornament with the spiral ribbons
of the body whorl being quite indistinct.

Type: Holotype USNM 32891.
Occurrence: Tennessee: Ripley Formation at loc. 1.

Graphidula pergracilis (Wade)
Plate 28, figures 19-22, 30, 31
1926. Piestochilus pergracilis Wade, U.S. Geol. Survey Prof.
Paper 137, p. 131, pl. 45, figs. 9, 10.

Diagnosis—Shell of medium to moderately large
size for genus. Spiral sculpture dominant on spire;
penultimate whorl bearing eight to nine spiral rib-
bons with interspaces wider than ribbons; ornament
much subdued on body whorl of larger specimens.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD ‘ HB
1 (holotype).___ 57.5 12.8 27.8
1 (topotype) (pl. 28, fig. 31) oo 18.8 42.8

Discussion.—With increased size, both the spiral
and the transverse elements of sculpture decrease in
strength. First to be affected, however, are the trans-
verse ribs, which are strong on the early part of the
spire (pl. 28, fig. 21), but by the ninth or tenth whorl
are quite low and irregularly developed. On about the
eleventh whorl the spiral ribbons begin to fade (pl.
28, fig. 30). Figures 22 and 30, plate 10, show a body
whorl of the largest available specimen and the ex-
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treme change the ornament has undergone. Although
on the mature whorls the development of columellar
plaits is restricted to a moderately strong to weak
anterior plait and, occasionally, a very faint second
plait behind it, on the earlier whorls (pl. 28, fig. 21)
three or four rather strong plaits may be present.
Graphidule tippahensis Harbison is, perhaps, the
closest ally of G. pergracilis (Wade), but that species
has stronger transverse ribs as well as a less slim spire.

Types: Holotype USNM 32888; hypotypes USNM 130338-
130340.

Occurrence: Tennessee: Ripley Formation at loc. 1.

Graphidula obscura (Wade)
Plate 28, figures 11-14
1926. Mesorhytis obscura Wade, U.S. Geol. Survey Prof. Pa-
per 137, pl. 46, figs. 2, 6.
1941. Qraphidulae obscura (Wade).
Bull. 4101, p. 346.

Stephenson, Texas TUniv.

Diagnosis—Shells medium sized for genus, orna-
ment subcancellate, with spiral ribbons clustered in
double-rowed bands and with secondary cords inter-
vening occasionally; columellar plications weak.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD
200210} g o 35.5 9.8
Topotype 24.8 7.1
Do...._. 23.0 6.4
DO oo 14.6 4.7
B S 18.5 5.0

Discussion—The shells of this attractive species
are distinguished from those of Graphidula cancel-
latus by their greater number of spiral ribbons on the
penultimate whorl. In addition, the ribbons of @.
cancellatus are discrete whereas those of @. obscura
are grouped into bands of two ribbons each that are
raised over the interspiral spaces (pl. 28, figs. 12, 14).
On a few specimens, secondary spiral cords are inter-
polated between the bands of paired ribbons. On the
smallest paratype of the type species, @. terebriformis
Stephenson, from the Nacatoch Sand of Texas, a faint
tendency for such banding was noted on an early
whorl, but in general that species has much more sub-
dued ornament with the transverse elements being
proportionally stronger. The columellar plaits of
G. obscura are not visible at the aperture and even
when the spire is sectioned some specimens have only
the faintest traces of folds. Generally two weak folds
occur (pl. 28, fig. 14), the anterior one being the
stronger. Wade’s illustration (1926, pl. 46, fig. 2) is
retouched and gives an erroneous impression both of
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the strength of the folds and their inclination. Ac-
tually the folds are seen only in highly inclined light
and are highly oblique rather than low spirals as
shown by him.

Types: Holotype USNM 32893; hypotypes USNM 130366—
130368.
Occurrence: Tennessee: Ripley Formation at loc. 1.

Graphidula terebriformis Stephenson
Plate 28, figures 24-26
1941. Graphidula terebriformis Stephenson, Texas Univ. Bull.
4101, p. 346, pl. 66, figs. 13, 14,

Diagnosis—Shell slim and small to medium sized
for genus; ornament subcancellate, spiral ribbons close
spaced, low, subdued, broad, and generally bearing a
fine incised line medially that divides the ribbon,
columellar plications weak and not visible at aperture.

Discussion—~Compared with the type specimens
from the Nacatoch Sand of Texas, the ornament of
the Mississippi specimens is much sharper and the
spiral ribbons are of the same strength as the trans-
verse elements, although frequently broader. This
lends the surface a rectangularly checkered pattern.
Part of the difference in sharpness in the Mississippi
specimens is believed due to the different type of
preservation exhibited by specimens from the two
areas.

Graphidula obscura (Wade) from the Ewogyra can-
cellata zone of Tennessee is similar but has more
strongly developed ornament, is more robust, has
rounder sided whorls, and has secondary lirae be-
tween the double-rowed primary ribbons.

Types: Holotype USNM 77085 (Texas); paratype USNM
21076 (Texas) ; hypotypes USNM 130341, 130342 (Mississippi).

Occurrence: Mississippi: Ripley Formation at loc. 18.
Texas: Nacatoch Sand.

Graphidula melanopsis (Conrad)
Plate 28, figures 18, 23, 27, 32-35

1860. Turbonilla (Chemnitzia) melanopsis Conrad, Philadel-
phia Acad. Nat. Sci. Jour., 2d ser., v. 4, p. 287, pl. 46,
fig. 35.
1945. Graphidula tippahensis Harbison, Philadelphia Acad. Nat.
Sci. Proc., v. 97, p. 85, pl. 5, figs. 33, 34.
Diagnosis—Shells moderately large for genus;
sculpture strong on spire, consisting of numerous
strong transverse ribs with seven or eight spiral rib-
bons visible in the rib interspaces.
Description—Shells medium to moderately large in
size, elongate fusiform in shape; spire rather evenly
tapering, pleural angle 20°-25°. Protoconch consists
of about 234 smooth whorls, the first of which is low and
the second has well-rounded sides; junction with
conch gradual with low transverse swellings appear-



NEOGASTROPODA, OPISTHOBRANCHIA, AND BASOMMATOPHORA

ing, that later strengthen to strong continuous col-
labral transverse ribs. Suture slightly impressed.
Teloconch whorls number about 12 and are almost
flat sided on spire; body tapering rather gently to the
siphonal canal. Sculpture of spire consists of strong
collabral ribs that are most strongly curved on early
whorls; spiral sculpture of equispaced spiral ribbons
that number eight or nine on spire whorls; ribbons
override ribs on early whorls but on later whorls are
interrupted on rib tops, and they are visible only in
the rib interspaces. Sculpture on the last several
whorls becomes increasingly subdued until, on the
body, only faint traces of the ornate sculpture of the
spire remains. Awperture lanceolate, posteriorly angu-
lated, anteriorly drawn out to a straight narrow elon-
gate canal; outer lip incompletely known; inner lip
moderately to lightly callused, callus thickest on up-
per surface of parietal lip. Columella smooth at
aperture but interiorly bearing a single moderately
strong oblique plication; the earliest whorls of the
spire, however, show four plications of which are lost
after about the ninth whorl.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H Estimated MD
H
18 (hypotype) (pl. 28, fig. 34)_ ___________.____ 78.5 82.0 21.5
18 (hypotype) (pl. 28, fig. 33) ... 78.5 87.0 20.4

Discussion.—The holotype of Graphidula melanop-
sés (Conrad) (pl. 28, fig. 27) is present in the collec-
tions of the American Museum of Natural History
(AMNH 9050) and is an incomplete and immature
specimen from the “Ripley group, Tippah County,
Mississippi.” The exact type locality is unknown, but
the specimen compares very well with the holotype
of Graphidula tippahensis Harbison, another imma-
ture specimen, from the Ripley Formation at locality
18. The two species are considered to be synonyms.

The species is especially abundant in the Ripley
Formation at the Union County Lake locality (loec.
18). Here sufficiently large individuals have been
collected to indicate the great change in type of orna-
ment with size. (Contrast pl. 28, fig. 32 and pl. 10,
fig. 23.) With increasing size, strength of ornament
diminishes, but the beginning of suppression varies
with the specimen, as does the strength of ornament
of the early whorls. Although most specimens possess
only 7 or 8 spiral ribbons on the spire, a few show
as many as ten ribbons. Usually the ribbons are
wider than the interspaces, but sometimes they are nar-
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rower. Variation in swelling of the whorls is also
present. (Contrast pl. 28, fig. 34 and pl. 10, fig. 32.)
In some individuals, whorls are almost flat and in
others whorls are quite convex or subsuturally swollen.
Similar variations are seen at other localities. At
locality 6 the average number of ribbons (pl. 28, fig.
18) is higher than at locality 18, and some specimens
show the addition of secondary spiral lirae between
the ribbons.

G.% multicostata Stephenson, from the Kemp Clay
of Texas, most closely approaches this species but
differs in maintaining its ornament even on the larger
sized specimens. @.%? gabrielensis Stephenson, also
from the Kemp Clay, has more numerous thinner and
closer spaced transverse ribs.

