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FRONT COVER: Eacrassatella virginica (Gmelin, 1791), Figure 229 of Lister,1685-92. This figure was named Vezts
virginica by Gmelin (1791). It illus6ates the common Yorktown species later named Crassatella undalataby Thomas Say
I824,a named preoccupied by Crassatella mdulata Lamarck, 1804. Eucrassatellavirginica (Gmelin, 1791) appears to be
the first invertebra0e fossil species described from North America. Lister figured two other Yorktown species from
colonial Virginia: Mercenaria corugata (Lamark, 1818) is Lister's plate499,1688; and Chesapecten jffirsonius (Say,
1824) is Lister's plate 167, 1687.
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PLIOCENE MOLLUSCS FROM THE YORKTOWN AND CHOWAN RTVER FORMATIONS
IN VIRGINIA

Lyle D. Campbell
University of South Carolina at Spartanburg

Spartanburg, South Carolina, 29343

ABSTRACT

Pliocene aged (4.5 to 2.5 million yearbp) fossiliferous
deposits underlie much of the Virginian Coastal Plain, and

arefrequently exposed in stream andriverbanks andin sand

and gravel pits. Mollusk-dominated biotas characterize the

three fiaditional biosratigraphic units presenc lower, or
Zonel York0own (105 molluscan species); upper, otZone
2 Yorktown (507 molluscan species); and the Chowan River
(108 molluscan species). Adjusting for overlap, a total of
572 molluscan species and subspecies are monographed,
including 70 species and subspecies described as new. New
supraspecific taxa proposed include a new genus,
Juliamitrella (Columbellidae), and a new subgenus,
O do stomia (C hesapeakellc) (Pyramidellidae).

Systematic analysis of the Virginian Yorktown and
Chowan River faunas has been hampered by a general lack
of available literature, most of the significant literature being
from the ninteenth century, and by the formidable number of
species. Including valid names of documented [axa, their
synonyms and misspellings, dubious records, and inadmis-
sible names, over 2000 species level names can be found in
the literature of the Virginia Pliocene.

Tnnel faunules are often poorly preserved. The species
are generally indicative of cold-temperate conditions . Znne
2 biotopes include brackish, sound, estuary, shallow sublit-
toral, open shelf, shell reef, shoal, and back-shoal habitats.
Tnne 2 deposits represent several transgressive-regressive
sequences whose detailed stratigraphies are still being re-
solved. Taken collectively, the Zone 2 faunas reflect warm-
temperaie conditions not presently found in the western
Atlantic. Preservation of 7-one 2 faunas is good !o excep-
tional. Chowan River faunules indicate shallow sublittoral,
fresh water, and estuarine habitats, and the fossils commonly
show physical and chemical deterioration.

A knowledge of the Yorktown and Chowan River
species is essential for evolutioinary and systematic studies
of the Recent Western Atlantic fauna due to the considerable
number of lineages that continue into the Recent, and
because the holotypes of a surprising number of common
Recent species were originally described from fte Yorktown
Formation.

FORWARD

This is the first thorough documentation of the mollus-
can fauna from the Yorktown and Chowan River formations
in Virginia. Emphasis on illustration and brief descriptive
text is designed to meet the needs of both che non-specialist
and the professional. The work is modeled after the late
Myra Keen's 1971 "Seashells of Tropical West America,

(second edition)". An effort has been made to discuss all
known species. It is hoped that the availability of a compre-
hensive guide will serve to standardize nomenclature and

improve communication among sratigraphers, colleclors,
anA systematists. It is also hoped that by documenting the

full diversity of these exceptional beds, this guide will enable

other workers to produce more accurate and thorough faunal

surveys. Still, every field season brings new discoveries.
Much work remains to be done, and to that ongoing effott I
commit the present study.

INTRODUCTION

This work is an effort to correctly identify, accurately
name, concisely describe, and adequately illustrate the 572
molluscan species and subspecies known from thePliocene
of Virginia. A minimum of technical terms are used, and
most generic descriptions are taken with permission from
Keen (1971), and Abbott (1974).

The need for this monograph can be illustratedby abrief
review of the more pertinent literature. Although Yorktown
fossils were known to the earliest English settlers @ay,
1983), the first work to illusFate a specimen was by Lister
(1687 and later editions). No further taxonomic work
appeareduntil thatofl-amarck, 1818, and of Say, 1824, who
described the Virginian portion of the JohnFinch collection
which had been erroneously cited as being from Maryland
(Blackwelder and Ward, 1976). Conrad (1832) and Isaac

Lea (1833) also described Finch material, and William and

Henry Rogerspublished shortworks on theYorktown fauna
in 1835 and 1837. Timothy Abbott Conrad was the most
prolific writer 0o study the fauna. His Yorktown works span

the interval of 1832 to 1877.
H.C. Lea published a single work on the Petersburg,

Virginia, faunules, but published ttrat work four different
times-as an abstract only (1843a), as a pamphlet with brief
descriptions (1843b), as a preprint with illustrations and

more complete descriptions (1845), and the same but with
different pagination in the "Transactions of the American
Philosophical Society" (1846). The reasons are now ob-
scure, but the Leas probably were trying to insure priority
over Conrad with whom they were feuding (Dall' 1893)'
Lea's Petersburg neadse listed or described about 180

species, which makes it the single most comprehensive
puUnsneA work to date dealing exclusively with Virginian
Yorktown molluscs. H.C. Lea (1849) uncritically listed all
Tertiary species proposed for the southeastern states, the first
of several listings by various authors.

Possibly the most extensive mid-ninteenth century ef-

fort at systematizing all known fossil molluscs was

d' Orbigny's ( 1 850- I S52) "Prodrome de Paleontologie". In
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attempting to rectify the world literature, d'Orbignycreated
many new names for primary and secondary homonyms.
Dall (1890-1903) cited approximately half of d'Orbigny's
replacement names for North American species, and appar-
ently all subsequent American Neogene works have refer-
encedDallratherthanexaminedd'Orbigny'soriginal. Many
of d'Orbigny's replacement names arejunior synonyms and
therefore superfluous, but some are valid, and a number of
previously overlooked names are here introduced into the
American literature. Conrad's (1862) "Catalogof Miocene
Fossils" included so few of the d'Orbigny names that it
seems likely he learned of them through correspondence
without seeing the work.

Meek's ( I 864) "Catalog of Miocene Invertebrates of the
United States" was built on notes prepared by Conrad and
included species from eastern and western North America.
The influence of Conrad is obvious. Meek's list was the most
thorough and scholarly North American check list to that
date. Nevertheless, Meek's listinroduced avariety of errors
of locality, generic assignments, andvarientspellings, some
of which were probably typographical errors. Heilprin's
(1884) synopsis of the Mio-Pliocene faunasofeastern North
America was thorough, critical, and essentially North America
was thorough, critical, and essentially accurate, but pri-
vately printed with a [mited disribution, and has conse-
quently been overlooked. Heilprin avoided many of the
errors in the literature by basing his work on a re-analysis of
the stratigraphic and type collections at the Academy of
Natural Sciences in Philadelphia. Oao Meyer (1888) de-
scribed a few new species from the bluffs at Yorktown,
correctly noting that mostof H.C. Lea's Petersburg, Virginia
species could also be found there. Dall (1890-1903) in his
monumental "Confibutions to the Tertiary Faunas of Florida,
with Especial Reference to the Miocene Silex-beds of
Tampa and the Pliocene beds of the Caloosahatchee River" ,
described or documented many Virginia Yorktown species.
Dall's gastropod volumes (1890, 1893) stayed fairly close to
the stated purpose of the title, but the subsequent volumes on
bivalves ranged farther afield. Dall's mastery of the Ameri-
can Neogene faunas grew throughout the thirteen years of
publication, producing a work of mixed quality. Dall's
earliest published experience with Yorktown fossils is the
list of species identified in perhaps 1886 or 1887, but
published in Shaler (1 890). Dall continues to be recognized
as one of the two or three most eminent systematists and
authorities on marine mollusks North America has ever
produced, yet in the Shaler lists he missidentified 14 of the
26 species listed. Many of the errors were corrected without
citation in Dall (1890-1903), but rhe list should srand as a
warning to all who deal casually with the Yorktown faunas.

In l9M, the lvlaryland Geological Survey published its
landmark "Miocene" volume, simultaneously the best single
work ever published on the rich lvlaryland faunas and the
most disastrous work for Yorktown studies. The problem
lies not in the work irself, but in the extensive misapplication
of Maryland Miocene names of Pliocene Virginian species.
Faced with the bewildering anay of Yorktown species and
a dispersed literature, many student, stratigraphic, andpale-
ontologic studies have succumbed to the "closest Maryland
"Miocene" illustration" method of species identification.
The work illustrates a few Yorktown specimens, substituting

complete Virginia shells for fragmenal IVlaryland material,
but only about one in five species is shared betrveen the
Miocene Maryland and Pliocene Virginia faunas. Still, the
largest single block of errors recorded in Appendix II,
"Dubious and Rejected Species," are misidentifications
based on the Miocene plates. A largely overlooked fact
conceming the Maryland Miocene volumes is that the
molluscan systematics sections were taken almost directly
from doc0oral dissertations by Martin or Glenn, and contain
a number of errors typical of such works.

Clark and Miller (1906, 1912) formally defined the
Yorktown Formation, and provided a faunal list of both
Yorktown and pre-Yorktown species. Although helpful if
used carefully, many species are incorrectly identified, and
there is much scrambling of Yorktown and pre-Yorktown
localities. For example, they followed Dall (1902t)n rather
than Meyer ( 1888) in placing the Petersburg localities in the
Calvert middle Miocene, rather than in the Yorktown For-
mation.

Axel Olsson intended to monograph the Yorktown
fauna (Moore, 1978), but other pursuits intervened. His
intended dissertation on the Miocene of Virginia was never
completed, and only two short papers (Olsson, 1914 and
1916) describing new species from the Yorktown and sev-
eral other formations, reached publication. Perhaps the
greatest contribution of these papers was the forceful restate-
ment of equivalency between the Petersburg and York River
faunules.

W.C. lvlansfield described a few species from Yorktown
localities (1928), but documented many more Yorktown
records in his 1930 and 1932 works on the equivalent
Jackson Bluff faunas of northwestern Florida. Also in the
late twenties, J.K. Roberts at the University of Virginia
began an extensive collecting survey around Yorktown in
preparation for "The Lower York-James Peninsula" (1932).
Only a few line drawings were included, but the Roberts
collection became the basis for two unpublished masters
theses, "Descriptions of the Majority of the Pelecypods of
the Yorktown Formation of Virginia" (McGavock, 1935),
and "Systematic descriptions of Bre Yorktown Gastropoda
fauna" (Twardy, 1936). McGavock's work was essentially
accurat€ and led to a brief publication (1944, of four new
species. Twardy, however, borrowed uncritically from the
Maryland "Miocene" volumes and his work is consequently
less useful.

Julia Gardner's published involvement with the
Yorktown fauna began with notes contained within her
synopsis (Gardner and Aldrich, 1919) of a Duplin assem-
blage from Sumter County, South Carolina. New distribu-
tional records continued to appear in her work on the older
Alum Bluff faunas of northwestern Florida (1926-1950), in
which a few Yorktown species were illusaated as needed for
comparison. Gardner's major contribution to the Yorktown
faunas, however, was her U.S.G.S. Professional Paper 199,
"Molluscafrom the Miocene andLowerPlioceneof Virginia
and North Carolina".

Horace Richards (1947) included Yorktown species in
his "Invertebrate Fossils from Deep Wells along ttre Atlantic
Coastal Plain," and Olsson and llarbison (1953) discussed
and illustrated a number of Yorktown species for compari-
son with their Caloosaharchee fauna from St. Petersburg,



Ftorida. John Oleksyshyn (1960) added two species in
"Some New Species of Miocene Mollusks from Maryland
and Virginia." More recently there have been a number of
shorterpaleontologic and sratigraphic works that contribute
faunal lists and some illustrations. References to these will
be found in the systematic section or the appendices.

A major conftibution to the understanding of the
Yorktown strata and assemblages has been the Smithsonian
Contributions to Paleobiology volumes editedby Ray (1983,
1987, and in preparation), which concain numerous articles
including an importantconribution by Ward and Blackwelder
(1987) on the Upper Pliocene mollusks of Aurora, North
Carolina.

Consequently, a proficiency in the Yorktown fauna
requires a mast€ry of the literature of the entire western
Atlantic Neogene from Massachusetts to the Caribbean,
because the Virginia Yorktown fauna is of incidenal impor-
tance to, and consequently is cited in most of the significant
works. Another reason for searching the literature of more
southern areas is thatalmost any contemporaneous western
Atlantic species may show up in a Yorktown deposit. The
mostrecentcomprehensive survey of this literanre (Campbell
andothers, 1975) cataloged 1553 species ofPtocene mol-
luscs from Massachusetts to Florida. That work combined
a literanrre search with documentation of many fange exten-
sions from my family's work in Virginia, the Carolinas, and
Florida, and a systematic effort to document synonyms,
homonyms, and current generic placement. The systematic
revisions conained in that work have rarely been recognized
or cited by subsequent authors, possibly because of the
catalog format. Thefirst goal of this monograph istoprovide
a thorough and critical synthesis of the Virginian Pliocene
molluscan literature.

A second reason to monograph the Yorkown fauna is
the abundance of new records from exceptionally diverse
localities which have become available after 1960, includ-
ingRice's pitin Hampton, Zook's pitbetweenWilliamsburg
and Yorktown, a sEeam cut exposed by construction on the
campus of the College of William and Mary, and the
westernmost cuts in the oldlone Star Cement Company pits
in Chuckatuck, now Crane Lake, a park owned by the city of
Suffoft. A large pit 2.5 km west of Deep Creek in the City
of Chesapeake, sometimes also called the Yadkin pit, con-
tains both Yorktown and the only consistently available
Chowan River beds in Virginia. This pit is at present (1991)
operated by Higgerson-Buchanan, Incorporated.

The need for a Yorklown monograph is obvious, but a
monograph is a difficult undertaking.

"Monographs, be they concerned with certain
taxa, or with a given fauna, or both , present qpecial
problems and challenges. For the author, the main
problem is o get the material published in this era
of rising printing costs. There is a danger involved
here, however; a danger which is directly relaled
o the fact ttrat no matter what, the monogtaph is
bound to be part of the paleontological literature
fora long time. This is fortwo reasons: descriptive
work doesn'r dale to the same ext€nt as more
theoretical or analytic work will, as evidenced by
themany l9th century descriptive works stillcited
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regularly, and because whatever the author of a
monograph has to say about a fauna or group is
likely to remain the last word for a long time, given
the relationship between the amount of material to
describe, and the number of people available to do
it. This danger can lead to complacency in that it
is easy to be satisfied with merely describing the
material, thus producing a work that everyone
knows of but no one has read. The challenge is to
transcend this possibility and to produce a work
which will serve as both a reference for future
workers and as a source of inspiration for others."
(Lars Werdelin, 1989: 316).

Werdelin's observations underscore the necessity of
careful and thorough work. Hasty, uncritical systematics
perpetuate errors and produce more. There are any number
of works, past and present, which contribute little of sub-

stance while externalizing to other workers the bother and

tedium of putting sloppy work in order. On the other hand,

the perfect monograph will never be written. In this work,
an effort was made 0o examine all pertinent types available
in the Smithsonian, the Academy of Natural Sciences, the

American Museum of NaturalHistory, and thePaleontologi-
cal Research Institute. Homonyms and synonyms from 1758

to 1870 were determined through the listings of Sherborn
(1892-1933) and Ruhoff (1980). Cited homonyms and

synonyms were checked against types and original refer-
ences. Also, an effort was made io review all literaurre
pertaining !o the Miocene-to-Recent systematics and distri-
bution of the species discussed in this work. Weaknesses

include a somewhat less thorough examination of the Carib-
bean literature, European literature, and ofPaleogene works
that include discussions of Atlantic Coastal Plain Pliocene
taxa.

NOMENCLATURAL PHILOSOPHY

'?alaeontology is general suffers from too many species
ratherthan too few." (Kermack, in Sylvester-Bradley, 1956,
p.101).

Nicol (1958) quotes from Newell (1956) as follows:

"Morphologic forms artificially extracted
from whole populations (e.g., polymorphs, onto-
genetic stages, ecotypes, and individual varians)
often are given formal Latin names as varieties or
species. This action is defended on the grounds
that all distinctive fossil forms are actually or
potentially indices of stratigraphic horizon, hence

deserving of separate recognition. As faras itgoes
there is some logic in this argumentbut thepoint
of view on which it is based actually defeats one of
the ultimate objectives in stratigraphy, which is
ttre establishment of deniled, interregional fossil
zones based on evolutionary development."
(Newell, in Sylvester-Bradley, 1956, p. 66).

"It hardly seems appropriate 0o burden in-
ternational nomenclature with binominal or
trinominal Latin names for categories which at
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best have only local sratigraphic value and are
devoid of evolutionary significance. Yet
palaeontologists who favor the naming of artificial
categories of scope less than whole populations
unconsciously support the limited objectives of
local and temporary advantage over the long term
goal of world-wide stratigraphic zonation based
on evolutionary succession. The individual vari-
ants might beuer be designated, if necessary, by
non-Linnaean, vernacular names or numbers."
(Newell, in Sylvester-Bradley, 1956, p. 73).

The nomenclatural philosophy used in the present work
is a conservative one. I consider my systematic instincts to
be of a biological and population focus, meaning that my
concept of species allows room for much individual varia-
tion as demonstrated among any number of fossil andRecent
molluscan species. Rather than seeking a balance between
"splitter" and "lumper" taxonomy, I have sought to collect
populations of each species from a number of localities and
to determine the degree of morphological intergradation
present within the population. I judge a morphospecies to be
valid only when three ormore form or sculpture components
consistently differ across multiple populations. I also con-
sider it legitimale to describe a fossil species from unique
material if the species belongs to a genus not otherwise
reported from the formation and if it shows multiple differ-
ences when compared with congeneric forms from other
formations or Recent populations. Like most total fauna
monographs, species evaluation in this work is mostly
qualitative. It is hoped that the work will serve as the first
rather than the last word on these many and varied taxa.
Detailed quantitative morphomeric statistical analyses such
as that of Anadara trilineata Conrad (California Pliocene)
by Alexander (1974) are needed for virtually every mollus-
can family present. New techniques of computer imaging
and direct quantification of form provide great promise for
future detailed systematic studies (D. Campbell, 1988). A
significant problem for the few such studies published over
the last twenty to thirty years has been failure to examine all
proposed taxa within the family, genus, or tribe being
studied. It is hoped that the present work will serve to alert
present and fuhrre workers o the full diversity of taxa
described in the existing literature.

Similarily, the nomenclatural concept of genus used in
this work is conservative. I do not believe that a stratigraphic
series or lineage of related species constitutes a separate
biologic genus, but rather that a genus may contain many
individual lineages. Provincial taxonomy is also avoided. I
do not believe that geographic separation justifies the cre-
ation of multiple genera among morphologically similar
taxa.

Variation through time is, itself, a subject worthy of
detailed analysis. The literature contains much discussion of
phyletic gradualism and punctuated equilibrium, the latter
focused on homeostasis alternating with speciation events.
However, homeostasis, the genetic tendency of individuals
!o cluster about a normative morphology, itself appears to
vary episodically. In the early Pliocene, tightly clustered
homeostasis appears !o havebroken down in certain groups,
providing a somewhat bewildering anay of morphologies

artong Sip lo cy pr ac a, T er e bras p tr a, C all io s t o ma, N as s ar ius,
I lyanass a, Gly cymeris, Astarte, and Macro c allista,lo men-
tion afew. The sinisftalB usycon andCoruu appeared atthis
time and generated a number of bizarre but intergrading
morphologies. No certain environmental orgenetic rigger
has as yet been documented, but the phenomenon was both
extensive in that several dozen genera were nearly simulta-
neously affected, and selective in that many other genera
retained a very conservative homeostasis. I suggestthat the
phenomenon of exceptional variation be called heterostasis.
I concur with Nicol (1958) in arguing that it is biologically
and paleonlologically unsound to separately describe the
various entites within these impermanent swanns of mor-
phological variation. Eventually a more familiar, conserva-
tive homeostasis emerged in which the species either re-
turnedto its initial limiteddiversity of form asinGlycymcris
and Macrocallista, or a small number of morphotypes
emerged from the swarm 0o establish stabilized, apparently
sympatric new species. I have perpetuated names for two
such heterosatic swarms, the Calliostoma mitchelli species
group and the lllyanassa harpuloides species group, on the
rather poor argument that there are small, sometimes consis-
tent, morphological differences and that these have been
treated extensively in our literature for over a century as
species level taxa. The individual morphotypes are here
given subspecies rank, but biologically they are little more
than varieties.

Subspecies level names in Neogene molluscan litera-
ture have a varied history of usage. Dall ( f 890- 1903) largely
used subspecific designations for segregatable varieties, a
practice now generally rejected. Mansfield (1930, 1932)
developed aregional axonomy, frequently separating Jack-
son Bluff species from their Duplin equivalents by the
creation of subspecific taxa. Ward (1992) has used subspe-
cies o delineate stratigraphic variation within bivalve lin-
eages from the Miocene of Virginia and Maryland. Current
biologic usage resiricts subspecies to allopatric subpopula-
tions. By this uage, two or more subspecies should not co-
occur in a single locality or bed, and sympatric nominate
subspecies must be reinterpreted as interspecific variation
within a single species, or as multiple, subtle but discrete
species.

I believe that the subspecies concept may have a
morphologic validity in paleontological work, even when
alloparic conditions cannot be demonstrated. As and
operating procedure, I require at least three distinct, unique
traits before naming a new morphospecies. The subspecies
level may be appropriate when two taxa differ consistantly
in one or two traits. Scaplrclla solitaria solitaris from the
St. Marys Formation, Late Miocene of Maryland has a
keeled and beaded shoulder, and Scaplella solitaria ricei
(new, this work) has a sloping, noded shoulder. In all other
respects, the shells are identical.

A second usage of subspecies in this work is to delineate
taxa which appear discrete by the ttnee trait rule, but which
are either closely allied to one of the sympatric heterostatic
complexes, or are members of a species whose varieties are
conservative within a population, but show great variation in
time and sprce. Of the fourremaining subspecies described
in this work,I judge Terebra enunonsi lamptonensis w&,
within a sympatric heterostatic swarm of variation.
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C allb stotrc mit c hclli jo lms oni and Callio stotru vir ginic wn
jeffersonicwn are older, 7-one I ancestofs to much more
variable Tane 2 heterostatic complexs. Carolinapectcn
eboreus clvsapecfrznsir from the Chowan RiverFormation
appears !o b0 a discrete taxon, but the Carolinapecten
eborew stock is one of the best examples ofconservative
individualpopuliations contrasting with rampant variation in
time and space.

STRATIGRAPI{Y

The published lithosratigraphy of the Yorktown (Ward
and Blackwelder, 1980) and Chowan River (Blackweldet,
1981a) Formations is summarized in Figure l. Ward and
Blackwelder (1980) named formal members as follows: the
Sunken Meadow Memberwhich is identical with the Zone
I beds of lvlansfield (1944), theRushmere Member, Morgarts
Beach Member, and the Moore House Member, the latter
three being equivalent to the Zone 2 of Mansfield ( 1 944). At
its type section, theRushmereMemberconsistsof one to two
meters of silty sands and common shell overlain by the
Morgarts Beach Member. The type section contains a lower
Zone 2 molluscan assemblage. The Morgarts Beach Mem-
ber consists of silt and clay beds as much as 10 meters thick,
containing fewer shells and occasional stringers of sand. The
MooreHouse Memberatits type locality consistsof weakly
to well cemenled, fragmented shell calcarenite associated
with large scale crossbeds. However, as applied by Ward
and Blackwelder ( 1980) and subsequent authors, these units
are treated as biostratigraphic and chronostratigraphic pack-
ages of mixed sediments often having little lithically in
common with the type sections. The Moore House suppos-
edly includes thebeds atRice'sPitand theZone 2 beds at the
Deep Creek Indus$ies pit near Yadkin, even though both
sites exhibit thick silt-clay beds. The Chuckatuck
megacrossbeds were placed in the Rushmere even though
they arc lithically most similar o the Moore House.

The Chuckatuck beds merit special mention because of
two dissimilar interpretations. Ward and Srickland (1985)
have advanced the hypothesis that structural uplift pushed a
horst of Rushmere sands into wave base, creating a large
banier. On the immediate back-flank, the mega-crossbeds
were deposited while the Morgarts Beach silts and clays
accumulated in the quiet waier basin behind the barrier.
Ward and Srickland(1958: 89) postulateathree stepmodel:

"1. Sedimenation is essentially even-textured on a gener-
ally featureless, slightly seaward-dipping, shallow shelf.
"2. A structural failure, perhaps due to loading, creates a
barrier.
'3. Later deposition across this feature creates a monocline,
with thicker, finger-grained deposis accumulating on the
backside while coarser sediments accumulate wi0r increas-
ingproximity !o theapex. Thebeds diprathersteeplybehind
the structure, but seaward of the apex they dip very gently."

The structural hypothesis supports the prediction of a
single barrier evenl The strengths of this model are is
compatibility with the sfuctural model of Brown, Miller,
and Swain (1972), anditsability toexplain thereversal of dip

occasionally encounbred across the Virginia Coasul Flain.
Its major limitation lies in step 1. Uchupi (1968) has
documented hundleds of shoals and sand swells across the
Recent Wesrcrn Atlantic continental shelf oe-tween Nova
Scotia and the Florida Keys. A "feahtreless" shallow shelf
is therefore exceptional rather than normative, at least for the
Recent.

I have advanced a sedimentary hypothesis (Campbell
1976,1982) for the Chuckatuck banier (Figure 2), arguing
for the development of multiple shoal fields across the
Yorktown continental shelf with the Chuckatuck banier
being simply one of the larger examples. Sand swells built
during Eansgressivephases and high stands become shoals
or even islands during recessive seas. Postulated sedimen-
tation around the barrier is identical for o,e*th models. The
sedirnentary hypothesis argues formultiple episodes of surf-
winnowed shell concentrates, mega-crossbedding, and silt-
clay deposition, the episodes being repeated in both space
and time. The strengths of this model are its capacity to
explain reversed dip, its use of a common, pervasive, and
well-documented Recent phenomenon (shoal fields), its
dependence upon multiple ransgressive-regressive episodes
(at least five are documenied fot Tnne 2 beds by Krantz
(199 1)) and its compatibility with the existanceof numerous
and varied shoal fields within the Zone 2 beds.

A complete cross section of the model cannot be dem-
onstrated in outcrop, but the Chuckatuck complex at the
Lone Star CementCompanypit(now CraneLake) preserved
lithofacies 1, 2, 3, and 5 (Figure2). Otherpartial expressions
include the James River section at Rushmere, which in-
cludes in ascending order: Tnne I beds in the shallow
subsurface, then a facies I silt (stratotype for Rushmere
Member) capped by a thin bed of facies 5 sands with
increased species diversity; a second facies I sequence
(Morgarts Beach Member) capped by facies 3 horizontal,
fragmental sands. To the east, near Mogarts Beach, facies
I silt*lay beds (shatotype Morgarts Beach Member) are
overlain by facies 5, open shelf sands with much increased
species diversity. On the campus of William and Mary in
Williamsburg, a s8eam cut preserved facies 4 shell sands
overlain by facies I clay. Overlying the clay were sands

containing brackish water faunules which became p'rogres-

sively more saline up section, clearly a ftansgressive phase,

culminating in facies 5 sands. Rice's pit preserved a facies
I basal silt overlain by facies 5 open marine sands. Less than
two kilometers to the east, a well drilled for a heat pump
encountered intensely fragmented, winnowed shell from
eitlrer frcies 2 or 3. The Deep Creek pit again preserves
facies I silt-clays and sandy silts overlain by coarsely
winnowed, crossbedded sands offacies 2, then open ocean
sands of facies 5. These are then overlain by the Chowan
River beds. The section at Yorktown exhibits the macro-
crossbeds of facies 2 (Cornwallis' Cave) overlain by the
horizontal, intensely fragmented facies 3 sediments of the
stralotype Moore House. Southeast of Benn's Church,
Virginia an extension of the Chuckatuck barier is exposed
in a sand pit exposing the silt-clay facies I beds overlain by
facies 2 mega-crossbeds. Fragmental beds are found from
the PiankitankRiver discontinuously south to Suffolk. There-
fore, segments of ttre lithostratigraphic sequences predicted
by the sedimentary model for the Chuckatuck barrier are



()

U
bo

(\l

.A
()

E
tr

tr(tl
,;
<l
O
x
Y
()

E
bo

GI

6
ra
5o
go
h
g
G'

oo

GI

o

'v

'()

a)

6
tro
bo
>|xo
NS
rEo
Vl!
o€
-=*d.EE
EF
o=
rJtr
€ \.,,

uq)
otr
()-
ilu
gE
e'E:i5gr C)

IIu)
) 6Al
O=6
O Liio>:
N9 p
z:
{a(rii
YA

VIRGINIA DIVISION OF MINERAL RESOI]RCES

qqtootoo|r)
N<ri c'id+t

(eyV ) orrtl

-t'

a
(!
(r

- --\c
=
=o

$iEgE5€

5 
-gs€



PUBLICATION 127

repeated extensively throughout the Zone 2 Yorktown in
Virginia, both on and away from the tectonic axes proposed
by Brown, Miller, and Swain (1972).

Zullo and Hanis (1990) have proposed a Sequence
Stratigraphy model for the Pliocene of Virginia and north-
eastern North Carolina, and use it to interpret the stratigra-
phy of southern Florida. Their model assumes the accuacy
of the Ward and Blackwelder (1980) sequence, and ,is
therefore, subject to the same criticisms outlined below.

Figure 2. Sedimentary model for the Chuckatuck banier.
Littrofacies: 1. Silt-clay, often >907o: infaunal bivalves
commonly paired, in life position. 2. Mega-crossbedded
tempestite deposits; fragmented, winnowed shell carbonate,
often >807o; bivalves rarely paired or in life position. 3.
Horizontal, intensely fragmented shell sand; winnowed
shell carbonate may exceed 95Vo;no undisturbed infauna.
Surf planation phase. 4. Fore-shoal, bioturbated, relatively
unsorted shell sands; common undisturbed infauna. 5. Open
shelf, bioturbated, relatively unsorted sand.

BIOSTRATIGRAPHY

Mansfield (lg44) was the first to propose an effective
biozonation for the Yorktown Formation, recognLing a
lower, orZone l, P lacope cten clintonius zone, and an upper,
or Tnne 2, Turritella alticostata zone, the latter informally
divided into beds which he believed to have a superposition
order @gure 3). Hau;el (1971) proposed osfracode zones,
recognizing a lower, or Pterygocytheris inexpectata mne,
and upper Orbninavauglnni zone essentialy equivalent to
Mansfield's Zones I and 2. However, Bailey (1987) docu-
ments the Pte rygocytheris inexpectatazone from basal Zone

2beds. Hazel's P uriana mcsocostaliszonecoresponds with
the Chowan River beds. Blackwelder (1981) has proposed
interval zones and stages for the Yorktown and Chowan
RiverFormations. His zones M6, M5, andM4 are equivalent
with Mansfield's Zone I andoverlying unconformity,T-one
2 and overlying unconformity, and Chowan River beds
respectively. As proposed, Blackwelder's zones and stages

include both depositional units and unconformities, and
therefore are time rather than time-rock units.

WEST EAST

Figure 3. Single Pluse model for Yorktown deposition.

Zone2 faunules have been slow !o yield a coherent
subzonation. lvlansfield (1929: 1944:2) proposed an infor-
mal, threefold division of "Upper part (beds at Suffolk);
Middle part (beds at Yorktown), and Lower part (including
Charrc-beaing bed)." He also believed that the "Biggs
Farm" fauna from near Franklin, Virginia, was younger than
the beds at Suffolk (Mansfield, 1944:8-9). However, Ward
and Blackwelder (1980) citea single faunal list forMorgarts
Beach, Rushmere, and Moore House Members, and my own
work initially seemed !o document high diversity assem-
blages drawn from essentially a single species pool. New
work by M. Campbell (1992, in preparation) in North and
South Carolina indicates that there are significantbiostrati-
graphic subdivisions in the Zone2-equivalent interval in that
area. His biostratigraphic analysis of South Carolina Plio-
cene molluscs is shown in Tables I andZ.