Types: Holotype AMNH 9050; holotype of G. tippahensis,
ANSP 16235; hypotypes USNM 130343-130345.

Occurrence: Mississippi: Ripley Formation at locs. 5, 6,
13-18, 23, 29. Georgia and Alabama: Ripley Formation.

Graphidula cf. G.? multicostata Stephenson
Plate 28, figure 10
1941. Graphidula? multicostata Stephenson, Texas Univ. Bull
4101, p. 347, pl. 66, figs. 11, 12.

Discussion.—The specimen here tentatively assigned
to Graphidula? multicostata Stephenson comes from
the Owl Creek Formation of Tippah County, Miss.
(loc. 45), at about the same level as the holotype from
the Kemp Clay of Texas. Like the holotype, this
specimen has well-developed spiral ribbons on the
body whorl that cover the entire surface and override
the transverse elements. However, as this specimen
is smaller and incomplete, definite assignment to
Stephenson’s species cannot be made.

Type: Figured specimen USNM 130347.
Occurrence: Mississippi: Owl Creek Formation at loc. 45.

Graphidula sp.
Plate 29, figures 1-3

Discussion.—A number of internal molds from the
Prairie Bluff Chalk preserve the shape of Graphidula.
Some of the molds preserve the reflection of rather
strong continuous transverse ornament and indicate
the presence of a form similar to a species from the
Kemp Clay of Texas. The specimen figured on plate
28, figure 2, suggests G.? gabrielensis Stephenson.

Type: Figured specimens USNM 130348-130350.
Occurrence: Mississippi: Prairie Bluff Chalk at locs. 66,
71, 72, 82, 83, 85, 87, 88, 90, 91.

Genus PIESTOCHILUS Meck, 1864

Type by original designation, Fusus (Pleurotoma?)
scarboroughi Meek and Hayden, 1858.
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Diagnosis—Fusiform shells of moderate size that
have rather plump convex-sided whorls. Spire about
half total length. Sculpture dominated by strong
collabral ribs, but occasionally it is very subdued.
Columella bearing a strong plait that begins just
behind aperture.

Discussion—The affinities with and confusion be-
tween Piestochilus and Grophidule have been dis-
cussed under the latter genus. The genus appears to
be restricted to the late Upper Cretaceous beds of the
gulf coast and western interior where it is represented
by only a few species.

Both the species Fasciolaria (Piestochilus) senecta
White (1888) from Brazil and that assigned to Piesto-
chilus laevigatus by Nagao (1939) from the Upper
Cretaceous of Japan have a form more reminiscent of
Graphidule. Neither species is represented by well-
enough preserved specimens for positive placement.

Piestochilus curviliratus (Conrad)
Plate 29, figures 20, 21, 26, 27
1858. Rimella curvilirata Conrad, Philadelphia Acad. Nat. Seci.
Jour., 2d ser., v. 3, p. 331, pl. 35, fig. 9.

Diagnosis—A Piestochilus bearing numerous strong
rather close spaced, collabral transverse ribs and strong
spiral lirae or ribbons appearing in the rib inter-
spaces.

Description—Fusiform shells of medium size; spire
probably somewhat less than half total shell height;
pleural angle about 50°. Protoconch unknown. Su-
ture impressed. Whorls somewhat convex to flatsided;
body strongly constricted below to the tapering pillar.
Sculpture consisting of strong collabral rather close
spaced transverse ribs that diminish in vigor on the
basal slope until they die out on the siphonal canal
prolongation. Spiral ornament consists of close-
spaced flat-topped spiral ribbons that are wider than
their interspaces and override the transverse ribs on
the early whorls, but are wider spaced and restricted
to the rib interspaces on later whorls. Aperture in-
completely known; inner lip strongly excavated,
lightly callused with callus strongest on the upper
parietal lip near the suture. Columella bears two
plaits that are visible about one-third turn back
of the aperture with the lower plait being the
strongest.

Discussion.—The holotype of Rimella curvilirata
Conrad is not present in the collections of the Acad-
emy of Natural Sciences of Philadelphia and is pre-
sumed lost. As illustrated by Conrad, it was a larger
specimen than either figured herein (pl. 29, figs. 20,
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26).
lows:

Conrad’s description (1858, p. 331) is as fol-

Fusiform, ribbed longitudinally ; ribs somewhat curved, slightly
sinuous, about twenty-three in number on the body volution;
interstices transversely striated ; beak produced?

The topotype, from Owl Creek, Tippah County,
Miss., figured on plate 29, figures 20, 21, is not only
smaller in size than the holotype but also bears only
14 transverse ribs. Another specimen from the same
level within the Providence Sand of Georgia, how-
ever, exhibits closer spaced ribs, which number 22 on
the body whorl (pl. 29, fig. 26), indicating a wide
variation in rib spacing within the species. As indi-
cated by the illustrations, there is, likewise, a strong
difference in the strength of the spiral ornament with
the Georgia specimen exhibiting less strong but
broader spiral elements.

Neither the holotype, as illustrated, nor the other
two available specimens possess a full extension of
the siphonal canal, but in general the shape and char-
acters of the shell more closely approach those of
Piestochilus than they do those of Graphidula.

Piestochilus? levis Stephenson, from the Kemp Clay
of Texas, is based on shells that have surface features
poorly preserved. The holotype (USNM 77092) dif-
fers from P. curviliratus by its smooth shell surface,
but a part of the surface of the paratype (USNM
77093) shows close-spaced collabral transverse ribs
similar to Conrad’s species. These features suggest
that if better preserved specimens of the Texas spe-
cies were available, they might prove to be conspecific
with the Mississippi species. The type species, Piesto-
chilus scarboroughi (Meek and Hayden), from the
sand of the Fox Hills of the western interior, lacks
the strong transverse ribs of P. cwrviliratus and in
this sense is closer to P. levis Stephenson.

Types: Holotype, lost; hypotypes USNM 130351, 130352.

Occurrence: Mississippi: Owl Creek Formation at loc. 46.
Georgia: Providence Sand.

Piestochilus? sp.
Plate 29, figure 18

Discussion—Two specimens from the Prairie Bluff
Chalk of Mississippi (loc. 71) may belong to this
genus. The specimen figured on plate 29, figure 18,
has broadly convex sided plump whorls like those of
Piestochilus curviliratus and, in addition, the rem-
nants of external ribs that are not interrupted by a
posterior collar as in Drillute are preserved.

Type:. Figured specimen USNM 130353.
Occurrence: Mississippi: Prairie Bluff Chalk at loc. 71.
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Genus ORNOPSIS Wade, 1916

Type by original designation, Ornopsis glenni
Wade.

Diagnosis—Fusiform to subfusiform shells of me-
dium to moderately large size that are very variable
in thickness and strength and have a turreted to tur-
riculate spire. Whorls posteriorly constricted to a
collar, inflated medially, and anteriorly elongated to a
narrow twisted pillar. Ornament of both spiral and
transverse elements of variable strength. Aperture
subovate, posteriorly constricted to a sharp channel,
siphonal canal elongate, narrow, deep, and twisted;
columella bears a thin but strong raised plication im-
mediately above the anterior canal.

Discussion—Wade (1916, p. 463) proposed this
genus to include two species he described from Coon
Creek, Tenn., Ornopsis glenni and Ornopsis elevaita.
In 1926 (p. 127) he added O. digressa Wade from
the same locality. Stephenson (1941, p. 342-344)
described O. solistrella, O. pulchra, and O. maxeyi
from the Navarro Group of Texas. Stephenson stated
that the forms from Texas and 0. elevata and O.
digressa from Tennessee differed significantly from
the type species in size, shape, shoulder excavation,
and thickness of shell and might well be split into
another genus or subgenus. Harbison (1945, p. 84)
erected the new genus Ripleyella for Ornopsis elevata,
as it differed from the type species Q. glenni by its
less inflated body, by having an anterior canal larger
than the “oval orifice,” and by lacking the narrow
posterior notch. Contrary to her view, 0. elevata
does have a posterior notch (pl. 29, fig. 22), but an-
other, and perhaps more important, difference is that
the growth line is less sinuous in the type species O.
glenni.

All the species are related in that they possess a
twisted siphonal canal with a strong plication above
the canal, have at least a tendency for the formation
of a posterior collar, and possess a corresponding
posterior siphonal notch. In addition, the proto-
conch and the early whorl development of sculpture
is very similar. These features indicate a close, and
I believe, congeneric relationship, but they can be
differentiated into three subgenera on the basis of shell
shape and growth line trend and may be distinguished
as follows:

Ornopsis s. s. Subfusiform; whorls strongly collared poste-
riorly ; growth lines prosocline on collar, almost orthocline

on periphery and base. Ornopsis (0.) glenni Wade. (See
fig. 16.)

Ripleyella. Slim, high spired, fusiform; anterior canal very
elongate; posterior collar and shoulder excavation mod-

A A
S b

Ornopsis
(Pornosis)

Ornopsis
(Ornopsis)

Ornopsis
(Ripleyella)

FIGURE 16.—Comparison of growth lines of the three subgenera of
Ornopsis.

erate; growth lines sinuous, developing a strong sinus over
posterior excavation, becoming opisthocline over periphery,
and almost orthocline on the pillar. Ornopsis (R.) ele-
vata Wade and O. (R.) pulchra Stephenson (fig. 16).

Pornosis. Fusiform, body inflated, constricted posteriorly to a
weak collar or subsutural welt, columellar plication low
for genus; growth lines highly sinuous, developing a rather
deep sinus over the excavated collar and shoulder, opistho-
cline on the periphery, becoming prosocline on the base.
0. (P.) digressa Wade, O. (P.) solistella Stephenson, and
0. (P.) modica Sohl (flg. 16).

With the exception of an undescribed species from
the Eutaw formation of Alabama, the genus is re-
stricted to the Ripley and Owl Creek Formations in
Tennessee and Mississippi and to its equivalents in
Texas. Pyrifusus marylandicus Gardner, from the
Monmouth Formation of Maryland, is suggestive of
Ornopsis, but the holotype is entirely too poorly pre-
served for confirmation. Rennie (1945, p. 56) and
Darteville and Brebion (1956, p. 82) have reported
the genus in the Upper Cretaceous deposits of Africa,
but these reports are based on internal molds of ques-
tionable affinities.

Ornopsis is easily distinguished from such genera
as Bellifusus by its twisted siphonal canal and the
position of its columellar plait. The latter feature
also serves to distinguish it from Woodsella Wade
and Cryptorhytis Meek of Wade.

Subgenus ORNOPSIS Wade

Ornopsis (Ornopsis) glenni Wade
Plate 29, figures 8-10, 15, 16

1916. Ornopsis glenni Wade. Philadelphia Acad. Nat. Sci.
Proc., p. 463, pl. 24, fig. 1.
1925. Ornopsis glenni Wade. Cossmann, Essais Paléoconcho-
logie Comparée, v. 13, p. 251, pl. 10, fig. 33.
1926. Ornopsis glenni Wade, U.S. Geol. Survey Prof. Paper 137,
p. 126, pl. 44, figs. 8, 9, 12, 13.
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Diagnosis—Shells subfusiform in outline; whorls
inflated peripherally, but constricted posteriorly to a
strong subsutural collar; transverse ornament of
strong ribs on the shoulder dying out above and be-
low; spiral ornament covers entire surface and con-
sists of strong ribbons that are wider than their inter-
spaces; siphonal canal almost as long as the ovate
aperture.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loe. H HB-| MD | H:H | H:D
USNM 32883 (holotype)...ooo.ooo.o._ 153 37 28 1.4 19
USNM 32883 (hypotype)- 48 35 26 1.4 1.8
Hypotype (pl. 29, fig. 15) R 183 | 37 1.4 2.0
Topotype..... 42 31 23 1.4 1.8
Do... 50 34 23 1.5 2.2
Do... 38 26 19 1.4 2.0
Do... 31 22 15 1.4 2.1
Do... 37 26 19.5 1.4 L9
Deo... 41 30 20 1.4 2.1
Do... 44 31 23 1.4 1.9
DO e 59 39 29 1.5 2.0
0 TN 55 38| 30 1.4 18

! Estimated.

Discussion—Ornopsis glenni occurs not only at its
type locality on Coon Creek, McNairy County, Tenn.,
but at the same level in the Saratoga Chalk in Ar-
kansas. Its shell is thick and strong and is found
well preserved and abundant. A moderate amount of
variation in shape and ornament is present in the
suite of almost a hundred topotype specimens. Of
all the members of the genus, this species reaches the
largest size. Most of the specimens fall within the
size range of 35 to 50 mm in length, but a few incom-
plete specimens indicate a length of at least 75 mm was
attained. Differences in proportions especially in the
slimness of the spire and obesity of the body is ex-
hibited by variation in the pleural angle from 59°
to 75° on specimens at the same stage of growth. On
the larger specimens the transverse ornament becomes
erratic and subdued (pl. 29, fig. 16) and the spiral
ribbons proportionally broader. The number of trans-
verse ribs per body whorl ranges between 11 and 14
and the number of spiral ribbons on the penultimate
whorl ranges between 9 and 13.

The large hypotype figured by Wade (1926, pl. 44,
fig. 12) has been dorsoventrally compressed and thus
considerably accentuates the obesity of the whorls.
The specimen herein figured on plate 29, figure 16, is
of approximately the same size and gives a more ac-
curate picture of the outline of the species at this
stage of growth.

Types: Holotype and two hypotypes USNM 32883 ; hypotype
USNM 130354, 130355.

Ocourrence: Tennessee: Ripley Formation at loc. 1. Arkan-
sas: Saratoga Chalk (USGS 13513).
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Ornopsis? sp.

Discussion.—In the collections from the Prairie
Bluff Chalk there are many internal molds that have
the low-spired fusiform outline and plump whorls of
Ornopsis (Ornopsis), and these may belong to the
genus, but as preserved they can only be placed here
very hesitantly.

Occurrence :
82, 87, 88, 90.

Mississippi: Prairie Bluff Chalk at locs. 71,

Subgenus RIPLEYELLA Harbison, 1945

Type by original designation, Ornopsis elevata
Wade.

Diagnosis—Very elongate fusiform shells with
whorls posteriorly constricted to a subsutural collar
and anteriorly constricted to a very elongate narrow
siphonal canal immediately above which, on the colu-
mella, is a narrow strong oblique plication. Sculpture
consists of collabral transverse costae, which are noded
at the shoulder, and numerous spiral lirae. Growth
lines sinuous, developing a strong sinus on posterior
excavation, and becoming opisthocline over periphery
and almost orthocline on the pillar.

Discussion—Harbison (1945, p. 84) in proposing
the genus Ripleyella stated

Ornopsis elevata Wade differs materially from the genotype
Ornopsis glenni Wade. The genotype has a much inflated
body and the aperture is narrowly channeled above. The an-
terior canal is far shorter than the oval orifice. These strik-
ing characters are not found in Ornopsis elevaie which has a
more slender spire and the anterior canal is larger than the
oval orifice.

As noted under the preceding generic discussion of
Ornopsis, although Ripleyella does possess a posterior
apertural notch, it has a more sinuous growth line.
Ripleyella is herein treated as a subgenus of Ornop-
sis.

The subgenus is restricted to the Late Cretaceous
of Mississippi, Tennessee, and Texas.

Ornopsis (Ripleyella) elevata Wade
Plate 29, figures 22-25
1916. Ornopsis elevata Wade, Philadelphia Acad. Nat. Sci
Proc., v. 68, p. 464, pl. 24, figs. 2, 3.
1926. Ornopsis elevata Wade, U.S. Geol. Survey Prof. Paper
137, p. 127, pl. 44, flgs. 10, 11, pl. 45, figs. 1, 2.
1945. Ripleyella sp. Harbison, Philadelphia Acad. Nat. Sci
Proc., v. 97, p. 84, 85, pl. 6, figs. 39, 40.
Diagnosis—Slim fusiform shells possessing numer-
ous close-spaced fine spiral lirae covering the shell
surface, but weak over the collar area of the body
whorl; siphonal canal very elongate.
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Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc H ! MD HB
Holotype._..__ 43.7 16.5 28
) o705 oL 28. 5+ 12.4 17. 4+
6 (L. 29, fig, 22) e 42.3 13.5 26.8
B e e 36+ 15,2 |occmeeaes
18_ 37.84+ 16,4 oo
18 e 37.8 129 |ocmieeeoe

Discussion—The type locality of this species on
Coon Creek, McNairy County, Tenn., has yielded but
few specimens. At a slightly higher stratigraphic
position, in the lower part of the Ripley Formation
of Mississippi, 0. (Ripleyella) elevata is more abun-
dant and is well preserved at several localities. As
the measurements indicate, the Mississippi specimens
appear to be somewhat slimmer than those from the
type locality. In addition, the spiral lirae of the
posterior part of the early whorls are more strongly
developed on the Tennessee than on the Mississippi
specimens. In other details they are similar.

Ornopsis (Ripleyella) pulchra Stephenson, from
the Nacatoch Sand of Texas, is a closely related spe-
cies having less well developed but more numerous
transverse ribs. In addition, fine primary spiral lirae
alternate with finer secondaries that are lacking on
Wade’s species.

Types: Holotype USNM 32884; hypotype ANSP 16183; hy-
potypes USNM 130356, 130357.

Occurrence: Tennessee: Ripley Formation at lec. 1. Mis-
sissippi: Ripley Formation at locs. 4, 6, 14-16, 18.

Subgenus PORNOSIS Sohl, n. subgen.

Type species, Ornopsis digressa Wade, 1926.

Etymology—By anagram from Ornopsis, a genus
of gastropods.