The direct ransfer of total faunal comparisons between
the Yorktown basin and the Pliocene Carolina basin is
complicated by percenage data that best correlates all
Yorktown basin faunas, including Zone l, with the Natural
Well fauna (Table 3). This bias is the result of commonality-
components dominated by species widespread in space and
time, and also by the enormous number of species recovered
from Natural Well and its directly equivalent assemblages at
TearcoatBranch and Muldrow Place, Sumter County, South
Carolina. This high species richness substantially increases
the chancesof any given species ofasmallerassemblage also
occurring in the Natural Well biota The Dice Similarity
Coefficient is a better measure of disparate diversity assem-
blages (Iable 3); and produces an array ofbiostratigraphic
correlations more consistent with those of the southern
basin.

Index zonation developed for the Carolinas (M.
Campbell, lWL,in preparation) is more directly transfer-
rable to Virginia and provides an independent measure of
biosratigraphic patterns, despite difficulties including prob-
lems of reworking, refugia, and variable extinction (Tables

rl
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Table 1. Percentage and Dice Similarity coefficients forPliocene faunas of southern North Carolina and South Carolina (M.
Campbell, 197 2, in preparation). t

UW LW D RA UGC LGC w M

R
I.JW
LW
D
RA
UGC
LGC
w
M

48.2 38.6
- 7-5.6

PERCENTIN
COMMON

Vo

2r.o
49.1
45.4

21.2
25.6
23.1

1r.'

20.8
r9.3
r7.2
30.5
53.1

22.7
12.5
11.5
20.1
36.4
5t.7

-R
10.1 UW
7.6 LW
12.5 D
27.3 RA
25.3 UGC
28.6 LGC-w
-M

% calculations based on the N number of the younger of the two units compared.

MRADLWUW LGC wUGC

R
UW
LW
D
RA
UGC
LGC
w
M

- .540

DICESIMILARITY
COEItrICIENTS

.468

.684
,268
.418
.430

.186

.316

.305

:t"

.r61

.253
239
.437
.574

.141

.185

.r79

.318

.463

.620

.R

.2t2 IIW

.183 LW

.267 D

.360 RA

.315 UGC
3M LGC

w
-M

R = ALSORECENT

I Abbreviations used in Tables 1,2,3,4, and 5.

Util = UPPER WACCAMAW N = 336 mollusc species. Index species include Carolinapecten solaroides,last C. eboretn
sene scens and Ar gope cten v icenarius

LW = LOWER WACCAMAW N = 407 Index species include Pec ten holmesii, Stralopecten ernestsmithii, first appearance
of C ar o linape c t en e bor e us s e ne s c ens and Ar go pe c te n v ic e nar ius.

D = STRATOTYPE DUPLIN N = 453 Fauna contains many tropical qpecies, but no unique calcitic species. Scaphella
renholmii is common.

Rr{ = STR.ATOTYPE RAYSOR N = 209 This appears to be, at least in part, the near shore, sandy, clastic equivalent of the
Upper Goose Creek Limestone.

UGS = LJPPER GOOSE CREEK N = 178 Nodipecten peedeensis, Ecphora bradleyae,last occurren ce of Chesapecten
septenarius and Encape rnacrophora, fauna contains many tropical species. Calcite and mold preservation.

LGC = LOWER GOOSE CREEK N = I 19 rare Chesapecteniffirsonias, common C. septenarius,Nodipecten collierensis,
Encope macrophora. Calcite and mold preservation.

W = WABASSO N=2 common Chesapectenjeffersonius, Calciteandmoldpreservation. N-18 Foraminiferapresent
(Huddlestun, 1988). Number of mollusc species too small for meaningful comparison.

M = ALSO MIOCENE
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Table 2. Range zones of twenty Pliocene mollusk species from the Carolinas (after lvt. Campbell, l992,in
preparation). Unit symbols as in Table 1.

abcdefghijkl mn o p q r s t
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a. Placopecten clintonius (at Aurora, NC)
b. Che sapecten j effersonius
c. P lacunanomia burnsii
d. Cluesapecten mndisonirs (10-14 rib average)
e, Chlamys decemnarius
f Chesapecten septenarius
g, Encope macroplwra
h Anadarapropatula
i. Striarca centenaria

i. Glycyrneris americana abberans

4 and 5). Species that became extinct in one basin may
survive in another. For example, Pecten hemicyclicus
Ravenel, restricled to the Goose Creek Limestone in South
Carolina, occurs in Virginia as worn specimens of the upper
valve in the apparently younger Chuckatuck crossbeds.
Three arguments in support of the validity of the transfer of
more southern index zonation into the Yorktown basin are:
1. the use of numerous species rather than a single index: 2.
paleolatitude climatic gradiens which wouldpredictharsher
rather than milder Virignia Pliocene marine climates during
the glacio-eustatic regressions and therefore more severe
extinction rather than refugia conditions; and 3. the conse-
quent statistical ranking of toal faunal statistics when
orderedby index species (Table4). Thus the extensionof the
Carolinian index zonation provides an independent measure
of biostatigraphic parerns in the Yorktown basin.

In the following analysis, matricies ofpercenage and of
Dice Similarity data are used rather than dendrogram cluster
analysis. Dendrogram analysis has been used effectively by
Hazel (1971) for Yorktown and Chowan River
oshacodes.However, as a lechnique for zoogeographic and
chronosratigraphic analysis, dendrograms strongly empha-

a b c d e f g h i j k I mn o P q r s t

CAROLINA INDEX SPECIES

k. H emirrctis magnoliana
l. Pliopty grna carolinensis
m. C oralliophila le o ne ns is
n. Pecten lulmesii
o. Stralopecten ernestsmithii
p. Scaphella precursor
q. Carolinapecten efureus senescens
t. Argopecten vicenarius
s. Abraaequalis
t, Mulinia lateralis

size the primary or first order similarities to the neglect of
second order relationships. For the analysis used herein,
total assemblages are compared across nine different suati'
graphic intervals ranging from Miocene !o recenl This
allows a more detailed analysis of biosratigraphic trends,

especially when the differences are subtle.

Trm KRANTZ (1991) MODELFORPLIOCENE SEA
LEVELFLUCTUATION

Krantz (1991) has synthesized the global literature of
oxygen isotope records to creaie a predictive model of
transgressions and regressions across the Atlantic Coastal

Plain(Figure 1). Krantz cross correlated the model with the
sratigaphy and chronostratigraphy proposed by Ward and
Blacliwetder (1930) and Blackwelder (1981a) (see also
Cronin and others, 1984). The Krantz predictive Oxygen
isotope model provides an extremely important tool in
sorting out the Pliocene stratigraphy of the Atlantic Coastal

Plain from Virginia to Florida, and for testing the compat-
ibility of various sratigraphic schemes that have been
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Table 3. Percentage and Dice Similarity (D) Coefficients for the biosratigraphic units of the Yorktown basin in comparison
with those of South Carolina. R to M, see Table l; JMC = type area James City Formation; CR = stratotype Chowan River;
CKP = Panopea bed at Chuckatuck; CKX = fragmental, Chuckatuck crossbeds; MD = Morgarts Beach; RP = Rices Pit; RS
= stratotype Rushmere; Zl = all localities, zone I

JMC

CR

CKP

cKx

MD

RP

R
JMC
CR
CKP
CKX
MB
RP
RS
ZI
M

R

47.8
.247
32.5
.207
18.9
.187
18.9
.185
17.l
.4M
18.0
.r69
t6.2
.071
14.3
.081

UW

85.9
.369

68.3
.36
37.4
.326
37.0
.3 r9
22.8
.43
30.5
.250
36.5
.r32
30.5
.t45

LW

82.6
305.
61.8
.287
39.8
.309
4r.3
.318
28.6
.045
33.5
.244
36.s
.rt2
27.6
.l 13

D

6r.9
.2W
68.3
.292
729
.531
77.5
.557
65.7
.094
&.8
.440
7r.6
.20r
60.0
.226

RA

40.2
.246
44.7
.331
40.5
.449
45.7
.501
45.7
.131
42.r
443
55.4
.294
45.7
.306

UGC

35.9
.244
37.4
.306
3r.7
.375

32.3
.380
42.8
.t4l
31.3
.355
51.3
.302
42.8
.318

LGC M

Vo

D
Vo

D
Vo

D
Vo

D
7o

D
Vo

D
Vo

D
Vo

D

RS

ZI

19.6 32.6
.t7t .300
2r.7 30.1
.223 .320
19.3 20.1
.265 .283
22.4 23.6
.306 .331
3r.4 40.0
.r43 .196
23.6 23.6
.313 .323
39.2 51.3
.301 .4r8
30.5 39.0
.286 .385

Table 4. Percentage and Dice Similarity Coefficient matricies for Pliocene faunas of Virginia and Northeastern North Carolina.
Unit abbreviations as in Table 3.

PERCENTAGE
N

92
r23
259
254

35
233
74

105

DICE

JMC
CR
CKP
cKx
MB
RP
RS
21,

M

JMC

47.8

JMC

CKP CKX

18.9
46.8
&.4
77.6

MB

t7.r
14.3
20.r
7t.4
74.3

RP

r8.0
36.r
43.3
59.3
63.2
80.6

RP

.203

.298

.622

.657

.207

RS

16.2
17.4
18.7
22.4
24.8
62.9
23.8

RS

.193

.234

.348

.384

.4M

.365

zl

14.3
20.7
27.1
2r.6
24.0
40.0
25.s

:''

zl

.193

.298

.308

.340

.200

.35s

.436

M

32.6
30.r
20.r
23.6
40.0
23.6
51.3
39.0

CR

32.5
57.8

18.9
39.1

:'''

Vo calcalatians based on the N number of the younger of the two units compared.

CR

49s

CKX

.249

.350

.784

MB

.079

.089

.170

.180

CKP

.205

:"0
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Table 5. Range zones of twenty Pliocene mollusk species from Virginia and Northern North Carolina.
* 

= also Carolinian. Unit abbreviations as in Table 3.
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YORKTOWN BASIN INDEX SPECIES

a. Placopecten clintonius k. Hemimetis magnoliana*
b. Chesapecten jeffersoniux* l. Chesapectennadisonius (16-18ribaverage)
c. Izptopecten leonensis* m. Coralliophila leonensis*
d. Chesapecten madisonium (1A44 rib average*) n. Carolinapecten eboreus (lmge, flat ssp.)
e. Chlanrys decemnarius* o. Eucrassatella kauffmani
f. Clrcsapecten septenarius* p. Gari dalli
g. Encope macrophora* q. Noetia limula*
h. Anadarapropatula* r. Anadaraaeqaicostata*
i. Striarcacentenariax s. Abraaequalis*
j. Clinocardiamvirginianum* t. Mulinialateralis*

proposed. Evidence discussed below will challenge the
concept or placement of particular Yorktown basin srad-
graphic units as proposed by Ward and Blackwelder, and
conelated by Krantz (1991) (Figure I , columns 3 and 4), but
the isotope curves zue extremely well supported, and can be
expect€d to withstand significant revision for the foresee-
able future. For convenience ofreference, the transgressions
and regressions of the Krantz model are here assigned
informal K-numbers, ranging from K-l for the Yorktown
zone 1 transgression to K-21 for the last James City-
Waccamaw ft ansgression.

CORRELATION AND DISTRIBUTION OF
BIOSTRATIGRAPHIC FAUNAL I]NTTS IN VIRGINIA

AND NORTHCAROLINA

K-O PRE-YORKTOWN PLIOCENE: The Krantz model
indicates amajor transgression atabout5.5-5.4 million years
bp. William Abbott (1989, personal communication) found
earliest Pliocene diatom beds in the vicinity of Petersburg,
Virginia, which were subsequently placed in the top of the

late Miocene Easlover Formation, based on recommenda-
tions during peer review. Therefore the existance of pre-
Yorktown Pliocene in the study area is equivocal atpresent.

K-I ZONE 1 YORKTOWN, SUNKEN MEADOW MEM-
BER, WILTONIAN STAGE , Placopecten clintonius mne,
M-6.

Zane I, all localities N = 105
R JMC CR CKP CKX RP RS ZI M

vo r4.3 l8.r 32.3 53.4 58.1 57.3 37.2 r00 39.0
Dice.081 .193 .298 .308 .340 .355 .436 1.00 .385

Unit abbreviations as in Table 3.

Distinctive molluscan index species forzone 1 include
Placopecten clintonius, Twritella bipenin (synonym: 

^I.
pilsbryi), and F usinus pr ope parilis. C lrc sapecteni effer sonius
is dominant only in Tnne l, but also occurs rarely in the
immediately suprajacent beds. Zone I beds are found from
the Piankitank River to the Aurora, North Carolina pits, but
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are most extensively exposed along the York and James
Rivers. Equivalent beds in the subsurface from South Caro-
lina to Florida have been called the Wabasso beds by
Huddlestun (1988). Apart from Clrcsapecten jueffersonius
andOstrea sculpturata recovered by SCLJBA divers from
the bottom of the Savannah River, nothing is known of the
Wabasso macrofauna. Both Zone I beds and the Wabasso
yieldN- 18 planktonic foraminifera (Ward and Blackwelder,
I 980; Huddlestun, I 988) or lower N- I 9 (Chronin and others,
1984). The Kmntz model predicts an age of 4.3 to 4.5 my.

Blackwelder (1981) assigns the Zone I Yorktown to his
M-6, or Chesape cten j effersonius-Chesapecten madisoniw
interval zone. He states that these beds contain about 5Vo
living species of molluscs, but of the 105 species docu-
mented in the present work, l4.percent are extant.

ZONE 2 YORKTOWN, RUSHMERE, MORGARTS
BEACH, AND MOORE HOUSE MEMBERS,
BLJRWELLIAN STAGE, Tarritella alticostata zone, M-5

As noted above, Zone 2 faunules have been slow to yield
a coherent biostratigraphic subdivision. The work of M.
Campbell (1992,in preparation), analyzing the distribution
of ll27 Pliocene molluscan species from the Carolinas and
Virginia has yielded a statistical biostatigraphy and index
faunal zonation, which effectively divides the 7-one 2-
equivalent beds in Souttr Carolina. To a reasonable degree,
this more southern index zonation can be conelated into
Virginia (Tables I to 3).

K.3 THE BASAL ZONE 2, OR AURORA, NC, BEDS

Gibson (1987, fre.2) has described 9.43 meters of
aragoniteJeached section belonging to ttris interval in the
Texasgulf Sulfur Aurora, North Carolina pits and has dis-
cussed the pectenid assemblage for these beds. Index spocies
include an early race of C hesape cten madisonins having l0-
14 ribs, lzptopecten leonensis, the first occurrences of
C hlamy s de c e mnar ius and C lte s ape c t e n se pt e nar ius, andthe
last occurrence of. C. jffirsonius. These beds are of very
limited distribution in Virginia, being known only from the
Piankitank River (Blackwelder, I 98 1, pl. 4, fig. 3), and fiom
banks of a small stream between the York and Piankitank
rivers. The unit is directly equivalent to the lower unit of the
Goose Creek Limestone in South Carolina and with the
Tamiami Limestone (original sense) in southern Florida.
Bailey (1973) includes these beds with typical Zone I beds
in his UnitII. In all known localities, this unit is acalcarenite
leached of aragonite shells. Snydor and others (1983) give
a Lower Pliocene age of PL-l to PL-3, based on planktonic
foraminifera from Aurora. This unitcontains P rcry go cytheris
inexpectata ostracode zone species (Hazel, 1983). The
Krantz model predicts an age of 3.9 to 4.1 my.

K4 TI{E STRATOTYPERUSHMERE, AND RICE'S PIT
AND DEEPCREEK SILTBEDS

Rushmere s&atotype N = 74
R JMC CR CKP CKX RP RS ZI M

% 16.2 2t.6 3l.l 78.3 85.1 76.2 rW. 52,7 5r.7
Dice .071 ,193 .234 .348 .384 .365 1.00 .436 .4r8

Rice's pit silt N = 32
R JMC CR CKP CKX RP RS ZI M

Vo 18.7 3r.2 50.0 78.2 78.8 85.1 59.4 53.1 59.4
Dice .041 .16l .2M .172 .r75 .204 .358 .248 .27r

Deep Creek pit silt N = 62
R JMC CR CKP CKX RP RS ZI M

Vo 16.1 U.2 4r.9 88.7 92.0 91.0 56.4 45.2 580
Dice .061 .195 .281 .343 .36r .380 .515 .335 .365

Unit abbreviations as in Tablo 3.