Diagnosis.—Elongate fusiform shells, whorls pos-
teriorly constricted to a weak collar and anteriorly to
a moderately twisted narrow siphonal canal, columel-
lar plication low for genus and growth lines very
sinuous, developing a rather deep sinus over collar and
shoulder.

Disoussion.—In shape this subgenus represents a
middle ground between Ornopsis (Ornopsis) and
Ornopsis (Ripleyella). Three species and one sub-
species, all occurring in the Kwogyra costata zone of
Texas and Mississippi, can be assigned here. These
are, Ornopsis (Pornosis) digressa Wade and O. (Por-
nosis) modica modica Sohl from the Ripley Formation
in Tennessee and Mississippi and O. (Pornosis) solis-
tella Stephenson from the Corsicana Marl of Texas
and, in addition, O. (Pornosis) modica levis Sohl,
from the Owl Creek Formation of Mississippi.

217

Ornopsis (Pornosis) digressa Wade
Plate 29, figures 12-14

1926. Ornopsis digressa, Wade, U.S. Geol. Survey Prof. Paper
137, p. 127, pl. 45, figs. 3, 4.

Diagnosis—Shells with strong collabral transverse
ribs that are prominent on the shoulder and periphery
of the body but die out rapidly below.

Description—Medium-sized fusiform shells; pleural
angle about 40° at maturity and 50°-60° on earlier
whorls. Protoconch consisting of from 3-31%4 smooth
round-sided whorls; junction with conch rather ab-
rupt, initiated by the addition of low transverse ribs.
Whorls, exclusive of protoconch, number five to seven,
are well rounded and somewhat inflated over the
periphery, and are slightly constricted in the vicinity
of the suture. Sculpture is initiated on the first telo-
conch whorl by the introduction of low close-spaced
transverse ribs. The spiral elements appear about
half a turn later. The collabral ribs are continuous
suture to suture on the early whorls but become re-
stricted to the periphery on the last whorl where
they are accentuated near their upper limit to sub-
nodings. Spiral sculpture consists of both spiral lirae
and ribbons. In general, the lirae occur near the
suture and the ribbons over the lower two-thirds of
the whorl. On the body the spiral ribbons are strong-
est and broadest on the basal slope. Growth lines
are thin and very close spaced and are strongest on
the body; growth line trend on the earliest whorls is
nearly orthocline but develops an increasingly arcuate
opisthocline trend later. On the body the growth lines
are prosocline over the posterior whorl constriction,
swing sharply to an opisthocline trend over the
periphery, and then swing back to gently prosocline
in a broad arcuate path over the basal slope. Aper-
ture subovate, somewhat angulated posteriorly, and
anteriorly drawn out to a narrow moderately long
and twisted siphonal canal; inner lip lightly ‘callused.
Columella bears a plait that is weak and of low
obliquity for the subgenus.

Measurements—Explanation of measurements and
symbols used in the following table appears in the sec-
tion “Measurements of specimens” (p. 172). All
specimens measured lack the extreme tip of the si-
phonal canal.

Loc, H MD
1 (holotype). - 39.0 18.2
i gy 1 By i
1§ CTTTTTTTTT 24.4 12.8
18 24,0 9.9
30.0 13.3
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Discussion—Ornopsis (Pornosis) digressa Wade is
rare at its type locality on Coon Creek in McNairy
County, Tenn., but southward in Mississippi it occurs
at several localities and at one (loc. 18) it occurs in
some profusion. The holotype (USNM 32885), al-
though lacking a fair part of its siphonal canal, is still
the largest specimen. By virtue of certain changes
in ornament with size, it is difficult to compare with
the Mississippi specimens. Fortunately several topo-
types in the collection are more comparable to the
size attained by the Mississippi specimens. In general,
the specimens from the Ripley Formation of Missis-
sippi show a stronger development of spiral sculpture,
but otherwise they compare very favorably with the
Coon Creek specimens. Variation within a given
population is not great and is mainly confined to a
fluctuation in obesity of the whorls. A few specimens
show suppression of ornament on part of a whorl (pl.
29, fig. 14) much in the style of 0. (Pornosis) modica
Sohl, but after about half a turn the normal pattern
of ornament is resumed.

Ornopsis (Pornosis) modica differs from O. (Por-
nosis) digressa primarily by its much subdued orna-
ment and lesser posterior constriction, but the char-
acters of the early whorl indicate that the two species
are closely related.

Ornopsis (Pornosis) digressa Wade is restricted to
the Ripley Formation of Mississippi and Tennessee,
but an incomplete specimen from the Ripley Forma-
tion in the Chattahoochee region of Alabama, in the
collections of the U.S. Geological Survey, indicates
that a closely related if not conspecific form is present
there.

Types: Holotype USNM 32885; hypotypes USNM 130358
130361.

Occurrence: Tennessee: Ripley Formation at loc. 1. Mis-

sissippi: Ripley Formation at locs. 6, 18, 12, 27. (?) Ala-
bama: Ripley Formation.

Ornopsis (Pornosis) modica Sohl, n. sp.
Plate 29, figures 4-7

Diagnosis—Shells with ornament like that of the
type species on the early whorls, but which becomes
suppressed on later whorls and almost lost on the body
whorl.

Description—Medium-sized fusiform shells with a
spire of a little more than one-third total shell length;
pleural angle 47°-53°. Protoconch trochoid and con-
sisting of about three smooth whorls. Whorls five to
six in number; body whorl plump, somewhat con-
stricted posteriorly, well rounded over the periphery,
and steeply sloping over basal slope. Suture im-
pressed. Sculpture begins with sharp close-spaced
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collabral transverse ribs that are continuous suture to
suture on early whorls and then become entirely sup-
pressed, or restricted to poorly developed collabral
ribs on the periphery. Spiral sculpture consists of
spiral ribbons of variable width, sharply defined on the
early whorls but becoming obscure on later whorls.
Growth lines sinuous, prosocline below the suture,
reflexed to opisthocline over the shoulder, and swing-
ing back to prosocline over the basal slope, but be-
coming mainly orthocline on the pillar. Aperture
subovate, posteriorly angulated, anteriorly drawn out
to a narrow slightly twisted siphonal canal that is
about two-thirds as long as the aperture; outer lip
unknown; inner lip lightly washed with callus;
columella bearing one low oblique fold immediately
above the siphonal canal.
Measurements.—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172). Most
of the measured specimens lack the anterior extremity.

Loc. H MD
6 (hOlOtYDe) o e emaeee 33.0 16.1
6 (paratype) . - 20.5 11.0
5 (PATAt Y De) oo e cimecemmmee 29.0 14.5

Discussion—Variability in ornament within given
populations of O. (Pornosis) modica modica is rela-
tively great. The point at which the transverse orna-
ment is lost or becomes subdued varies with the indi-
vidual specimen. On some specimens sculpture is lost
by the third whorl, whereas on other specimens it is
retained until the body whorl. On the body the ribs
may be of moderate strength and elongate (pl. 29, figs.
6, 7) or may be restricted to somewhat elongated
nodes restricted to the periphery (pl. 29, figs. 4, 5).
Spiral ornament of the later whorls is always obscure
with the exception of that on the upper part of the
periphery. On two specimens (pl. 29, fig. 6), a node-
like pad of callus is present near the upper edge of
the parietal lip, which further constricts the posterior
notch of the aperture.

Ornopsis (Pornosis) modica differs from O. (Por-
nosis) digressa Wade by its subdued transverse orna-
ment that is more widely spaced, more obscure, and
by its subdued less fine spiral sculpture. It is also
less slender, rounder, and has plumper whorls that
lack the shouldering of Wade’s species, but it is closely
related as is seen by its early whorl characters.
Ornopsis (Pornosis) solistella Stephenson, from the
Corsicana Marl of Texas, is a related species but is
difficult to compare. The holotype is laterally com-
pressed and lacks a well-preserved surface. However,
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the transverse ribs are more accentuated than on
0. (Pornosis) modica and the whorls are more con-
stricted posteriorly.

Types: Holotype USNM 130362; paratypes USNM 130363,

20545.
Occurrence: Mississippi: Ripley Formation at locs. 5, 6, 18.

Ornopsis (Pornosis) modica laevis Sohl, n. subsp.
Plate 29, figure 19

Discussion—One specimen from the Owl Creek
Formation on Ow! Creek, Tippah County, Miss. (loc.
46), differs from the typical O. (Pornosis) modica
modica by having its body sculpture extremely sub-
dued. The smoothness of the whorl surface is inter-
rupted only by the faintest of transverse swellings.
In addition, the spiral elements consist of fine lirae
rather than broad ribbons and the growth lines appear
less strongly flexed below the suture. This subspecies
appears to be an end product of the trend for sub-
dued ornament started in early Ripley time (fig. 17).

Type: Holotype USNM 20409.
Occurrence: Mississippi: Owl Creek Formation at loc. 46.