The onset of regressive bar and sound deposition pro-
ducing winnowed fragmental beds (facies 2 or 3), and silt and
clay accumulation (facies l) altemating with Eansgressive,
open marine shell sand deposition (facies 4 and 5) begins in
the Yorktown basin with the silty sands at the stratotype
Rushmere, south bank of James River at Burwells Bay. The
Rushmere shatotype section contains approximately 1.5 to
2 meters of silty sand with abundant shell, Chesapecten
madisonius has evolved into the more advanced, 16-20 rib
morphology. Common species include Chesapecten
septenarius, Chlanrys decemnarius, Astarle roanoalrcnsis,
and Chara congregotd, the latter being commonly paired
but not developed into bioherm reefs such as may be found
higher in the section. The assignment to the K-4 regression
of the Krantz model is based on silt-clay sediment type, high
ntal faunal affinity for the Tnnel and Miocene faunas, and
superposition, the Rushmere Member in Burwells Bay im-
mediately overlying typical Zone I beds.

Faunules of the Rice's Pit and the Deep CreekPit silt and
clay beds show a high Dice similarity to the fauna of the
Rushmere stra0otype. These siltybeds alsourderlie sandier,
more open ocean deposits with faunas indicative of the K-5
transgression. Very soft, silt-clay mud subsnates are hostile
envirorments and relatively few molluscan families can
successfully exploit them. Those that are successful tend to
be present in great numbers, and contain species having
considerable stratigraphic longevity. All Yorktown silt and
clay beds, regardless of their location in sfratigraphic sec-
tion, show reduced diversity and about 5070 commonality
with Miocene silt assemblages. Mostpervasive are species
of Nucula, Naculana,Yoldia, and Cadulus. At Rice's pit,
Twritella alticostata also dominates the assemblage, and
at the Deep Creek pit, Chesapecten madisonl'u abounds in
silty sand, providing a hard substrate for a variety of
epibenthics including Crepidula, O strea, corals, barnacles,
and annelids. Bones of a Pliocene Walrus have been
recovered in the silty beds at Deep Creek.

The Krantz model predicts an age of 3,85 to 3,9 my.

K-5 C harruRF-EF, RICE'S PIT, AND THE DEEP CREEK
PIT

Williamsburg Golden Horseshoe Golf Course Clwnw Reef.
p= l16

R JMC CR CKP CKX RP RS ZI M
Vo 19.8 16.4 30.2 79.4 85.3 78.0 44.0 41.3 33,6
Dice .121 .r83 .293 .491 .535 .516 .s37 .434 .348
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Rice's pit, upper beds N = 233
R JMC CR CKP CKX FJ RS ZI M

7o 18.0 14.0 22.5 65.4 68.4 100. 23.8 255 23.6
Dice .169 .203 .298 .622 .657 1.00 .365 .355 .323

Deep Creek Pit, upper 7nne2 6sds tl = 229
R JMC CR CKP CKX FP RS ZL M

Vo r9.2 14.0 21.8 70.3 76.4 65.7 24.0 23.1 20.5
Dice .178 .199 .2U .ffi .725 .&9 .363 .317 .279

Unit abbreviations as in Table 3.

The upperbeds atRice's Pitcontrain anumberof unique,
subfopical range extensions such as Tnplofusns giganteus.
Several rare elements such as Bullata oviformis, Contts
dersarhu,artdSolariellaricei are shared with the Chana-
reef faunules, and numerous new taxa and range extensions
are restricted toRice's Pit and the Deep Creek pit. Anumber
of qpecies such as Acteo n novellus which are extremely rare
in other localities are relatively common at Rice's Pit, The
three localities also contain a numberof disparateelements,
probably reflective of their varied lithologies, the Chanu
bed being a shell carbonate bioherm, the Deep Creek beds
containing acoarse, well-sorted shell sand, andtheRice's Pit
beds containing a less well sorted, slightly silty sand.

Placement in K-5 is based on the tolal faunal satistics
showing acontinued strong affinity forRushmereand older
deposits, on superposition, and on the last occurrence of a
number of species including Teredina frstula (previously
placed in Kupltns), Chlunys decerwwriw, Clitncardium
(Planicardiu,tn) virginiantn, Scaphella solitaria riceii,
Panopea goldfussi, Striarca centenarict, Chesapecten
septenorius, Anadara propatula, tnd Encope macroplnra.
Most of these axa extend into the more southern deposi-
tional basins of South Carolina and Florida, and there are
resnicted o pre-Natural Well (sfatotype Duplin) and equiva-
lent units. K-5 correlatives include the Raysor Marl and the
upper unit of the Goose Creek Limestone in South Carolina
and the "bed 10" at the APAC pit in Sarasota, Florida. These
beds also appear !o conelate with the Buckingham Lime-
stone of south Florida as originally defined by Mansfield
(1938), based on the common presence of a very large,
warped subspecies or variant, Carolinapecten eboreus
walkerensk, in the Carolinas and Florida.

Age of the K-5 beds has been given as N-19 (Akers,
1972) for beds at Rice's Pit, and 4.4 t 0.2 my if the glauconite
dat€publishedbyWard and Blackwelder(I980) from Grove
Creek came from the CL&rctruddeposits which abound at
Carler's Grove and Kings Mill. The Krantz model predics
an age of 3.7 to 3.85 my.

K.6 REGRESSION AND K-7 TRANSGRESSION

No beds are presently known which can be conelated lo
K-6 and K-7 with certainty. The faunules from the s&eam
cutbehind thefootball sadium at theCollege ofWilliam and
IVfary, may belong here, but they seem to better fit statisti'
cally with K-8 and K-9. It is also possible that Mansfield's
(194) "bed f' at Yorktown, the stratotype for the Moore
House Member of Blackwelder and Ward (1980) may fit

here (see discussion below). The Krantz model predicts an
age of 3.5 to 3.7 my.

K-8 REGRESSION: STREAM CUT BEHIND FOOT-
BALL FIELD, TIIE COLLEGE OF WILLIAM AND
MARY, WLLIAMSBI]RG, VIRGINIA, BASAL CLAY
BED

William and Mary Claybed, N= 24
R JMC CR CKP CKX RP RS ZI M

7o 25.0 50.0 50.0 83.1 91.5 75.0 62.4 45.9 54.2
Dice .042 .207 .163 .l4l .158 .140 .306 .l7l .197

Unit abbreviations as in Table 3.

At this site a clay bed dominated by Yoldia laevis
conformably underlies fresh andbrackish waterbeds domi-
nated by Corbicula, Rangia, and Ilyanassid gasropods.
Upwards through section, theseelementswereprogrcssively
replaced by marine elements, culminating in an open shelf
assmeblage which most highly correlates with the faunule in
the Chuckatuck megacrossbeds. The clay bed at William
and Mary is about 0.8 meter thick, and exceptionally cohe-
sive. Based on superposition, biostratigraphic correlation,
and paleoecology, it is here assigned to the regressive phase
K-8. The Krane model predicts an age of 3.45 to 3.5 my.

K.9 TRANSGRESSION: T}IE WILLIAM AND MARY
UPPER, MARINE BED AND TTIB CHUCKATUCK
CROSSBED ASSEMBLAGE

William and Mary, open marinebed, N = l7l
R JMC CR CKP CKX FS RS ZI M

Vo 2r.0 193 32.7 79.0 86.5 69.9 33.3 29.2 25.t
Dice .166 .251 .381 ,628 .696 .589 .465 362 .315

Chuckatuck Crossbeds, pre-reworking fauna, N = 254
R JMC CR CKP CKX RP RS ZL M

Vo 18.9 17,0 25.9 79.2 100. 63.2 24.8 24.0 23.6
Dice .185 .249 .350 .784 1.00 .657 .384 .340 .331

Unit abbreviations as in Table 3.

Faunules contained within the mega-crossbeds at
Chuckatuck initially lived in open marine conditions during
a transgressive event or a high stand, during which they
lived, died, and were reworkedby cunents into a shoal field.
Subsequent regrcssion brought ttre shoal into wave base,
creating the conditions necessary for back-shoal crossbed
tempestite deposition. The assemblage is diverse and has a
very high Dice correlarion with the Natural Well Duplin-
equivalent assemblage of the overlying Chuckawck P anope a
bed. Though diverse, the assemblage is lacking in distinc-
tive, short lived, common index species.

The open marine bed at William and lvlary shows a high
correlation wirh the Chuckatuck crossbed fauna and is also
assigned to Kr9. The Krane model predicts an age of 3.4 to
3.45 my.
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K-10 FEGRESSION: TI{E MORGARTS BEACH SILT-
CLAY AND THE CHUCKATUCK MEGA-
CROSSBEDS

MorgartsBeach,N=35
R JMC CR CKP CKX RP RS ZI M

70 r7.r r4.3 20.r 7r.4 74.3 80.6 62.9 40.0
Dice .M0 .079 .089 .170 .180 .207 .404 .2N .196

Unit abbreviations as in Table 3.

The Morgarts Beach silts and clays fill an extensive
basin or sound to the west of the topographic high provided
by the Chuckatuck bar (Coch, I 968). Field relationships and
superposition physically equate the Morgarts Beach and the
Chuckatuck mega-crossbed facies. An older age, suggested
by faunal statistics, isratheraresultof long-term stability in
the Mio-Pliocene silt-clay assemblages as discussed above.
The mega-crossbeds are impressive. Beds dip as much as 35
degrees and are graded both vertically and laterally. As
much as 6 meters of vertical relief was exposed above lake
level, and based on the depth of characteristic sediment, may
have had as much as 15 meters relief (Campbell, 1976).
Proponents of the strucnral model suggest that the crossbeds
have been tilted subsequently, but elsewhere the reversed
dip remains less than 5 degrees, leaving a primary compo-
nent of dip in excess of 30 degrees. Individual crossbeds
were deposited episodically, probably as storm deposits or
tempestites. Acombination of dense sedimentpacking and
the frequent addition of new beds limited successful inva-
sions of thecrossbed sedimentby mostinfaunal species. The
only pervasive infaunal element consists of callianassid
decopod Ophbmorplw burrows. About midway along the
north wall of Crane Lake (Chuckatuck pit), one crossbed
contained a small population of fully adtitPanopea reflexa
md Margaritaria abrupta, two species of large, deep bur-
rowing bivalve mollusks. Their success indicates a period
ofseveral years, or even decades, before deposition of the
next crossbed. A smiliar invasion of the endolithic pholad,
Cyrtopleura arcuata,was observed by Warren Blow ( 1980,
personal communication) in an area subsequently mined
out. Therefore, the time interval between deposition of
individual crossbeds was normally sufficient to allow inva-
sion by callinassid burrowers, but typically less than that
necessary for colonoization by large, infaunal bivalves.
Shoal epifauna included Ostrea sculpturatareefs and enor-
mous colonies of Crepidula fornicata, some preserved in
original stacks of 10 to 20 individuals. Typical crossbed
faunules contain both contemporary shoal-crest epifauna
and reworked K-9 elements eroded from the shoal.

The Morgarts Beach sound deposition varied from
thick, apparently anoxic clays with no indigenous faunal
content to silt and silty sand deposits typifyied by the
sfratotypebeds atMogarts B eacht . Muliniacange$aabounds
at Days Point and elsewhere within the unit.
The Krantz model predicts an age of 3.35 to 3.4 my.

t. I find no published explanatio for the extra "r" in
"Morgatrts", but that usuage is consistent in Ward and
Blackwelder (1980), and in all subsequent literature. Topo-
graphic maps give the locality as "Mogarts".

K-ll: CHUCKATUCK IJPPERMOST Panopea BED,
ROCK WHARF NEAR SMITHFIELD, AND T}IE IJP-
PERMOST BED AT RICE'S PIT

Chuckatuck Panopea bed, N = 259 taxa
R JMC CR CKP CKX RP RS ZI M

vo 18.9 13.9 24.3 100. 77.6 59.3 22.4 2r.6 20.r
Dice .187 .205 .330 1.00 .784 .622 .348 .308 .283

Rock Wharf near Smithfield, N = 199 taxa
R JMC CR CKP CKX RP RS ZI M

Vo 18.6 16.1 28.1 81.3 83.4 66.6 27.6 n.I 27.6
Dice .16O .220 .348 .707 .733 .6ll .403 .355 .358

Uppermost bed, Rice's Pit, no assemblage data available.
Unit abbreviations as in Table 3.

This uppermost Yorktown transgtession is character-
ized by an increased species richness, and by a considerable
number of rare, tropical and subtropical elements restricted
to, or more characteristic of the Natural Well, North Caro-
lina, and the Tearcoat Branch, South Carolina faunules.
These elements include Extractrix Inerlei, Coralliophila
le o ne ns i s, Ao r o tr e tra c i s tr o niwn, T r i go rn s to ma c ar ol iru n s is,
Tritonoharpa floridana, and Cyclostremiscus schmidti.
Although the Rock Wharf assemblage shows a slightly
grcater affinity for the K-9 Chuckatuck crossbed fauna, by
superposition it overlies the crossbed-equivalent Morgarts
Beach silt-clays and clearly reflects a return to open shelf
sediments and faunas. The Panopea bed, uppermost fossil-
iferous unit, west wall of the Chuckatuck pit, is by
superposition, the youngest Yorktown bed at Chuckatuck.
Its diverse fauna and clastic sediments indicate a return to
open shelf conditions, but the unit was to some degree
protected by the now well-submerged crossbed unit. The
conlact with the crossbeds is conformable, dipping to the
west. It is probable that the densely packed crossbed unit
provided a hard ground for epibentic sponges, soft corals,
ascidians, and other "live bottom" species which rophically
supported the exceptional molluscan diversity. However,
the crossbed conhct is not extensively burrowed, as is
typical of limestone and phosphatic hardgrounds in the
Carolinas.

The uppermost bed at Rice's pit was less than a meter
thick and was quickly mined out in the early 1960's (Druid
Wilson, 1980, personal communication). Its fauna is poorly
known, being represented in Smithsonian collections by a
few unusual taxa such as Corbicula densata and Anadara
staminea. By superposition and subtropical elements, it may
represent a K-11 Panopea bed equivalent, or it may repre-
sent the last depositional episode of K-5, the more familiar
upper Rice's pitbeds. The Krantz model predicts a K- 1 1 age
of 3.2 lo 3.4 my.

K-13 TO K-15: THE CHOWAN RIVER BEDS

Deep Creek Pit Chowan River beds, N = 133
R JMC CR CKP CKX RP RS ZI M

7o 21.0 30.1 38.3 47.6 55.6 43.0 2r.r 2r.8 28.5
Dice .l4l .356 .398 .327 .382 .311 .27r .244 .315
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Chowan River sftatotype beds, N = 123

R JMC CR CKP CKX RP RS ZI M
Vo 32.5 43.1 100. 51.2 &.4 43.3 r8.7 27.1 30.r
Dice .207 .493 100. .330 .350 .298 .234 .298 .320

Unit abbreviations as in Table 3.

The lower beds of the Chowan River Formation at the
Deep Creek pit contain an odd combination of armored
mudballs indicative of surf and marsh clay erosion in a
littoral rnne, a reworked Yorktown component including
Ecphorafragments, an estuarine and fresh water component
including elongate Crassostea virginica and paired Cpr-
bicula densata, anda reworked Chowan River assemblage
including concave down, densely packed valves of a large,
flat subspecie sof Carolinapecten eboreus. In this complex,
the only paired, in-place element is the freshwater Cor'
bicula. The taphonomy of the unit is complex, culminating
in the admixture of several biotopes in a river bed deposit.
Overlying th e Corbicula complex in the northern part of the
Deep Creek pit are Pleistocene sands containing a shallow
water, Late Pleistocene marine assemblage (Spencer and
Campbell, 1988). About 50 meters [o the south, the Cor-
biculacomplex is overlain by a morediverseChowan River
fauna dominated by Anafur a aequic o st ata and N oe tia limula,
but also containing many species not found in the eadier,
reworked Chowan River component of the Corbicula com'
plex,

The reworked marine.Chowan River component is
assigned to K-13, the littoral, estuarine, and fresh water
components to the K-14 regression; andtheAnadara-Noetia
beds to theK-I5 ransgression. The ChowanRiverbeds were
placed at about 3 million years by Ward and Blackwelder
(1980: 4), at about 2.5 million years by Blackwelder (1981:
2),at2- 2.5 million years by Cronin and others (1984: 40),
andabout2.l million yearsby Krantz (1991). Blackwelder
(1981b) reports a uranium date of 1.9 my from corals
collected from theEdenhouse Member of theChowan River
Formation. Cronin and others (1984) stress that the coral
dates should be taken as minimum rather than as exact
dating. Correlation to K-13-K-15 of the Krantz model
predicts an age of 2.8 to 3.0 my.