Ornopsis (Pornosis?) sp.
Plate 29, figures 11, 17

Discussion—Numerous internal molds from the
Prairie Bluff Chalk can tentatively be assigned to
this genus. They not only assume the shape of Ornop-
sis, but some also show traces of ornament typical of
the subgenus 0. (Pornosis). The specimen illus-
trated here (pl. 29, fig. 17) appears to compare most
closely to the Ornopsis (Pornosis) shape and pos-
sesses strong reflections of transverse costae on the
penultimate whorl, but on the body these costae are
lacking in the manner of O. (Pornosis) modica. In
addition, the mold also retains the impression of the
oblique columellar fold.

Type: Figured specimen USNM 130364.

Occurrence: Mississippi: Prairie Bluff Chalk at locs. 66,
71, 75, 84, 87, 88.

Genus LATIRUS Montfort, 1810

Type by original designation, Latirus aurantiacus
Montfort.

Diagnosis—Thick fusiform shells with a siphonal
welt terminating in a siphonal notch. Ornament con-
sisting of strong round-topped transverse ribs and
strong to subdued spiral sculpture. Aperture lenticu-
lar, siphonal canal short, terminating in a notch.
Columella with three strong medially placed plica-
tions.

Discussion—Latirus is typically a Tertiary genus.
Besides Latirus keownvillensis described below, La-
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FicURE 17.—Development of the species of the subgenus Ornopsis
(Pornosis).

tirus tribulus Olsson from the Maestrichtian of Peru
(Olsson, 1944, p. 100) is the only other species from
the Cretaceous of the Western Hemisphere that has
been assigned to Latirus.
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Latirus keownvillensis Sohl, n. sp.
Plates 30, figures 6, 7

Diagnosis—Shell rather small for genus and bear-
ing about eight broad strong transverse ribs per whorl
but lacking spiral ornament.

Description—Medium-sized fusiform thick shells.
Spire about half total shell height. Whorls subshoul-
dered. above by termination of the transverse ribs,
sides rounded and constricted below to a broad and
twisted pillar. Sculpture of strong round-topped
collabral transverse ribs that begin slightly below the
suture and die out a short distance above the siphonal
welt. Growth lines very faint and very gently proso-
cline between suture and siphonal welt, but strongly
sinused over welt. Aperture lenticular, siphonal canal
broad and short, terminating in a notch; outer lip
arcuate, thick inner lip moderately callused. Colu-
mella bear three strong plaits that are above an in-
cipient fourth spiral fold located immediately above
the siphonal canal.

Measurements—The holotype is missing the apical
tip but is 22 mm in height and 10 mm in diameter.

Discussion.—Only the holotype of the species from
the Prairie Bluff Chalk in the vicinity of Keownville,
Union County, Miss., is available for study. No other
species occur in the Mesozoic rocks of North America.
Compared with Latirus tribulus Olsson from the Cre-
taceous of the Paita region of Peru, this species is
smaller, is less obese, and has stronger transverse ribs.

Type: Holotype USNM 130365.

Occurrence. Mississippi: Prairie Bluff Chalk at USGS loc.
25507,

Subfamily FUSININAE

Boltenella, Hercorhyncus (Hercorhyncus), and
Hercorhyncus (Haplovoluta) appear to be related in
both shape, apertural features, and growth line. They
differ distinctly, in these and other features, from the
other genera here placed in the subfamily Fusininae
and may be worthy of setting up a separate supra-
generic category. In addition, Futhriofusus Coss-
mann may also belong with the above. Cossmann
(1925, p. 249) assigned Haplovoluta as a subgenus of
Euthriofusus, and later Wenz (1943, p. 1247) placed
Boltenella as a further subgenus. If these two genera
are to be subgenera they should become subgenera of
Hercorhyncus, which then would also include Euthrio-
fusus as a subgenus by priority. It is considered best
here to maintain all but Haplovoluta as separate
genera as they can be distinguished readily.

Genus HERCORHYNCUS Conrad, 1868
Type by monotypy, Fusus tippana Conrad, 1860.

CRETACEQUS GASTROPODS IN TENNESSEE AND MISSISSIPPI

Diagnosis—Fusiform shells with a spire a little less
than one-third total shell height. Whorls peripherally
swollen, constricted above a tuberculated shoulder
that is of variable strength, and rather strongly con-
stricted below sinus on base of body. Ornament con-
sists of coarse transverse ribs that are strongest at the
shoulder but that die out below on periphery and on
collar above; spiral ornament weak on collar, strong
below. Aperture posteriorly notched, anteriorly drawn
out to a narrow elongate siphonal canal; outer lip
crenulate; inner lip rather heavily callused with an
umbilical chink developing opposite the beginning of
the siphonal canal.

Discussion—Hercorhyncus has been considered by
Cossmann (1901, p. 73) as a synonym of Strepto-
siphon Gill and by Wenz (1943, p. 1306) as a subgenus
of Afer Conrad, but the growth line trend and aper-
tural features, plus the lack of columellar plications,
negates either placement.

Hercorhyncus, as used in this paper, may be sub-
divided into two sections treated as subgenera; both
are restricted to the Upper Cretaceous. The first,
Hercorhyncus (Hercorhyncus), differs from Herco-
rhynous (Haplovoluta) by its less well developed trans-
verse ornament and by its unornamented basal sulcus.

Hercorhyncus (Hercorhyncus) is restricted to the
latest Cretaceous beds in the gulf coastal region and
is probably represented in the Upper Cretaceous of the
Aachen area by Rapa monheimi Miiller (Holzapfel,
1888, p. 106 ; Cossmann, 1901, p. 73). Cossmann (1901,
p.- ™) also assigned several species from the Upper
Cretaceous of India to Hercorhyncus, but these do
not appear to belong in the genus.

The holotype of Hercorhyncus mundum Stephenson
(1941, p. 4101, USNM 77012), from the Neylandville
Marl of Texas, does not possess the basal sulcus typical
of the genus and appears to more properly belong in
Pyrifusus Conrad. On the other hand, the paratype
(USNM 177013) does possess a basal sulcus typical of
Hercorhyneus, but the small immature specimen ap-
pears to be specifically indeterminable.

Hercorhyncus (Hercorhyncus) tippanus Conrad
Plate 30, figures 8-10, 13-16

1860. Fusus tippana Conrad, Philadelphia Acad. Nat. Sci. Jour.,
2d ser., v. 4, p. 286, pl. 46, fig. 41 (F. tippanus on plate
description).

1869. Hercorhyncus tippanus Conrad, Am. Jour. Conckiology,
v. 4, p. 247.

1901. Streptosiphon (Hercorhyncus) tippanus (Conrad). Coss-
mann, Essais Paléoconchologie Comparée, v. 4, p. 73,
fig. 22.

1941. Hercorhyncus coronale Stephenson, Texas Univ. Bull.
4101, p. 323, pl. 61, figs. 12, 13.
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1941, Hercorhyncus vedosum Stephenson, Texas Univ. Bull
4101, p. 322, pl. 61, figs. 18, 19, 20.

1943. Afer (Hercorhyncus) tippanus (Conrad). Wenz, Hand-
buch der Paldozoologie; Gastropoda, v. 6, p. 13086, fig.
3723.

1945. Hercorhyncus gracilis Harbison, Philadelphia Acad. Nat.
Sci. Proc., v. 97, p. 83, pl. 6, figs. 37, 38.

Diagnosis—A robust proportionally broad Herco-
rhyncus with generally 12 or 13 nodes at the shoulder.

Description—Fusiform shells with a spire about
one-third total shell height; pleural angle varies with
size from 65° in normal-sized forms to 80° on larger
individuals. Protoconch of about three smooth round-
sided whorls; junction with conch abrupt and accom-
panied by the addition of moderately wide spaced
transverse ribs that are direct and continuous suture
to suture. Whorls posteriorly constricted to a rather
strong and broad subsutural collar that is bordered
below by an excavated to sloping ramp that termi-
nates in a nodose shoulder; body flat and sloping
somewhat adaxially below shoulder to a strong pro-
portionally broad sulcus below which the body is
strongly constricted to the elongate slender pillar.
Early transverse sculpture consists of wide-spaced
direct continuous ribs that increase in strength; after
almost two turns the ribs become accentuated to nodes
at shoulder and pull away from the suture becoming
discontinuous; as the subsutural collar develops, these
nodes form the shoulder. There are 12-13 transverse
ribs on the body and these frequently bear spines at
the shoulder, but ribs are absent on the collar and
generally die out downward on the flat whorl sides
above the sulcus. Spiral sculpture appears after the
first appearance of transverse ribs; on the early whorls
it consists of broad flat-topped close-spaced ribbons
that cover the surface and override the ribs; on later
whorls, spiral elements above the shoulder are re-
stricted to faint wider spaced cords. The body whorl
below the shoulder is covered by strong spiral cords.
Aperture posteriorly notched and anteriorly drawn out
to a moderately elongate narrow siphonal canal that
is inclined to the left. Outer lip thin at edge, angu-
lated at shoulder, crenulate where intersected by cords.
Growth line trend strongly prosocline on collar, swing-
ing back to gently opisthocline on the shoulder and
whorl sides, developing a sharp adaperturally directed
sinus over the basal sulcus and becoming almost ortho-
cline over the basal slope; inner lip heavily callused;
callus strongly margined over parietal lip but losing
contact with columellar lip at entrance to siphonal
canal, thus developing an umbilical chink and channel
bordering the canal.

690-081 O - 64 - 4
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Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. l H Estimated MD
H
16 . 389 | o 21.
1§ (hypotype) 30 50 2%.
BT 36.0 44 3.
17 28.6 | oo 14.
ANSP 13828 (HolotyDe) -oo oo 26.8 33 16.
Discussion—Conrad (1860, p. 286) cited Tippah
County, Miss., as the type locality of this species.

The type specimen is preserved in the collections of
the Academy of Natural Sciences of Philadelphia
(ANSP 13828); a second specimen accompanies the
holotype in the same tray. Both specimens are some-
what incomplete, but a comparison of the type speci-
mens with specimens of Hercorhyncus from the Ripley
Formation of Mississippt shows them all to be con-
specific.

At any given locality where specimens are abundant,
the species show considerable variability in some fea-
tures of ornament. Spiral ornament above the collar
ranges from almost total absence to numerous fine
lirae or to a few wide-spaced moderately coarse cords.
On the whorl sides, four to six spiral cords develop
between the basal sulcus and the strong spiral cord
at the shoulder. Ribs vary from strong nodes that are
restricted to the shoulder to ribs continuing almost
to the basal sulcus. The shoulder nodes may be sharp
and crowned by spines that are formed by the accen-
tuation of growth lamellae or that are merely raised
but blunted nodes.

Harbison (1945, p. 83) described Hercorhyncus gra-
cilis from the Ripley Formation at locality 18. Com-
parison of more than 100 topotypes of H. gracilis
shows this species to be conspecific with Conrad’s H.
(H.) tippanus. Stephenson (1941, p. 321), in discuss-
ing H. malleiforme from the Kemp Clay, stated that
the type species of Hercorhyncus comes from the Owl
Creek Formation on Owl Creek, Tippah County,
Miss., but, as stated before, a comparison of the type
specimens shows them to be a Ripley species and not
from the Owl Creek locality. The holotype of Z.
(H.) wadosum Stephenson, from the Nacatoch Sand
of Texas, compares well with the larger specimens of
H. (H.) tippanus from Mississippi. Hercorhyncus
coronale, also from the Nacatoch Sand of Texas, is
likewise a synonym of H. (H.) tippanus Conrad, be-
ing merely an immature individual.

Hercorkyncus (Hercorhyncus) pagodiformis Sohl,
from the Owl Creek Formation, differs by having
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fewer ribs per whorl and by being proportionally
slimmer and higher spired.

Types: Holotype (H. tippanus) ANSP 13828; hypotype
(holotype H. coronale) USNM 17368; hypotype (holotype H.
vadosum) USNM 77009; hypotype (paratype H. vadosum)
USNM 77010; hypotypes USNM 130369-130372.

Occurrence: Mississippi: Ripley Formation at locs. 5, 6,
12, 1419, 24, 39. Texas: Nacatoch Sand. Georgia and Ala-
hama: Ripley Formation.

Hercorhyncus (Hercorhyncus) pagodiformis Sohl, n. sp.
Plate 30, figures 1-5

Diagnosis—A Hercorhyncus with a slim outline,
proportionally high spire, and a shoulder bearing 8-
10 nodes per whorl.

Description—Medium-sized high-spired shells; spire
somewhat more than one-third total shell height;
pleural angle 50°-65°. Whorls strongly constricted
posteriorly to a moderately broad strong subsutural
collar; shoulder strong, formed by the truncate upper
ends of the transverse ribs; whorls below shoulder
flat sided, sloping rather steeply adaxially to a welt-
like fasciolar band; below this band the body is
strongly constricted to the anterior pillar. Trans-
verse sculpture consists of strong broad wide-spaced
ribs forming nodes at the shoulder and dying out
shortly below on the whorl sides; 8-10 nodes on the
body whorl. Spiral sculpture of strong cords over
the periphery and base but diminished in vigor above
the shoulder on later whorls.- Growth lines prosocline
over collar, swinging to opisthocline over shoulder and
flat whorl sides, but adaperturally flexed over the welt-
like band at the base of the body. Aperture incom-
pletely known; notched posteriorly in harmony with
the subsutural collar and anteriorly drawn out to an
elongate siphonal canal that is inclined to the left.
Outer lip angulated at the shoulder and crenulate
where intersected by the spiral cords. Inmner lip cal-
lused moderately, with an umbilical chink developed
opposite the beginning of the siphonal canal.

Measurements—All available specimens are incom-
plete. The holotype, which is missing its anterior ex-
tremity, measures 30.5 mm in height and 17.1 mm in
diameter.

Discussion.—This species differs from Hercorhyncus
(Hercorhyncus) tippanus Conrad from the Ripley
Formation and H. (Hercorhyncus) malleiforme
Stephenson, from the Kemp Clay of Texas, by having
a slimmer outline, proportionally higher spire, lower
pleural angle, and fewer wider spaced and less con-
tinuous transverse ribs.

The species is restricted to the Owl Creek Forma-
tion.
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Types: Holotype USNM 130373; paratypes USNM 130374,

130375.

Occurrence : Mississippi: Owl Creek Formation at locs. 45-
47. Tennessee: Clayton Formation (reworked Cretaceous at
base) at loc. 40.

Hercorhyncus (Hercorhyncus) tennesseensis (Wade)
Plate 30, figures 11, 12
1926. Serrifusus tennesseensis Wade, U.S. Geol. Survey Prof.
Paper 137, p. 143, pl. 50, figs. 3, 4.
1941. Hercorhyncus tennesseensis (Wade), Stephenson, Texas
Univ. Bull. 4101, p. 321.

Discussion—Only two specimens are available for
study. Considering the range of variability of H.
(Hercorhyncus) tippanus Conrad and the similarity
of this species to it, actual separation into two spe-
cies is open to doubt. However, both the holotype
(Wade, 1926, pl. 50, figs. 3, 4) and the hypotype fig-
ured herein, possess a less strongly constricted collar
and a more sloping less excavated area between collar
and shoulder than is typical of H. (Hercorhyncus)
tippanus. TFor this reason separate names are main-
tained with the realization that when more specimens
from the type locality on Coon Creek, Tenn., become
available they may prove to be conspecific.

Type : Holotype USNM 32908.
Occurrence: Tennessee: Ripley Formation at loe. 1.

Subgenus HAPLOVOLUTA Wade, 1918

1917. Scobinae Wade, (not Lepeletier, 1825) Philadelphia Acad.
Nat. Sci. Proc., v. 69, p. 287.

1918. Haplovoluta Wade, Am. Jour. Sci., 4th ser., v. 45, p. 334.

1920. Brucia Cossmann, Rev. Critique Paléozoologie et Paléo-
phytologie, v. 21, p. 137.

1925. Parafusus Cossmann. (not Wade, 1918) Essais Paléo-
conchologie Comparée, v. 13, p. 249.

Type by original designation, Haplovoluta bicari-
nate Wade.

Diagnosis—Fusiform shells possessing shouldered
peripherally swollen whorls and a proportionally low
spire. Sculpture dominated by nodose peripheral cari-
nations. Aperture broadly subovate, notched poste-
riorly; siphonal canal, elongate, narrow, and inclined
to left. Umbilical chink moderately broad.

Discussion—Wenz (1943, p. 1247) placed Haplovo-
luta as a subgenus under Ewuthriofusus but that genus
lacks peripheral carinations. As discussed before, this
subgenus appears to belong closer to Hercorhyncus
from which it differs primarily in its more continuous
transverse ornament and subdued shoulder nodes.

The subgenus ranges through the upper part of the
Exogyra ponderosa zone and through the . costata

zone.
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Hercorhyncus (Haplovoluta) bicarinatus (Wade)
Plate 30, figures 21, 25, 26

Scobina bicarinata Wade, Philadelphia Acad. Nat. Sci.
Proc., v. 69, p. 287, pl. 18, figs. 1, 2.

Haplovoluta bicarinata Wade, Am, Jour. Sci., 4th ser.,
v. 45, p. 334.

Brucia bicarinata (Wade) Cossmann, Rev. Critique Pa-
léozoologie et Paléophytologie, v. 21, p. 137.

Parafusus bicarinata Wade. Cossmann, Hssais Paléo-
conchologie Comparée, v. 13, p. 249, pl. 10, figs. 35, 36.

Haplovoluta bicarinata Wade, U.S. Geol. Survey Prof.
Paper 137, p. 138, pl. 47, figs. 3, 7.

Euthriofusus (Haplovoluta) bicarinata (Wade). Wenz,
Handbuch der Paldozoologie; Gastropoda,’v. 6, p. 1247,
fig. 3555.

1917.
1918.
1920.

1925.
1926.

1943.

Diagnosis—A Haplovoluta having two strong spiral
cords that form a bicarinate periphery.

Measurements—All specimens, except the second
one listed, are missing a part of the anterior exten-
sion, plus the extreme apical tip. Explanation of
measurements and symbols used in the following table
appears in the section “Measurements of specimens”
(p. 172).