TheChowanRiverisplaced in K-13 o K-15 becauseof
the molluscan extinction rates and the high affinity for the

older, Yorktown faunas. The molluscan data set for the
Virginian Chowan River is composite, and shows only 2lvo
species extant and nearly equal Dice affinities for the
Chuckatuck crossbed fauna and for the stratotype Chowan
Riverbeds. With thereworkedYorktown component, it may
be argued that the extinction levels are biased. However, the
Chowan River statotype in North Carolina gives little
evidenceof reworking. Itspublished faunaof 123 molluscan
species has only 325Vo extant species. These numbers
conEastwith theLowerWaccamaw K- 17 faunas which have

38.67o exant species and the Upper Waccamaw K-19-21
faunas which have 48.27o ex[ant species. The lower
Waccamaw shares 45.47o species in common with the
subjacent Natural Well Duplin; in contrast the Chowan
River stratotype faunas share 64.4 7o with the uper Yorkown.
Consequently, I conclude that the Virginia and stratotype

ChowanRiverbeds areolder than the K- 17 lowerWaccamaw.
In the Krantz model, K-13 and K-15 are the only ransgres-
sions compatible with superposition and faunal statistics for
the Chowan River and Lower Waccamaw assemblages.

Krantz (1991) had correlated the Moore House Yorklown
with K-13 andK-15 on thebasis oftheWardand Blackwelder
model and ages reported in Cronin and others (198a: a0).

That age assignment needs to be reassessed in light of the

evidence provided here.
The beds above the black layer at the APAC pit in

Sarasota, Florida contain characteristic molluscan species

for both the Caloosaharchee Formation and for the older
Fruiwille (Pinecrest) Formation. This intermediate zone

may be a Chowan River equivalent.

K-17: TIIE WARD AND BLACKWELDER (1987) UP-
PER PLIOCENE AT AURORA, NORTH
CAROLINA

Aurora upper Pliocene, Bed B, N = 89
R JMC CR CKP CKX RP RS ZI M

vo 42.7 41.6 56.2 44.9 43.7 47.3 r5.7 20.3 3r.5
Dice .2r5 .4W .472 .230 .227 .205 .r72 .186 .284

Beds C, D, E, N = 138
R JMC CR CKP CKX RP RS ZL M

Vo 39.S 36.2 &.0 36.2 33.4 27.7 l0.r 14.5 2r.0
Dice .274 .435 .475 .252 .235 .205 .132 .t'65 .236

Unit abbreviations as in Table 3.

The upper Pliocene beds at Aurora North Carolina,
were monographed by Ward and Blackwelder (1987) who
documented 89 species of molluscs from a lowerbed (Bed

B) which they assigned !o the Chowan RiverFormation, and

138 species from Beds C-E which they assigned to the
younger James City Formation. The statistical summaries of
their Aurora faunules reveal little internal differences be-
tween beds B and C-E, a conclusion reached independently
by Lyons (1991, p. la8). Beds B-E appear to be subpopu-

lations of a single fauna. Additionally, the Aurora beds are

not statistically compatible with either the James City or the

Chowan River stratotypes. The James City Formation in the

type area has 47.87o exhnt molluscs, a number closely
compatible with the 48,2%ofor the upper Waccamaw (K- 19-

21). And as noted above, the stratotype Chowan River fauna
has32.S%oRwent species. At42.77o and39.87o, the Aurora
faunules fall in between, but are very
compatible with the 38.67o extant species of the K-17 lower
Waccamaw. I conclude that the Aurora upper Pliocene is

biosratigraphically conformable with neither the Chowan
River nor with the James City Formation, as defined by their
stratotypes. Whether it should be included within an ex-
panded concept ofeither formation, or be separately recog-

nized is a subject for funrre study.
Blackwelder (19Slb) reports uranium coral dates from

the "Chowan River" a Aurora as 2.4 my. This is completely
compatible with the Krantz model K- 17 pulse which predicts

2.4n2.6my.
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K-19 TO K-21: TIIE JAMES CITY BEDS

James City Formation stratotype area beds, N = 92
R JMC CR CKP CKX RP RS ZI M

% 47.8 100. 57.8 39.1 46.8 36.r t7.4 20.7 32.6
Dice .247 1.00 .495 .2Q5 .249 .203 .193 .193 .300

Unit abbreviations as in Table 3.

These youngest of Pliocene beds in the Yorktown
depositional basin are known only fiom North Carolina.
They were initially called the Croatan beds by Dall, 1892.
Ilazel (1983, p. 85) has called aftention to the action by
lvlacNeil ( 1938) designating a type ssection and formalizing
the formation concept, making the Croatan Formation an
earlier, valid usuage synonymous with the James City
Formation of DuBar and ottrers ( I 974). However, the James
City has acquired prevaitng usage and its use is here
continued. The James City, upper Waccamaw, and upper
Caloosahatchee faunas were contemporaneous, and subject
to the same extinction event. This extinction eventcan now
be dated in southern Florida as pre- 1.5 million years (Lyons,
1991). Consequently, the younger published coral dates of
l.l and 1.4 my for the James City (McCartan and others,
1982, p. 339) are either minimum dates or were based on
youRger, admixed Bermont-aged corals reworked with
James City beds . Cronin and ottrers ( 1 984) report planktonic
foraminiferal zone N-22 to N-23 species and NN- 19 calcar-
eous nannoplankton zones for their "lower James City".
These equate with an age of 1.6 to 1. 8 my. The Krantz model
predicts K-17 ages of 1.9 to 2.1my.

PREYIOUS STRATIGRAPHIC MODELS FOR THE
YORKTOWN FORMATION

MANSFIELD MODEL

The larger zonation scheme of Mansfield (1929 ,1944)
of a lower, or zone l, Placopecten clintonius zone, and an
upper, or Zon e 2, Turritella altico stata mne remains inlact.
However,lvlansfield's subdivision of 7,one 2 requires revi-
sion, Mansfield's model is as follows:

Biggs Fann with Duplin species
Upper typical T-one2 Yorktown-beds at Suffolk
Middle 7-one2 Yorktown-all fragmental beds
Lower Zone 2 Yorktown-Chama beds.

Of these, the Biggs Farm faunula contains Canas
adverssius which in Virginia is known only from K-5
Rice's Pit and equivalents. Mansfield states that the beds at
Suffolk contain "Pecten jffirsonius Say (having 8 or 9
ribs)." Associated with Tnne 2 components, this citation is
most reasonably explained as a misidentification of
Chesapecten septenarius, which apparently became extinct
following the K-5 transglessiort. Mansfield's "beds a[
Yorktown" ( I 944: 8) include the fragmental bed, bed f or his
figure 3, which is also the saatotype for the Moore House
Member of Ward and Blackwelder, 1980. Support for a
pobable K-6 age is discussed in the next section. Manfield's

Clwrrulrrds are indeed lowerZnne2,belonging to K-4 and
K-5.

\ilARD AND BLACI(WELDER MODEL

A single Yorktown transgressive-regpessive cycle is a
model which; although endorsed implicitly or explicitly by
numerous authors (Mansfield, 1929, 1944: Hazel, l97l;
Campbell and others, 1975; Ward and Blackwelder, 1980),
is now untenable. This single cycle model is well stated by
Ward and Blackwelder (1980: 3l-32), and their proposed
lithostratigraphic members were initially drawn from stages
in the development of that cycle (Figure 3).

However, members must be lithostratigraphic subunits
of a formation. Like formations, they may consistof a single
rock type, or of a complex of lithologies bounded by
recognizable scarlls, terraces, disconformities, or other map-
pable contacts . The?nne2 member stratotypes proposed by
Ward and Blackwelder lend ftemselves to apparent litho-
logic definitions: Rushmere silty sands, Morgarts Beach
clays, and Moore House fragmental beds. However, in
practiee, the three members have been treated as sedimen-
tary packages ofdiverse lithologies representing areally or
stratigraphically distinctdepositisn. Forexample, the "Moore
House Member" was stated to be found exclusively east of
the Surry Scarp (Ward and Blackwelder, 1980: 45).

Krantz (1991) has corre.lated these four members to his
oxygen isoope model, assigning the Sunken Meadow to K-
l, the Rushmere and Morgarts Beach to K-3 through K-l1,
and the Moore House !o K- 13. He also assigned the Chowan
River beds to K-19, and the James City beds to K-21. Of
these, K- 1 equivalency with Zone 1 or the Sunken Meadow
Memberis clear. However, theRushmere statotype section
narrowly defines the K4 regression. Therefore, the
lithostratigraphic conceptof the Rushmere Member should
be restricted to that part of the Yorktown section actually
represented by the stratotype.

The Morgarts Beach is a valid, Iithologic member when
applied to K-10 sils and clays which accumulated west of
the Chuckatuck topographic high. However, bar-and-sound
deposition also occurred during at least three differentTone
2 regressions, and indiscriminiae lumping of laterally and
biosradgaphically incoherent Yorkoown 7"ane 2 silt-clay
beds into a pervasive Morgarts Beach Member should be
avoided. Ward, Bailey, and Carter (1991) now map *re
Chuckatuck bar crossbeds as part of the Morgarts Beach
member, an action which further suggests time-rockrather
than lithologic definitions.

The Moore House Member is concaptually muddled.
Ward and Blackwelder (1980: 44-45) described a Moore
House stratotype section containing one melerof fragmental
sand and three meters of tan, clayey, highly calcareous sand.
However, ttreir figure 20, a phoograph of the type section,
assigns the three meter bed !o the Morgarts Beach member.
No taxa from the stratotype are identified to species. Fortu-
nately, these beds are well described and figuredby lvlansfield

Q94a; p. 10, figure 3). The upper, fragmental sand is
lvlansfield's bed f, and the subjacent clayey sand is bed e.
ldansfield's sketch shows beds a-d with reversed dip (back'
shoal or horst), a silt bed accumulating behind the topo-
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graphic high, and a high energy fragmental bed capping the
Pliocene sequence. Planuion of the top of beds a-d can not
be attributed with certainty to the bed f fragmenting surf
event, although that scenario is compatible with field rela-
tions. lvlansfield's beds a-f are all predictable facies of the
sedimentary model (figure 2) drscussed earlier. According
to Mansfield's faunal lists, beds a and b contain Oliva,
Chlamys decemrwrius, Clinacardium virginianum and
Knphus calamus (= Teredina fistula), while bed c adds
Striarca centenaria. These taxa are all compatible with
up'per Rice's Pit and conelative K-5 faunas (Table 5). If the
bar (fragmental) and sound (clay) deposition (beds f and e)
accumulated behind the topographic high refleted in beds a-
d, then they arebestassignedto the K-6regression. lvlansfield
(1944) reported that beds younger than bed f were found 2
l2 miles above (west) of Yorklown. He gives a list of 16
long-ranging species including no definitive index species.
However, the list appears compatible with the fauna at the
nearby Zook's Pit. The Zook's Pit species rcmain imper-
fectly documentpd. The faunula is somewhat similar to that
in the K-9 Chuckatuckmossbeds, but Johnson ( 1972) reports
a nqmber of species from Zook's pit (Appendix 2, column
E), including Panopea goldfussi md " C hlarnys jeffersonius"
which, as noted above, is a commonly used name for
Clwsapecten septenarius in zone 2 beds. Both of theso taxa
apparently became extinct at the end of K-5 to K-6 and are
not part of the Morgarts Beach K-10 regression fauna. I
conclude that the Moore House sEatotype Oed f) most likely
belongs to K-6 and its underlying clay bed does notbelong
totheMorgarts Beach member. Judging from Mansfield, the
sratotype (bed f) should, be superposition, be older than, or
equal tc the age of the beds atZook's pit. Ward, Bailey, and
Carter (1991) state that Chesapecten septenarius became
extinctprior to Moore House ttme, Chesapecten septenari{s
definitely became extinct prior to the uppermost Yorktown,
but the Moore House, defined by its stratotype, is not the
uppennost Yonktown.

Consequently, the Rushmerd, Morgarts Beach, and
Moore House members are not pervasive, singleJithology
units. nor do their straotypes define broadly encompassing
unis of Yorktown time. Their characteristic sediment types
recur frequendy through the Yorktown section, Furtlrcr, as

presently applied O sediment packages, they are non-cohor-
ent when examined against the Krantz model and against
detailed sedimenalogic and biostnatigraphic sadstical analy-
ses. Howcver, they may be potentially mappable if defined
narrowly in terms of their stralotype sections. Such action
leaves the K-3 beds at Aurora, North Carolina, and the K-9
!o K-l I beds without formal member designation.

PREVIOUS BIOSTRATIGRAPHIC MODEL FOR
THE COAST PLAIN

Blackwelder (1981) proposed two superstages, four
slages, and four subsages for the Pliocene and Pleistocene
of the Atlantic Coastal Plain of Virginia and the Carolinas,
based on the range zones of 102 molluscan specios,
Blackwelderrecognized six molluscann of "M-" zones which
were defined as interval zones. The range zones were
documented from "several hundred samples from the re-

gion" (Cronin and olhers, 1984: 30), and the data set was
apparently based entirely upon the results of those samples.
This approach has its merits, but while impressive of scoae,
it ignores the much larger body of data to be found in the
literature. Of the 102 species in thesurvey,2T hadpublished
ranges grea0er than or different from those cited by
Blackwelder.

Another difficulty is the use of interval zones to span
major unconformities. Stages and zones are Time-Rock,
rather than Time units, and should properly be resFicted to
depositional events. Chronosratigraphic "zones" in coagtal
plain sequences are oxymorons. Specifically, M-6, the firsl-
appearance-of- C lrc s ape c te n i effer s onizs-tefi rst'appearance-
of-Clrcsapecten madisonius znne (lvlansfield Zone I, or
Kranrz K-l @gure 1) is also said to be the range zone of
Chesapecten jeffersonius. However, Chesapecten
jeffersonfus isnow known torange into K-3 whereitoverlaps
Chcsapecten madisonius. M-5, the first-appearance-of
C he s ap e c te n madiso nius -to-first-appe annce'of-N o e tia
limulazoneencompassesallof Mansfi eld's7-oneZ,plusthe
unconformity up to the Chowan RiverFormation. M-5 may
now be subdivided into at least four or five Yorktown index
zones. M-4, the Gouldian stage, or the first-appearance-of'
N oetia limula-to-last-appearance- of-Gly cymeris subovata
zone included the Chowan River Formation and the Bear
Bluff Formation. Ward and Blackwelder (1987) changed
their Gouldian Glycymeris snbovata n Glycymeris hurnmi.
However, the Bear Bluff Formation of DuBar and others
(1974) is a composite of several disparate unitsranging from
K-5 to K- 1 7. The sraotype Bear Bluff section is exclusively
K-5, making it synonymous with the Goose Creek Lime-
sone (M. Campbell, 1991). The K-17 beds included by
DuBar (1987) in the upperBear Bluff contain a Waccamaw'
related fauna here considered o be Lower Waccamaw. M-
3, the Windyan Stage, or last-appearance-of'Glycymeris
s ubov at a (G. hwmi}-lolfir st-appearance{ f ' Anadara ov ali s
is anomalous in that the zone is said o be characterized by
theabsenceof its two indicatorspecies. Howevern thecarlier
published rec ords of Anadaraovcfts in the upper Waccamaw
are confirmed by Charleston Museum collections. This
necessitates the alteration of the name or the change of
concept for M-3, M-2, and M-l,the Anafura ovalis range
zone, the Noetia limula-Anadara ovalis interval zone, the
Glycymeris snbovata-Anadara ovalis inwvalzone, and the
Anadara ovalis-Anadara basiliana interval zone.