MD

BEBE&
O O0 e

wWN
RO T

Discussion—Hercorhyncus (Haplovoluta) bicari-
natus is moderately common at its type locality on
Coon Creek, McNairy County, Tenn. Variation is
minor and generally affects a character only in de-
gree of its development, not in its presence or ab-
sence. Omne specimen in the U.S. Geological Survey
collections (USGS 17254), from the Coffee Sand of
Mississippi, appears to belong to this species but is
somewhat lower spired than average and has four
strong spiral cords on the basal slope instead of three,
as 1s normal. Additional specimens from this locality
must be collected in order to determine if such differ-
ences are constant and worthy of setting aside this
form as a new species. Hercorhyncus (Haplovoluta)
triliratus from a higher level in the Ripley Forma-
tion in Mississippi is another closely related species
and probably a direct descendant, but which differs by,
among other features, having three primary spiral
cords on the periphery.

Types: Holotype USNM 32899; hypotypes USNM 130376—
130378.
Occurrence: Tennessee: Ripley Formation at loc. 1. Mis-

sissippi: Coffee Sand (questionable).
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Hercorhyncus (Haplovoluta) triliratus Sohl. n. sp.
Plate 30, figures 17-20, 23, 24

Diagnosis—Haplovolutids with three primary spiral
cords upon the whorl periphery.

Description—Medium-sized fusiform shells having
a spire a little less than one-third total shell height;
pleural angle 80°-90°. Protoconch incompletely
known, smooth surfaced and round sided; junction
with teleconch abrupt, accompanied by the addition
of strong continuous transverse ribs that, on subse-
quent whorls, pull away from the suture, become
nodosely terminated above, and form the shoulder.
Whorls expanded medially and Dbicarinate; upper
whorl area constricted to a poorly defined subsutural
collar, below which the whorl is concavely excavated
to the shoulder. Below the lower carination the body
restricts rapidly to the tapering pillar. Sculpture
ornate; transverse collabral ribs arise on the body just
above the shoulder and are either noded or incre-
mentally spinose at the shoulder and are noded
again where they cross the medial cord on the whorl
side and on the lower carination; rib strength dimin-
ishes over basal slope; ribs number 19-21 per whorl.
Spiral elements dominated by the three strong cords
on the whorl periphery, the upper and lower of which
carinate the whorl; no spiral cords are present above
the shoulder, but two or three are present on the basal
slope and several more on the pillar. Growth lines
have a prosocline trend above the shoulder, may be
sinused to a spinose incremental projection at the
shoulder, then trend opisthoclinely to the lower cari-
nation where they swing back to prosocline over the
basal slope. Aperture broadly ovate; notched pos-
teriorly and anteriorly drawn out to a narrow canal
of moderate length; outer lip angulated at shoulder
and notched in harmony with shoulder spines and
crenulate where intersected by the spinal cords.

Inner lip with callus adnate above, but loosening
opposite entrance to siphonal canal leaving an um-
bilical chink of variable width. Columella smooth.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD
5 (MOlOE YD) - - e e oo e e 30. 7+ 20.0
18 (PAratyPe) o oo e 27.0 16.8
DO e 33.34+ 2.7

Discussion.—Hercorhyncus (Haplovoluta) triliratus
Sohl represents a species close to and probably di-
rectly derived from H. (aplovoluta) bicarinata
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(Wade) from the Ewogyra cancellata zone of the
Ripley Formation in Tennessee. It differs from that
species by having three primary cords on the whorl
sides, a higher spire, less inflated whorls, less promi-
nent cords on the basal slope, and growth lines that
are less prosocline in the intercarina area.

The species is especially abundant at locality 18, at
a position in the Ripley Formation somewhat lower
than that from which the holotype came. Here the
intraspecific variability of the species is well dis-
played. The umbilical chink on one specimen (pl.
30, fig. 23) is strong, open, and broad, whereas on
another specimen from the same locality, (pl. 30, fig.
18) the chink is limited to the anterior tip. The
sharpness of the shoulder and the excavated area
above are likewise variable, from a gently sloping con-
cave subsutural area (pl. 30, fig. 24) to a strongly
excavated surface. The spiral cords of the basal slope
number two or three, with the upper one, the variable
cord, being equal in strength (pl. 30, fig. 17), weak
(pl. 30, fig. 19), or absent (pl. 30, fig. 20). Though
generally quite strong, a few specimens show the cord
between the two carinations of the periphery to be
suppressed.

This species ranges through the Ripley Formation
from the top of the Zwogyra cancellata zone to near
the base of the Ow! Creek Formation, but has not
been found in the Chiwapa Sandstone Member of the
Ripley Formation at the very top. Hercorhyncus
(Haplovoluta) quadriliratus occurs in the overlying
Owl Creek Formation. Although it is virtually in-
distinguishable in its early stages from H. triliratus,
at maturity it possesses four spiral cords on the whorl
sides, several cords above the shoulder, and a differ-
ent arrangement of spirals on the basal slope.

Types: Holotype USNM 130379; paratypes USNM 130380—
130383.

Occurrence: Mississippi: Ripley Formation at locs. 5, 13,
16-18. Alabama and Georgia (Chattahoochee River region) :
Ripley Formation.

Hercorhyncus (Haplovoluta) quadriliratus Sohi, n. sp.
Plate 30, figure 22

Diagnosis—A  haplovolutid bearing two strong
corfis Plus secondary spiral lirae between the whorl
carinations.

Description—Medium-sized fusiform shells with a
spire about one-third total shell height. Pleural
angle 60°-70°. Whorls peripherally bicarinate, con-
stricted posteriorly to a strong to moderate collar,
anteriorly constricted below the lower carination.
Transverse sculpture of collabral ribs that are strong-
est at their upper ends and die out above the noded
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shoulder and on the basal slope; ribs number about
20 per whorl. Spiral ornament absent or very faint
above shoulder on early whorls, but several low broad
cords may be present on later stages; a strong cord
forms the shoulder carination and is followed below
on the periphery by two cords equal to or weaker than
the shoulder cord; these are followed by a very strong
broad basal carinating cord; on the basal slope there
are generally three cords, the medial one being the
strongest and finally several more occur on the pillar.
Aperture incompletely known, medially inflated,
notched posteriorly, and anteriorly drawn out to an
elongate siphonal canal. Inner lip callused, columella
smooth.

Measurements—All specimens are incomplete. Ex-
planation of measurements and symbols used in the
following table appears in the section “Measurements
of specimens” (p. 172).

MD

21.9

46 (holotype) .. oo 1601

46 (PATALYDE) oo oo e e

36. 24
36.3

Discussion~—In its early growth stages Hercorhyn-
cus (Haplovoluta) quadriliratus is scarcely distin-
guishable from H. (Haplovoluta) triliratus, but with
increased size the specimens take on distinctive fea-
tures. Spiral ornament is added to the area imme-
diately above the shoulder, the excavated subsutural
band and collar become more pronounced than on the
Ripley species and four instead of three spiral cords
are present on the inflated part of the whorl. Even at
an early stage secondary spirals are present between
the carinations, a condition present in H. (Haplo-
voluta) bicarinatus but not to be seen in H. (Hap-
lovoluta) triliratus.

Hercorhyncus (Haplovolute) quadriliratus is the
end product of the line of descent beginning with the
bicarinate form in the upper part of the Ewogyra
ponderosa through E. cancellata zones, and which was
followed by the trilirate species of the Ripley. H.
(Haplovoluta) quadriliratus is restricted as far as
known to the Owl Creek Formation of Mississippi.

Types: Holotype USNM 130384; paratype USNM 130385.

Occurrence: Mississippi: Owl Creek Formation at locs. 44,
46.

Genus BOLTENELLA Wade, 1917

Type by original designation, Boltenella excellens
Wade.

Diagnosis—Fusiform medium-sized shells having a
spire of less than one-third total shell length. Whorls
posteriorly constricted to a subsutural collar, shoul-
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der strong and noded by transverse ribs that die out
on lower part of periphery. Spiral lirae cover shell
surface. Aperture posteriorly notched, anterior canal
elongate; outer lip angulated at shoulder; inner lip
with callus well defined but tapering on columellar
lip.

Discussion.—DBoltenella Wade is a monotypic genus
placed by Cossmann (1925, p. 247) and Wenz (1943,
p. 1246) as a subgenus of Futhriofusus Cossmann.
That genus, however, has a higher spire, a propor-
tionally longer siphonal canal, and lacks the strongly
constricted subsutural collar of Boltenella. Accord-
ingly Boltenella is given full generic rank.

Boltenella excellens Wade
Plate 31, figures 31, 32

1917. Boltenella excellens Wade, Philadelphia Acad. Nat. Sci.
Proc., v. 69, p. 286, pl. 18, figs. 3, 4.

1925. Euthriofusus (Boltenella) excellens (Wade). Cossmann,
Essais Paléoconchologie Comparée, v. 13, p. 247, pl. 10,
fig. 32.