Taken ogether, their numerous range and stratigraphie
discrepancies lessen the utility of the M-zones' Given the
conlinued stratigraphic and biosratigraphic refinements
taking place in Atlantic Coastal Plain studies, proposing a

new ormodified stage system wouldpresently beprematuro.
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SYSTEMATIC PALEONTOLOGY

INTRODUCTTON

Generic descriptions are quoted with permission from
Keen (1971) or Abbott (1974), supplemented by original
definitions as needed. Authorship of genera is provided, but
authorship of Family and higher systematic levels is omiUed.
The type species of the genus is provided only when the
species was originally described from the Yorklown or
ChowanRiver, orif it is based on aspecies occurring in these
beds. New generic descriptio-ns use normal prose rather than
teleological style for consistency with Abbott (1974) and,

Keen (1971).
Information contained wittrin the "Synonyms" category

is based on a review of over 1500 books and articles covering
theEocene, Oligocene, Miocene, Pliocene, Pleistocene, and
Recent molluscs found between Iceland and Texas. A
complete stratigraphic synonymy for the Miocene to Pleis-
tocene molluscs of the Atlantic andGulf CoastalPlains is in
progress, and is not provided here. "Synonyms" therefore
make no attempt to document a complete synonymy for each
species., but as here used, it includes synonyms proper, plus
junior and senior homonyms, various misspellings,
misidentifications, and some of the more obsure generic
assignments. The terminology "non" is used for homonyms,
and "not of' for misidentifications.

A brief description or comparison is provided for each
species. For brevity, species description are given in teleo-
logical style. Focus is on the detail necessary o separate the
species from others within the Yorktown or Chowan River
faunas, but further comparisons may be made with closely
related fossil andRecent species within the Western Atlantic
realm as thought appropriate. Size data is provided in both
comparative and specific fashion. For consisCancy, the
following comparative terminology is used: "minu!e" is <5
mm; "very small" is 5 lo 10 mm; "small" is ll o 25 mm;
"moderate" is 26 to 50 mm; "large" is 50 to 100 mm; and
"very large" is > 100 mm. Comparative size data is based on
the maximum dimension of an adult specimen. Specific size
information is provided for the figured specimens. Measure-
ments were variously made with a millimeter ruler, with
calipers, or with a measuring microscope.

Locality data is generalized, being summarized from
the literature or from unpublished collections. Sources for
specific localities can mostly be found in Campbell and
others (1975). Specific locality data for the figured speci-
mens and for the original type of the species are given in plate
descriptions and in Appendices IV and V. Discussion
follows locality data when necesszrry.

PHYLUM MOLLUSCA
Class Bivalvia
Subclass Palaeotaxodonta
Order Nuculoida
Superfamily Nuculacea
Family Nuculidae

Genus Nucula Lamarck' 1799
'Beaks opisthogyrate; internal ligament in a resilifer; shell
material nacreous" (Keen, L97 l:26).
Subgenus Nrcrlc s. s.

"Inner margin of shell crenulate, reflecting the presence of
radial ribs in the middle or outer layers" (Keen, l97l:2,f).

l. N uc ula diaplnnaH. C. Lea, I 843. S hell small and broadly
oval in outlin e. Tnne2,Petersburg and Chuckatuck. I-ength
2.5 mm, height2.l mm.

2. N ucula prortma Say, 1822 (Synonym: N ucula obliqua
Say, 1820, non Lamarck, 1819). Shell outline triangular,
beaks forward of midline; hinge strong; ligamenal pit large.
Largest of the YorktownNr cula. Tnnes I and 2, ubiquitous;
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Chowan River deposits at Chesapeake. Length 7.2'l mm,
height 6.20 mm. N. proxima is most abundant in silt-clay
sediments , but is present in all deposits. For a more complete
discussion of this species seeWard and Blackwelder (1987).

3. Nacula dolabella H. C. Lea, 1843 (Synonym: Nucula
dallabella (sic) H. C. Lea of Langdon, 1889). A small,
teardrop-shaped shell; snongly infl ated, resembling a smmth
Cr e ne ll a;hinge teeth minu te. T,rrine 2,Petersburg, Hampton,
Chuckatuck, and Chesapeake. Length 2. I 3 mm, height 2.8 8
mm.

4. Nucalataphria Dall, 1898 (hobable synonym: Nucula
tenuis Montagu of Dall in Shaler, 1890, not.of Montagu,
1808). Shell small, very solid; beak angle sharp; sculprure
of srongly impressed concentric lines. Tnne Z,Chackatuck
and Chesapeake. Length 3.67 mm, height4.8 mm.

Superfamily Nuculanacea
Family Nuculanidae

Genus Nueulana Link, 1807
"Posterior end pointed, posterior or dorsal margin curved;
pallial sinus small and roundedn' (Keen, I97l:28).
Subgenus Saccella Woodring, 1925
"The shell, which is shaped like the classic grecian lamp, has
strong regular concentric ribs throughout" (Keen, 197l:29).

5. Nuculana acuta (Conrad, 1832) (Synonyms: Iada
cunedta Sowerby, 1832;Nucula carinata H. C. Lea, 1843,
non M'Coy, lM4; Izda jamaicensis Orbigny, 1846; lzda
inortwta 4,. Adants,l856; IzdauncaGould, 1862). Asmall,
pointed shell with very even, fine concentric ribs. Zone 1,
Middlesex County andWilliamsburg ; Zone 2, Pelersburg,
Williamsburg, Yorktown, Ilampton, and Chuckahrck. Length
9 mm, height 4.2mm.

6. Nuculana hypsona(Dall,7898). Shell small, withrather
wide, even, concentric ribs ; rostrum short, gaping at the end.
Chowan RiverFormation at Chesapeake. Length 4.27 mm,
height 2.41mm.

Genus Yoldia Moller, 1842
"With a posterior gape, ligament external in most, internal
in a few" (Keen, 1971:35).

7 . Yoldia laevis (Say, I 82) (Synonyms: N ucula laevis Say,
1824, non Sowerby, 1839, or Sandburger, 1842; Nucula
acudens H. C.I*a, 1843: Nucula limatula Sai of Conrad,
1845, not of Say, l83I; I-eda pygmaeaMaenster of Meyer
l888,notof Muenster, 1835). Shell small to medium in size,
elongate, thin, very smooth and shiny. Hinge line very long,
taxodont, tightly interlocking (paired fossil valves not un-
common). Ligament internal. 7nne2, Greensville, York,
Surry, and Isle of Wight counties; Williamsburg, Suffolk,
Chuckatuck, and Chesapeake. Length 23 mm, height ll
mm. This is the only smooth nuculanid in the Yorttown
fauna. The species varies greatly in maximum size attained
at individual localities, the largest specimens coming from
Rice'sPil Theholotype of N ucula acutidens was compared
with the figured specimen. It was based on a small hinge

fragment from a right valve. Otto Meyer's record of the
European species,Izda pygmaea,appearsfrom his figure to
be a juvenile Yoldia laevis.

Subclass Pteriomorpha
Order Arcoida
Superfamily Arcacea
Family Arcidae
Subfamily Anadarinae

Genus Arwdara Gr ay, l8{l
*Radial sculpture regular; valves tightly closing; without a
byssal gape" (Keen, I97l:42).

Subgenus Azadard s. s.
"Hinge leeth in a continuous series of uniform size; ligament
amphidetic" (Keen, I97 l:42).

8. Anadara callicestosa (Dall, 1898) (Synonym: Anadara
c alli c e sto s a wilsoni Gardner, 1944). Shell thin, squarish in
outline, and well inflated. Radial ribs numerous, ribs
smooth or beaded. 7nne2, Chuckatuck. Length 25 mm,
height 20 mm (dimensions are given for the adult holotype;
l0 mm juveniles are more common at Chuckatuck.)

9. Anadara carolinensis (Dail, f 895). A large, squarish,
heavy ark with about 30 ribs. A rare species, and specimens
always seem eroded. 7nne2,Surry and York counties, and
Chuckatuck. Length 56 mm, height 55 mm. Ward ( 1 992:55 -
56) makes aplausibleargumentforthe true Arca carolinensis
"'Wagner" of Dall, 1895 being from Virginia and pre-
Yorklown, but his assignment of an Eastover type locality
for his 'h@type" presumes an equation which can not be
made wittr certainty. If USNM 149020, the designated
neotype, is accurately labled as comming from Wagner's
type lot, then it was collected before Dall's birth, and the
premise that Harris and Dall were collecting Eastover spe-
cies at Bellefield above Yorktown around 1890 has no
bearing on the provenance of the specimen. However,
I prefer to give Wagner the benefit of the doubt, believing
that his specimens came from the Yorktown Formation in
North Carolina, as the name indicates, and that A. carolinensis
may or may not be conspecific with the Eastover popula-
tions. This whole complex could benefit from a quantitative
morphometric analysis. I do conceed that Wagner's locali-
ties for certain other species were without doubt badly
scrambled as documented by Ward ( 1 992), and the question
could go either way. Specimens reasonably marching the
figure in Dall (1898) do occur in the Yorktown of Virginia
and North Carolina, and similar sp,ecimens from the Jackson
Bluff Formation of West Florida were named Anadara
idonea alwrunsis Mansfield, 1932 and Anadara idonea
lwrveyens is tvlansfield, I 932. A vigorous quantitative analy-
sis will be necessary to resolve the question.

Ward (1992:54-55) erects a new genus,Dallarca(typ
Arca idonea Conrad, 1832), and includes A. carolinensis
within that genus. The genus concept as used by Ward is
frequently more narrow than that used in this study. In my
opinion, such arcid morphologies belong in Anadara,bat
Dallarca might well prove to be a useful subgenus.
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Subgenus Gmnoarca Conradr 1862
A large, compressed ark with the hinge teeth becoming
granular distally.

10. Anadara propatula (Conrad, 1844) (Synonym: Arca
ftians Tuomey and Holmes, 1856, non Braun, 1842; non
Reeve, 1844). The strong ribs, posterior expansion, and
lateral compression are distinctive. 7.one 2, Petersburg,
Ilampton, Williamsburg, and Gloucester. Length 75 mm,
height38 mm. Mostauthors haveplaced Anadara propatula
in B arbatia,but Bird (1965) argues convincingly for place-
mentin Anadara. Dall (1898a) twice notes thatArca hians
is preoccupied, but atrributes authorship to "Brown, 1842"
(p. 615) or to "Bronn, 1842* @.6n\. I appreciate R. E.
Petit's nacking down the actual homonym. A nadara propatula
appears to have become extinct prior to the end of Zone 2 and
may be useful as an index to lowerZone 2 deposits.

Subgenus larklnia Reinhart, 1935
"With the hinge teeth sloping differently at the end than in
the center, converging at the ends" (Keen, l97l:48). Bird
(1965) synonymized the following tlven Larkinia with the
Recent Anadara transversa (Say, 1822). They are here
treated as morphologically and stratigraphically distinct.

ll. Anadara improcera (Conrad, 1845). Shell small, very
rectangular, and laterallycompressed. Zone2,Williamsburg,
Yorktown, Chuckatuck, Hampton, and Chesapeake. Length
23 mm, height 16 mm.

12. Anadara improcera buccula (Conrad, 1845). The
subspecies differs by being smaller overall, less elongale,
and more inflated. Intergrades exist. Zone 2, Hampton and
Chuckatuck. Length 13 mm, height 10 mm.

13. Anadara aequicostata (Conrad, 1845) (Synonyms: Arca
plicatura, Arca brevidesma, Arca lineolata, and Arca
subsinuata, all Conrad, l8y''S; Arca sublineolata Orbigny,
1852 (substitute name for Arca lineolata Conrad, non
Roemer, 1836)). This species is consistently larger and more
inflated 0ran any Re*ent Anadara tansverco. In Virginia,
Anadara aequicostata appears restricted to the Chowan
River beds in Chesapeake. Length 43 mm, height 38 mm.

Subgenus Sectiarca Olsson, 1971
Shell valves equal in size, ribs gpooved in both valves.

14. Anadara tienosa (Say,l83 1) (Synon yms: Arca protracta
Rogen and Rogers, 18371' Scaplnrca tripheraDall, 1898).
Shell very large, strong, rectangular; with 26-30 strong,
normally grooved, radial ribs beaded by fine concentric
raised lines. Radial sculpture iregular over the posterior
slope of the shell. Young shells (A. triplrcra) may have a
central depression in the umbonal area and lack the grooving
of the ribs. Zone 2, hince George and James City counties;
Yorktown, Chuckatuck, and }Iampton. Length 78 mm,
height 47 mm.

Anadara arata (Say, 1824) from the pre-Yorktown
Eastover Formation superficially resembles A. lienosa,bat
the grooving is less distinct and the shell appears to be less
elongate. Ward (1992, pl. 1, fig. 5) illustrates a specimen of

A. ardtd and provides a good discussion ofthe species.

Subgenus Cunearca Dall, 1898
"sculpture on one valvemarkedly differentfrom thaton the
other" (Keen, 197 l:44).

15. Anadara staminea (Say, 1831) (Synonyms: Arca
scalaris Conrad, 194{; not Arca staminea Sty of Glenn,
19$ (= Anadara elevatd (Conrad, 1840), see Ward, 1992,
for discussion)). Shell large, squarish, with 20 w 24 very
heavy, beaded ribs. Beaks cenral and very high. Zone 2,
Petersburg and Hampon. Length 38 mm, height 38 mm.
This species is common in the mid-Pliocene beds of South
Carolina and Florida, but is exceedingly rare in Virginia.

Subfamily Sriacinae

Genus Striarca Conradr 1863
Rectrngular, well-inflated arcids with sculpture of fine
radial striae.

16. Striarca c entenaria (Say, f 824). Shell of medium size;
beaks rounded, slightly an&erior; sculpture of fine radial
threads. Juvenile specimens laterally compressed; adults
very inflated, resembling a small, broad-beamed ark. Zone
l, Surry and James City counties; Zone 2, Isle of Wight and
James City counties, Petersburg, Williamsburg, Yorktown,
and Hampton. Length 34 mm, height 23 mm. This common
species is frequently reforred to Barbatiaintheolder litera-
twe. Striarca centenaria is especially abundant in Zone I
and lower Zone 2 assemblages, being a conspicuorts member
of the Clwru reefs. It apparently became exdnct pnor to
upper Zone 2 deposition.

Genus QudritateraDeshayes, 1860

-. 
Qwfuilatera adamsii (Dall, f 886). See Appendix II.

Family Noetidae
Subfamily Noetiinae

Genus NoetiaGray,1857
Beaks high, forward; ligamental area transversely sriated;
ribs fiequently divided.

17. Noetia incile (Say,l8Z) (Synonyms: Eontia incile
nunsfieldi, Eontia incile suffolkeirsls, and Eontia incile
yorlrcnsis,allMacNeil, 1938). Medium sized ark shells with
a very characteristic "tutkey wing" outline. Tane2,Isle of
Wight County, Petersburg, Williamsburg, Yorktown,
Chuckatuck, Suffolk, Hampton, and Chesapeake. I*ngth26
mm, height l0 mm.

18. Noetialimulc (Conra4 1832) (Synon yms: Arcalimatula
Emmons, 1858; Noetia carolinensis Conrad, 1862.) Large,
rectangular shell with strongradialribs. Beakshigh, pointed,
near anterior of shell. 7-one2 ?, l{ampton; Chowan River
beds at Chesapeake. Length,52 mm, height 34 mm.

l8a. Noetia tigintiuria (Conrad, 1863) (Synonyms:
Noetia protexta (Conrad, 1873); Noetia filosa (Conrad,
1873); Noetia rigintinaria (sic) of Owens, 1992). Shell of
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medium size, resembling Noetia incile b$ much larger,
proportionally less inflated, and more truncated posteriorly.
This is a common species in mid-Pliocene beds of South
Carolina and Florida, but I have not seen a Virginia speci-
men. Reported from Zone 2, Southampton Counrt (Maci{eil,
1937), and ftom well cuttings (Richards, 1947). Typical
length 40-50 mm.

Superfamily Limopsacea
Family Glycymerididae

Genus Glycymefis Da Costa, 1778
"Shell sturdy, ...hinge plate arched, with part of the teeth
somewhatchewon-shaped,.. symmetrical" (Keen, 197 l:54).