1926. Boltenella excellens Wade, U.S. Geol. Survey Prof. Paper
137, p. 137, pl. 47, figs. 5, 6.

1948. Euthriofusus (Boltenella) excellens (Wade). Wenz,
Handbuch der Paléozoologie; Gastropoda, v. 6, p. 1247,
fig. 3554.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD
1 (holotype) 35.2 18.1
1 (hypotype) 28.34 15.7
1 (topotype) 21.5 11.8

Discussion.—Boltenella excellens Wade is rare and
restricted to its type locality on Coon Creek, McNairy
County, Tenn. The hypotype figured on plate 31, fig-
ure 31, is a smaller individual than the holotype and
lacks the full extension of the siphonal canal. The
subsutural collar is just beginning to become well
developed on this specimen.

Types: Holotype USNM 32900; hypotype USNM 130386.
Occurrence: Tennessee: Ripley Formation at loc. 1.

Genus EUTHRIOFUSUS Cossmann, 1901

Type of original designation, Fusus burdigalensis
Basterot, 1825,

Diagnosis—Fusiform shells possess a globular pro-
toconch and a spire shorter than the aperture. Whorls
somewhat constricted posteriorly, periphery inflated,
and subshouldered. Aperture posteriorly angulated,

siphonal canal long and straight. Sculpture domi-
nantly spiral.
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Discussion.—As originally diagnosed by Cossmann
Euthriofusus included not only the type species from
the Miocene but several Focene species as well. In
1925 he also cited Fulsifusus mesozoicus Wade from
the Ripley Formation of Tennessee as belonging to
Euthriofusus. Euthriofusus appears to be related in
growth line character and form to Hercorhyncus Con-
rad and Boltenells Wade. The two Ripley species
included here are done so with reservation as their
nuclear characters are unknown.

Euthriofusus? mesozoicus (Wade)
Plate 31, figures 27, 28
1917. Falsifusus mesozoicus Wade, Philadelphia Acad. Nat. Sci.
Proc., v. 69, p. 284, pl. 17, figs. 11, 12.
1925. Buthriofusus mesozoicus (Wade). Cossmann, Hssais
Paléoconchologie Comparée, v. 13, p. 246, pl. 8, fig. 3.
1926. Falsifusus mesozoicus Wade, U.S. Geol. Survey Prof.
Paper 137, p. 128, pl. 45, figs. 5, 6.

Diagnosis—Moderately small slender fusiform
shells with a long straight siphonal canal; surface
covered by spiral lirae; strong transverse ribs occur
on the periphery and are sharply noded at the shoul-
der.

Discussion—This species is based upon a single
specimen, the holotype, from the Ripley Formation
on Coon Creek, McNairy County, Tenn. The shell is
well preserved except for the protoconch and possesses
an inflated body whorl and a straight, long, siphonal
canal like that of Euthriofusus burdigalensis, the type
species. Falsifusus convewus Wade, with which it oc-
curs, has a lesser shoulder and more continuous trans-
verse ribs.

Type: Holotype USNM 32886.
Occurrence: Tennessee: Ripley Formation at loc. 1.

Euthriofusus? convexus (Wade)
Plate 31, figures 33-36
1926. Falsifusus converus Wade, U.S. Geol. Survey Prof. Pa-
per 137, p. 129, pl. 45, figs. 11, 12.

Diagnosis—Medium-sized fusiform shells have a
poorly developed shoulder, 10 or 12 low transverse
ribs restricted to periphery, and a surface covered by
spiral lirae.

Discussion.—All the available specimens come from
the Ripley Formation at the type locality on Coon
Creek, McNairy County, Tenn. They all lack the
siphonal canal and protoconch, which makes assign-
ment to Euthriofusus tenuous, but they do possess a
body whorl shape and a growth line trace very typical
of the genus. Variation in the strength and continuity
of the transverse ribs is considerable, ranging from
specimens like the holotype that possess ribs continu-
ous across the periphery (Wade 1926, pl. 45, fig. 11),
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to specimens (pl. 31, fig. 33) whose ribs are narrower
and restricted to the upper peripheral surface.
Euthriofusus? mesozoicus differs by having growth
lines that lack the strong flexure present on the basal
slope of £.? converus and by having finer spiral lirae, a
more pronounced shoulder, and sharply noded ribs.

Types: Holotype USNM 82889; hypotypes USNM 130387,

130388.
Occurrence: Tennessee: Ripley Formation at loc. 1.

Genus REMERA Stephenson, 1941

Type by original designation, Remera microstriata
Stephenson.

Diagnosis—Medium-sized fusiform shells with the
spire more than half total shell height. Whorls flat
sided, ornamented by strong collabral transverse ribs
and subdued overriding spiral ribbons. Aperture
lenticular, angulated posteriorly; siphonal canal mod-
erately long and straight; columella smooth.

Discussion.—The shells of Remera are rather well
represented by a number of species in the Upper Cre-
taceous rocks of the Fwzogyra ponderosa and Exogyra
cancellata zones of the Gulf and Atlantic Coastal
Plains. Two other genera, Graphidula and Beretra,
occur with it and possess shells akin in shape and
ornament to Remera. Graphidula differs by the pos-
session of columellar plications. Beretra has a noded
subsutural collar and a typical turrid sinused growth
line.

Specific differentiation within the genus is based, for
the most part, on relatively minor differences in con-
vexity of the whorl sides and sinuosity of the trans-
verse ribs. Some forms such as Remera decora Steph-
enson and Remera microstriata Stephenson are based
upon so little material that comparison is difficult and
may, in the future, when the limits of their variation
1s known, prove to be synonyms of other species.

Gardner (1916, p. 438, 461) described two species
from the Monmouth Formation at Brightseat, Md.,
Fasciolaria? juncea and Ewxilia cretacea. Both species
belong to Remera and are synonyms. As first reviser
I select Remera juncea as valid by the criteria of
pagination.

Remera stephensoni Harbison
Plate 31, figures 17-19, 22, 23

1926. Anchura? pergracilis Johnson. Wade, U.S. Geol. Survey
Prof. Paper 137, p. 151, pl. 53, figs. 1, 2.

1945. Remera stephensoni Harbison, Philadelphia Acad. Nat.
Sci. Proc., v. 47, p. 85, pl. 5, figs. 35, 36.

'Déagnos&s.—A Remera with tranverse ribs rather
wide spaced and straight for genus.

CRETACEOUS GASTROPODS IN TENNESSEE AND

MISSISSIPPI

Description—Medium-sized, fusiform shells; spire
high and evenly tapering, about three-fifths total shell
height, pleural angle about 20°. Protoconch trochoid,
composed of about three smooth round-sided whorls;
junction with conch gradual as whorl sides become
flattened ; develops discontinuous highly inclined ribs
that are followed by the formation of normal ribs;
spiral ornament appears when the normal ribs develop.
Whorls flat sided, rounding down below periphery to a
moderately long siphonal canal. Strong collabral trans-
verse ribs number 14-16 per whorl and die out on the
basal slope. Spiral sculpture of low spiral ribbons that
are much broader than their interspaces cover the
whorl sides but become narrower over the basal slope
and change to cords on the pillar. Growth lines are
arcuately opisthocline over the whorl sides and swing
back to prosocline low on the basal slope. Aperture
lenticular, posteriorly angulated, siphonal canal
straight and of moderate length. Outer lip incom-
pletely known, apparently broadly sinused above, in-
ner lip lightly callused with callus of upper columellar
lip extending out of aperture and onto whor! surface
a short way; columella smooth.

Measurements—Explanation of measurements and
symbols used in the following table appears in the
section “Measurements of specimens” (p. 172).

Loc. H MD H:'D

18 glolotype)) ................................. %Z. 8+ g- g ......... 36
18 (F0POLYPe) - - - o oo .5 3 3

Do._._ - 21.4 5.8 3.7

DO o il i 1 ?20 Zi gg
TOPOtYPe. - - - o eame .9 3 .
1_.13, -?7? _______________ 23.0 6.2 3.7
i e e
1 otype) - X - 20 [
1_4_3?“?3___ 24.8 7.1 3.5
16. .. 25.3 6.7 3.9
R. microstriatea (USNM 77082) . . oo coaoeooe 128.0 6.4 4.3

1 Estimated.

Discussion.—Remera stephensoni Harbison is a mod-
erately common species in the Ripley Formation of
both Mississippi and Tennessee. Wade originally re-
ferred the Tennessee specimens to Anchura? pergra-
cilis Johnson (1898, p. 463). Johnson’s species is
from the Woodbury Clay of New Jersey, which,
according to Stephenson (1941, p. 345), is in the
lower part of the Ewogyra ponderosa zone. Although
I have not examined Johnson’s type specimens, his
illustrations of the holotype indicate a species much
like R. stephensoni, but which differs in having more
convex whorl sides and less opisthocline ribs that
carry down farther on the whorl. Richards and Ram-
dell (1962, p. 34) perpetuated the erroneous assignment
of Johnson’s species to Anchura. I am unable to
differentiate the T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>