19. Glycytruris americana (Defrance, 1826) (Synonyms:
Pectunculus pulvinatus Lamarck of Conrad, 1832, not of
Brongniart, 1823; Pectunculus lentiformls Conrad, 1837;
Pectunculus quinqwrugatzs Conrad, l84l; Pectunculus
tricenarius Conrad, 1843; Pectunculus passt s Conrad,
1845; Pectunculus elephantopus H. C. Lea, 1845;
Pectunculus caralinensis Holmes, 1858, not of Conrad,
l84l; Axinaealgntiformis Conrad of Meek, 1864). Shell
large, subcircular, variable in length-height ratio; ribs very
low, formed of numerous fine radial lines. Zone 2, Peters-
burg, Williamsburg, Hamp8on, Chuckatuck, Suffolk,
Yorktown, and Chesapeak e. l*ngth 7 2 mm, height 69 mm.
G ly cy mer is arrc r i c ana form quinq uer u g at a dev elops large,
irregular wrinkles on the dorsal margin. Although this
morphology is more common in the Duplin and Raysor Marl
depgsits to the south,Nicol (1953) reports asingle specimen
from Pampa, Virginia.

Subgenus Tttsctonalredale, 1931
"Radial ribs well developed, interspaces narow to moder-
ately wide, ribs sometimes dividing terminally; periostracum
thin or wanting" Keen, 1971:55).

_. Glycyruris laevis (Iuomey and Holmes, 1856). See
discussion ander Glycymeris stfuovataand Appendix II.

20. Glycyruris pectinata (Gmelin, 1791) (Synonyms:
P e c twtc ulus aralrs Conrad, l84l; P e c t unc ulus pe c tiniformis
Orbigny, 1853, not of Lamarck, 1819; Pectunculus
c harle sto ncnsrs Holmes, I 8 58; G lycyrrcris pe ctirutta c trimta
Dall, 1898) Shell smaller, heavier, more trigonal, and with
stronger sculpture than Glycymeris subovata. Zone 2,
Yorktown. Length 13 mm, height 13 mm.

21. Glycyrneris subovata (Say, 1824) (Synonyms: Axinaea
bella Conrad, L87 l; Gly cymer is subovata plagra Dall, I 898;
G ly cyner is subov at a twmey iDall, 1898; G ly cyncr i s fu milrii
Ward and Blackwelder, 1987; Costoglycymcris snbovata
(Say) Ward, 1992). Shell subcircular, ribs radial; variable in
outline, width of interspaces, and sfength ofribbing. Zones
I and 2, ubiquitous; Chowan River beds at Chesapeake.
Length 47 mm, height 44 mm. A population from South
Carolina preserves a color pattern ofred, squarish spots on
a white shell, resembling the Recent Gly cymeris (Tucetona)
pectinata (Gmelin, 1?91). Considerable morphologic varia-
tion exists in this species, producing a number of varieties,

some of which havebeennam ed. Tnne I specimenshave the
inter-rib spacing reduced to a narrowly incised line. Typical
7nne2 specimens agree with Say's 18?4 figure in having
widerand rounded interspaces. Dall (1898) described a flat-
channeled form from the Duplin of South Carolina as

Glycyneris snbovata twmeyL Ward and Blackwelder
(1980) have reated this taxon as a separate species and have
reported it from the Yorktown . Glycymeris sttbovata plagia
Dall, 1898, was proposed for small, obliquely developed
specimens from the Yorktown ofEdgecombeCounty, North
Carolina. It also occurs in the Virginia Yorktown. Chorvan
River specimens of Glycymeris subovata have interspaces
more narriow than typicalZone 2material,butnotso narrow
as the Zone I populations. The Chowan River morphotype
has recently been named Glycynuris hummii Ward and
Blackwelder, 1987. Some Zone 2 specimens may develop
bifurcating ribs: typically only two or three ribs are affected,
b,ut rarely this grooving may extend over the entire shell.
Axinaea bellaConrad, 1871 , described from Days Point, was
such a specimen. Thomas (1975) provides theonly quanti-
tative statistical analysis of the G/ycyneris subovatastack.
I concur with him in considedng the .zone I through Chowan
River popularions as representing a single variable species.

Nicol and Jones (1984) propo*dBellaxinaea, a subge-
nus ofTucetona with distinctive ribbing, as follows: "..radial
ribs raised and numerous, on umbonal region or in immature
specimens simple, laier dividing one or more times and with
secondary radial ribs sometimes forming in the interspaces
between the primary ribs: .."[They make no mention of
Axinaea bella,ilsexcusable since the taxon has been over-
looked by all otherauthors as well. The" bella" morphology
seems to bridge the gap betwer;t B ellaxinaea andTucetona.
Ward (1992) rejected Tucetona largely on geographical
grounds and proposed Costoglycymens (type: Pectunculus
subovatus Say, 1824). I prefer use of Glycymeris at the
generic level, and Tucetona as a subgenus. For those who
prefer a more narrow generic concept, Costoglycymeris
Ward is probably synonymous with Eellaxinaea Nicol and
Jones.

Glycyuris laevrs (fuomey and Holmes, 1856) is a
related species for which much confusion exists. Ward
(1992:62-63'l argues tlrolt Glycyteris virginiae "Wagnern'
(Dall, 1898) is a pre-Yorktown Eastover species from Vir-
ginia which is not conspecific with Glycymeris laevis frorn
the Waccamaw beds of South Carolina. He states that the
type of Glycymeris virginiae is missing and proposes a
neotype from Claremont,Surry County,Virginia. However,
in a review of types housed in the Wagner Free Institute
collections, Spamer and Forster (1988) demonsrate frat a
single syntype series is ttre type lot for both Glycymcris
laevis and Glycyneris virginiac. They illustrate the com-
plele lot, showing the shells to be small, heavy, with weak
sculpture of grooves which become obsolele over the lower
half of the shell. The specimens are equidimensional to
slightly higher than broad, and have a decidedly stunted look
uo them. The type lot originally came from "Waccamaw"
which they speculate may indicate Lake Waccamaw, North
Carolina. Pectunculus laevis may be a dwarf or abberent
race of Glycymeris sfrovata, but is here kept separate
pending further study of the problem.
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Order Mytiloida
Superfamily Mytilacea
Family Mytilidae

Genus Mytihtslinnaeus, 1758
"Anterior reEactor scar elongate; posterior retractors con-
tinuous; hinge with several small denticles; shell nearly
smooth" (Keen, 197l:61').

22. Mytilus edulis alaeformis l. Sowerby, 1821. Shell
relatively wider, with beak more hooked and more sharply-
pointed than in any Pleistocene and Recent examples of
Mytilus edulisLinnaeus, 1758 I have examined. 7nne2,
Ilampton, Suffolk, Chuckatuck, and Chesapeake; Chowan
River beds at Chesapeake. I*ngth (estimated) 46 mm,
height 27 mm.

Genus Brachiodontes Swainson, l84{)
"Small mytilids..... variable in form and sculpture" (Keen,
1971:61).

23. Brachiodo,n tes sp. Mostly crushed fragments of a small,
ribbed mussel are found in the Chowan River beds at
Chesapeake, and similar material was reported by Gardner
(1944) as Brachbdontes recurvus Raflinesque, 1819, from
thebluffs atYorktown. Length offiguredjuvenile, 2. I I mm.

Genus CrenellaBrown, 1827
"Small, nearly orbicular, with radiating sculpture; sunken
ligament; dorsal margin finely striate" (Keen, 1971: 65).

24. Crenella aequilaterd (H. C. Lea, 1843) (Synonym:
Crenella &rylinensis Dall, 1898). Shell minute, oval, and
inflated. External sculpture of numerous fine, divaricating
radial ribs rippled by concentric growth lines. Tnne 2,
Petersburg, Flampton, Chuckatuck, and Chesapeake. Irngth
1.35 mm; height 1.66 mm. Dall's figure of Crenella
duplinensis does not show external sculpture, but the outline,
size, and written description ageewith Crenella aequilatera
as do Duplin specimens from North and South Carolina.
FigureZ is aleaparatype from Petersburg. A smaller, more
inflated variety (Figure 24a) is found at Chuckatuck and
Chesapeake.

25. Crenella sp. cf. C. decussata (Monragu, 1808). Shell
minute, oval, inflated; sculpture of relatively heavy,
divaricating rdial ribs and finer concentric lines. This form
differs from Crenella aequilatera by having fewer and
heavier ribs, separated by wider interspaces. Chowan River
beds at Chesapeake. Length 1.25 mm, height 1.54 mm.

?-6. Crenellaprecursor Gardner, 1944. "Shellboth largeand
heavy for the genus; evenly ovate, moderately infla&ed"
(Gardner, 1944). 7nne2, Suffolk and Chesapeake, common
only in the Chowan River beds at Chesapeake. Lcngth 6.4
mm, height 7.6 mm.

Genus Arcoperna Conrad,, 1865
SynonymsJ?lro rnboide llaMonterosato, 1884; M e g acr ene IIa
Ilabe, 1965
Shell resembling a thin shelled, gigantic Crenella; beaks

anterior; hinge teeth lacking. Sculpture of finely incised
radial lines. The type of the genus is Arcoperna filosrx
Conrad, 1865, from theEocene.

27. Arcoperna williamsi Campbell, new species. Shell of
medium size, thin and very fragile; beals anterior, prosogyrate

and prominent; quadrate in outline and inflated. Venral
margin slightly sinuate. Sculpture of even, distinct, fine
radial grooves. Hinge without teeth, but with a low shelf
along the posterior lateral area. Type locality is Tnne 2,
Rice'sPit, Ilampton, Virginia. l*ngth22.3 mm, height 16.0
mm. Arcoperna fragitr,s (Venill, 1885), found in water
depths of lCI to 140 meters off Virginia and the Carolinas,
is a closely related Recent species, but is more oval, with
higher, more produced beaks.

Etymology: Named in honor of Walley Williams who
discovered the unique holotype.

Genus Musctrlus Roding, 1798
Small mytilids with radial sculpture on the anterior and
posterior ends, smooth across the middle of the valve.
Gregariella principally differs from Musculns in having
thick tufts of periostracal "hair" on the back of the shell, a
feature invariably lost in fossil material. The following
species are arbirarily assigned to Musculus.

28. Musculus riceiCarnpbell, new species. Shell small, very
narrow, well-inflated; beaks terminal. Twenty-five !o thirty
well-developed radial ribs over the posterior half of shell,
and 9 weaker radial ribs over the anterior end; intervening
area smooth. Weak concentric lines combine with the radial
sculphrre, producing a cancellate patiern. Interior margin
strongly crenulate, reflecting the radial sculpture. 7nne2,
Ilampton. Length4.58 mm, height2.0l mm. Known from
a single pair. Type locality is Rice' s Pit, Hampton, Virginia,
discovered by thelateDr. WalleyWilliams. The completely
terminal beaks and its narrow and inflated shell separate
Musculus ricei from the more common Masculus vir ginicus.
Mwculus r icei resembles G re gar iella c oar ctata (Carpenter,
1857) as figured by Keen (1971),and may be congeneric
with that Pacific species.

Etymology: Named for William Rice, late owner of
Rice's Pii.

29. Musculus virginicus (Conrad, 1867) (Synonym:
Modiolaria petagnae Sacchi Meyer, 1888, not of Sacchi,
1832; Muscalus carolinensls (Dall, 1898)). Shell small,
oval, inflated and strong for its size. Tnne2,Y,lilliamsburg,
Chuckatuck, Hampton, and Chesapeake. Length 3.5 mm,
height2 mm.

Genus LithophagaRoding' 1798
"These are cylindrical shells, tapering posteriorly, which
bore ino soft rock or other shells" (Keen, 1971:68).

30. Lithoplwga pectinicolc Olsson, 1916. Shell small,
smooth, and relatively naltow for the genus. Tnne 2,
Yorktown. Irngth l 2 mm, height 4 mm. This species is rare,
and may representajuvenile stageof the the following form.

39. Litlnplwga yor lcensis Olsson, 19 14. Shell cylindrical,
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rounded anteriorly, bluntly tapering posteriorly. Tnne 2,
Williamsburg, Hampton, andChuckatuck. Length 13 mm,
height4.6 mm. Alargerpopulation of this species mayprove
to be conspec ifrc with Lithopha ga bisul cata (Orbigny, 1 842),
but insufficient mat€rial is presently in hand and Olsson's
name is here provisionally maintained. See also species #
161.

Genus Modiolas Lamarck' 1799
Large, smooth, well-inflated mussel shells with subterminal
beaks. Hinge without teeth. The shell is nacreous, and even
smail fragments of shell are easily identifiable to genus.

Modiolus ducatelli (Comad, 1840). A common
eroneous identification for Yorktown fragments. See Ap-
pendix II.

32. Modiolus gigas (Dall, 1898) (Synonyms: Mytilus
inflatus Tuomey and Holmes, 1856, non Costa, 1846,
Mueller, 1847, Moore, 1870, norWhitfield, 1885 or 1895;
Modiolus gigantoides (Olsson, 1914); not Modiolus inflatus
(Iuoqey and Holmes) of Richards, 1947 (= aG astro chaena\'1.

Shell large and fragile; posteriorly expanded. Exterior olive
green to brown; interior nacreous. common as distinctive
fragments but rarely found whole. Zone l, Surry County and
Williamsburgi Zone 2, Petersburg, Williamsburg, Hamp-
ton, Chuckatuck, Smithfield, and Chesapeake. Length 106
mm, height 60 mm.

SpamerandForester(1988,pl. 5) illustrate tlrc syntypes,
WFIS 5354.

33. Mod.iohrs pulclulhts (Olsson, 19 14) (Synonym: Modiola
plaseolinaPhilippi of Meyer, 1888, notof Philippi, 1844).
Shell small, fragile, very expanded. Znne 1, Williamsburg
and Yorktown. Length 9 mm, height 6.5 mm.

Superfamily Pinnacea
Family Pinnidae

Genus Alrir a Gray, l84il
'Shaped rather like a ham, these shells have no groove down
the inside and the nacreous area is undivided" (Keen,
r97r:75).

34. Atrina lwrrisii (Dall, 1898). Dall cited North Carolina
Duplin and tvlaryland Choptank occurrences for this species,
a srati$aphic separation making nro specias likely. The
Yorktown specimens are conspecific with Duplin material,
but are invariably broken and exfoliated. Complete speci-
mens are known from the Pinecrest beds of south Florida.
Tnne 2, Chuckatuck and Chesapeake. Length (incomplete)
45 mm, width 25 mm.

Superfamily Pteriacea
Family Fteriidae

Genus Paeria Scopoli, 1777
Shell thin, highly nacreous within, having a wing-like
riangular projection at each end of the straight hinge line.

35. Pteria colytttbns (Roding, 1798) (Yorkown synonym:

P teria multangula (H.C. Lea, 1843); for Recent synonyms,
see Dall (1898:670)). Shell of medium size, thin, fragile,
witlr form typical of the genus. Tnne 2, Petersburg,
Chuckatuck, and llampton. Length 33 mm, height 26 mm.
Lea's name was proposed for an immature shell. Adult
specimens appea identical with Recent Pteria colyrnbus.

Rare Yorktown pearl specimens may or may nothlong to
this species.

S uperfamily Pectinacea
Family Pectinidae

Genus Pecten Muller, 1776
"Right valve slightly to srongly arched,left valve flat to
concave. Ears subequal in size and shape" (Keen, l97 l :84).

36. Pecten lwmicyclicus (Ravenel, 1834) (Synonyms:

Pecten ochlockoneezsis Mansfield, 1932i Pecten
ochlocl<oneensis leensis Mansfield, 1939; P ecten raveneli

@all) of Cooke, 1936, andof Campbell andothers, 1975, not
of Dall, 1898). Shell of medium size, with about 22 radial
ribs; ribs wider and sronger cenftally, smaller, weaker, and

more closely spaced laterally. A smaller radial intenib is
occasionally developed in the interspaces. Concentric sculp-
ture of very fine, evenly raised lines. Byssal notch present.

Tnne 2,Chuckatuck crossbeds. Length 62 mm, height 54
mm. This species is very rare in the Yorktown, and only the
left or flat valve has been recovered. Pecten hemicyclicls is
proportionally wider than P ecten raverwli and has shallower
interspaces. The two have frequently been confused in the

literature.

37. Pecten smithii (Olsson, 1914). Shell medium !o large,
with 20 to% very low radial ribs. Ribs becoming propor-

tionally stongerwith mature growth. Leftvalveconcave for
25 to 30mm,butbecoming slightlyconvex with subsequent
growth. Byssal notch prssent. Ribs reflected internally by
raised threads, as in Arn rs furn. Tnne I , Surry County along
the JamesRiver; Williamsburg, and Kings Mill. Lengttt 100

mm, heightg5 mm. This rare species is theoldestofalineagc
including the Waccamaw species Pecten holmesii Dall,
1898 and ttre Recent Pecten laurenti Gmelin, 1?91. Mor-
phologically, they bridge the gap between Pecten and
Amusiwn.

Genus Amusizm Roding, 1798
Large o very large, compressed, very thin-shelled, nearly
equivalve scallop shells. The shells are smooth without but
wittr paired radial threads on the interior of the valves.
Recent species commonly are colored red to red-brown on
the upper valve, white on the lower.

38. Amusiwnmortoni (Ravenel, 1844). Shell very large,
thin, and fragile. Extemal surface smooth. Intemal sculp-
ture of paired radial lines. Tnne 2, Southampton County,
Ilampton and Chesapeake. Mansfield (1932) noted that the

Maryland Miocene records of this species were actually
basedon Virginia Yorkown material. large specimens may
exceed 200 mm, but therare Yorktown matgti is normally
much smaller. There are erroneous reports from the older
literature of living Arnusitun mortoni in theGulf of Mexico.
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Genus Leptopecten Yerrill, 1897
"Shell small, thin to mediumin weight, valves subequaland
only slightly convex; ribs narrow with wider interspaces;
concentric sculphre, ifpresent, microscopically fine" (Keen,
1971:9r).

39. Izptopecten leonensis (lvlansfield, 1932) (Synonym:
P ecten wendelli ol gensislvlansfield). Shell small, with 10 to
16 radial ribs that vary Seatly in their relative snength. A
common pat0ern has the stronger ribs separated by two
weaker ones. Basal Tnne 2, Gloucester County and the
Piankitank River. Length 2 I mm, height 20 mm. Ward and
Blackwelder (1987) discuss various ltptopecten species,
and erect a new species,/,eptopecten aworaensis,which is
named for Aurora, North Carolina, but they cite a type
locality of Clewison, Florida. They funher state in an
apparent lapse, that lzptopecten wendelll (Tucker, 1934) is
a senior synonym of l"eptopecten leonensis (lvlansfield,
1932\. kptopecten wendelli occurs commonly in the
Waccamaw deposits at Calabash, North Carolina and is not
conspecific with the olderl .leoncnsis. However ,L,wendelli
olgensrs (Mansfield, 1939)appears identical with L. leorcnsis.
f,eptopecten auroraensis shares shell form, rib number, and
rib pattern wi th L. irre motis Olsson and llarbison, I 953, and
both of them may be junior synonyms of kptopecten
Itanisii (Dall,1898).

40. IzptopectenwilsoniCampbell, new species. The shell
is small, compressed, with very large auricles. Nine radial
ribs alternate in srength. Rib crests are smooth or weakly
striale, but rib margins show delicate scaling. The intenib
areais narrower than the ribs and is smooth or finely sriate.
Posterior auricle with seven radial threads, antrerior auricle
with five; auricle thread interspaces heavily scaled. Resilifer
pit Eiangular, small. Inner surfaceof hinge with perpendicu-
lar striae. Zone 2, Wilson's Pit, Hampton, Virginia. Length
19 mm, height 18 mm. The unique type, a left valve, differs
from lzptopecten leonensis in its proportionally larger
auricles and its fewer and broader ribs.

Etymology: Named for its discoverer, Druid Wilson,
formerly of the U. S. Geological Survey.

Gews Argopecfez Monterosrto, 1889
"Sturdy shells, ears neady equal in size, valves convex and
approximately equal; ribs numerous, concentric sculpture
reduced to fine striae in inierspaces" (Keen, 1971:87).

4I. Argopecten comparihs (Tuomey and Holmes, 1855)
(Synonyms from Waller (1969): P ecten yorkcnsls Conrad,
1867; Pecten evergladensis Mansfield, l93l; Pecten
comparil is j ac la'o nensisl{ansfi el4 I 932; Pe c te n calo o sensis
Mansfield, 1939). Shell of medium size, obliquely circular,
well-inflated, with ribs as high as wide. Zone2, Southampton
County, Pe0ersburg, Chuckatuck, and Chesapeake; Chowan
River beds at Chesapeake. Length 38 mm, height 40 mm.

Genus C arolirupe c te n W ar d and Blackwelder, 1987
Large, thin-shelled, compressed to moderately inflated scal-
lop shells with prominant, low, smooth rib s. Typis Pecten
eboreus Conrad,1833.

42. Carolinapecten eboreus (Conrad, 1833) (Synonyms:
Pecten micropleura H. C. Lea, lM3: Pecten lnlbrookii
Ravenel, 1844; Pecten eboreus darlingtonensisDall, 1898;
Pecten eboreus beniensrs Mansfield, 1936; Pecten eboreus
watsonensis lvlansfield, 1936). Shell medium to large,
slightlyinflated, wittr low, undulatuyribs. Zone l,Middlesex
and Surry counties; Zone 2, King and Queen, Isle of Wight,
and Southamp0on counties, PeFrsburg, Chuckatuck, Suf-
foft, and Chesapeake. Length 67 mm, height65 mm. This
species is locally abundant, but patchily distributed. Some
of the names synonymized above mayeventuallyproveto be
valid, at least subspecifically. C. eborew walkerensis
(Iucker, 1934) (synonym: P ecten eboreus buckinglwrnensis
Mansfield, 1939) is an exceptionally large, sratigraphically
important subspecies with a warped cross section. It is from
the upper Goose Creek Limestone of Souttr Carolina, and
was erroneously synonymizedwith C arolinapecten ebor eus
senescens (Dall, 1898) by Mansfield, 1936. The latter is a
small subspecies with obsolete sculpture which is restricted
to the Waccamaw faunas.

42a. Carolinapecten eboreus chesapealunsls Campbell,
new subspecies. Like C. eboreus eborezs, but larger, much
less inflated, and attaining a greater maximum diameter.
Ribs 25. Ribbing lower, and auricles proportionally smaller
thaninC. eboreus eboreus. Length 123 mm, height 107 mm.
Type locality is the lower Chowan River level, Deep Creek
pit, end of Cookes Mill Road, Chesapeake, Virginia- This
subspecies appears to be stratigraphically distinct and re-
stricted to the Chowan River Formation. It was apparently
commensal with or coevolved with a very large, flat variety
of CrucibulwnleanumCampbell, new qpecies (number 338
of this work), and is figured with that form.

Carolinapecten eboreus bertiensis (Mansfield) was
described from the Chowan River, three-fourths of a mile
below Mount Gould Landing, near Elizabethtown, North
Carolina. It is more inflated than C. e. chesapealunsis,and,
has medially-grooved ribs for a portion of the disk.

Etymology: Named for the City ofChesapeake in which
the Deep Creek Pit is located.

Genus Chlamys Roding, 1798
"With the valves equal in size, but the ears markedly
unequal" (Keen, I97 I :89).

43. Chlamys decemnarius decemtwrius (Conrad, 1834)
(Synonyms: Pecten dispalatus Conrad, 1845; typographi-
cal errors Pecten decennarius Cowadof Orbigny, 1852 and
Pecten decenrnarius Conrad of Ward and Blackwelder,
1980). Shell of medium size, exceedingly variable in
sculpture (see Gardner, 1944, plats 5, and Gibson, 1987). 8
tir l0 radial ribs typically obsolete during early growth, but
becoming sftong and bifurcate inegularly with continued
growth. Zone 2, York and Southampton counties,
Williamsburg, Yorktown, Rushmere, Poquoson, andHamp-
ton. Length 42 mm, height43 mm. This species is an index
for lower Tnne 2 assemblages.

44. Chlamys decemnarius variety virginianus (Conrad,
1840) (Synonyms: PectentenrisH. C.Lea, l.843,non Bosc,
l80l; Pecten subtenuis Orbigny, 1852). Shell of medium
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size, proportions and auricles as in C. de cemtarius,butwilh
the ribs reduced to fine threads. Lower Znrne 2, Prince
George, Isle of Wight, and Southampton counties, PeFrs-
burg, Williamsburg, and Camp Wallace. Completely inter-
grades with C . decemnarius decemnarius(seeGibson, 1987)
and should be considered merely a variety of that taxon.

44a. Chlamys sp. Shell large, with seven low, more or less

distinct ribs. Interqpaces wide and very shallow. Surface
covered with finely scaled radial threads, coarser and more
closely spaced on the ribs, finerand more distantly placed in
the interspaces. Concentric sculpture lacking. Resting
stages distinct, marked by a slight vertical and lateral
expansion of the ribs. Chowan River beds at Chesapeake.
Length 6l mm, height 62 mm. A single left valve was
discovered by lVilliam llale at the Deep Creek pit in
Chesapeake. A single, possibly related specimen with more
exaggerated sculpture was collected by Dr. Thomas Gibson
in theZone 2beds atPetersburg. Whetherthe two specimens
represent related species or a single more variable taxon
cannot be determined without additional material. Conse-
quently, it seems best tp defer species description until more
definitive material is discovered.

44b. Chlamys rogersii (Conrad, 1834). Shell small to
medium in size, well-inflated, with four low, broad, undula-
torydbs andrelatively narrow interspaces. Secondary sculp-
ture of radial riblets which are finer in the interspaces.
Concentric sculpnrre of fine growth lines and broad, low
undulations. Tnne 2,Isle of Wight and Southampton
counties, Pelersburg, Sycamore Bend and Chesapeake.
Lengt"\ 22 mm, height 25 mm. This is one of the rarest of
Yorktown species. Dr. Tom Waller has examined the
species and found it to belong ta Chlamys. Ward (1992)
noles that this species is resricted to lower Zone 2 beds.

Genus Plccopecten Verrill, 1897
"Without ribs; with radial striae; right valve smoother; ears
unequal; valves with a slightconvexity" (Abbott, 197 4:448).

45. Placopecten clintonius (Say, 1824). Shell large, circu-
lar, thin, compressed; with about 140 radial threads, coaner
in the center of the disc. Znne 1, James City, Surry,Isle of
Wight" and Southamptoncounties, andWilliamsburg. kngttt
129 mm, height l2t{ mm. Mansfield (1936) described a
subspecies, P ecte n clintonius rappalwnno ckcnsis,ftom pre-
Yorktown beds near Urbanna. Ward (1992) has shown
Mansfield's laxon to be a junior synonym of Placopecten
principoides @mmons, 1858), a species restricted to the
Eastover Formation. Ivlansfield (1944) proposed the bios-
tratigrphic zonation used in this work, designating the
lower Yorktown as the "Zone I ot Pecten clintonius znne".
Placopecten clintonius, when carefully separated from P.
principoides,remains one of thebestindex species for Zone
l.

Genus Chesapecten \ilard and Blackwelder, 1976
Large to very large, circular, often heavy shells with promi-
nentradial ribs; ribs and intenib area sculptured with radial
threads and concentric, often scabarous, lamellae. Cardinal

crua lacking.

46. Chesapecten jffirsonius (Say, 1824). Shell large,
heavy, well-inflated, with 9 lo 12 prominent radial ribs.
Tnne l,ubiquitous. Length 142 mm,height 131 mm. This
common species is an index qpecies for Tnne I sftata in
Virginia and North Carolina, but appears to have briefly
survived into basal Zone 2 equivalents in South Carolina and

Florida.

47. Chesapecten tudisonius (Say, 1824) (Synonyms:
Pecten ntadisomw (sic) Conrad of Orbigny, 1852i Pecten

edgecombensrs Conrad, 1862; Chesapecten nephrens Ward
and Blackwelder of Jasper Burns, 1991, not of Ward and

Blackwelder, 1976). Shell large, moderately inflated, typi-
cally with 15 to 16 radial ribs. Secondary sculpture of coarse

radial threads much stronger inC. madisonirs when com-
pared wittr C. septenarhrs or C. jffirsonius. Tnne 2,

ubiquious. Length 103 mm, height 101 mm. The name

Pecienmadisonizs was misapplied o lvlaryland material for
about 150 years (Ward and Blackwelder, 1976).

Several ecomorphs ofthis Zone 2 species can be found.
Specimens from near shore and from high current or wave
energy environments are more inflated, possess a thicker,
more ponderous shell, and have lower and less distinct ribs.

Specimens from quieter waters are thin shelled with less

inflated valves, and haveribs with well-developed concen-

tric scabrous scales.
In tlrebasal Zone 2 sEata,rare specimens of C lrcsapecten

nudisonius have l0 to 14 ribs. These are apparently an early
stage in the evolution of the species. If these constitute a

separate subspecies, the name, Chcsapecten madisonius
carolinensis (Conrad, 1873), may be used.

48. C lusapecten septerarius(Say, 1824) (S yrnnyms: Pecten

septemnarius (sic) Say of Conrad, 1840; Chesapecten
jeffersonius septenarius (Say) Gibson, 1987). Shell of
medium to large size, ssongly inflated, with 6 to 8, rarely 4

to 12, large broad, squarish to "T"-topped ribs. Zone 2, New
Kent and Southampton counties, Petersburg, Poquoson,

Hampton, Rushmere, Yorktown, and Suffolk. Length 51

mm, height 5l mm. Virginia specimens are rarer and seem

to average smaller than North and South Carolina speci-

mens. This is an index species for lower Zone 2 strata. It is
the most variable of Chesapecten species.

Ward and Blackwelder (1976) figure the holotype, and

Gibson (1987) provides revised descriptions and numerous

illusrations of typical C hc sape cten septenarius.

Gents' N odiPecfez Dall' 1898
Medium to large, well inflated scallop shells with snong ribs
marked with large, hollow pustules.

50. Nodipecten peedeensls (Tuomey and Holmes, 1856)

"James River, Virginia" Dall (1898). True Nodipecten
peedeensishasnotbeen discovered in Virginia. Dall's repon
was based on a complex of errors which can now be

dddressed. True Nodipecten peedeensls has until very
recently been known from fewer than a dozen specimens.

The typelot, consistingof the holotypepairand three single

valves, was misplaced during the 1920's and 1930's when
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Mansfield and Tucker were monographing the American
Tertiary Pectenidae, so the species was known only from the
type figure. Apparently, at some time between 1860 and
1890, a set of three Nodipecten valves were placed into the
U. S. National Museum collections as lot USNM 9526, and,
were labledP ecten peedeensls. These areactuallyEuropean
specimens (J. Terry Smith, 1987, personal communication;
and 1991). Two of lot 9526 were credited to the pee Dee
River in South Carolina (Mansfield, I 936), but the third had
"James River, Virginia" inked onto it. This is the specimen
herein illustrated, and is undoubtedly the basis for Dall's
1898 Virginia record. The "Virginia" specimen here illus-
trated was chosen by Tucker (1938) as "Lectotype", a
multiply inaccurale designation now made superfluous by
therediscoveryof theTuomeyandHolmes types . Nodipecten
peedeensis is now known from over 200 South Carolina
specimens. It typically shows seven natrow, noded ribs on
the left valve, and eight broad, un-noded ribs on the left In
some populations the ribs may fuse 0o produce half the
normal number. Specimens are typically 30 !o 50 mm, but
may exceed 160 mm.

Family Plicatulidae

Genus Plicatula Lamarck, 1801
"Right valve usually the more convex; the single adductor
scar posterior to the center ofthe shell; sculpture coarsely
radial" (Keen, 197 l:94).

51. Plicatula marginata Say, l8Z (Synonym: Plicatula
rudisH. C.I€a, 1843, non Eichwald, 1865). Shell small,
very sturdy, with three to eight radial plicate ribs on free-
growing specimens. Irregularity of substrate on the attached
(right) valve reflected in the upper valve. Specimens from
quiet water habitats frequently developing short, flat spines
on the ribs. Hinge large, strong, tightly interlocking; articu-
lated specimens common . Tnne 1, Middlesex County, and
Williamsburg 7-one2,ubiquitous. Length 2 I mm, height24
mm.

Superfamily Anomicea
Family Anomiidae

Genus Azonla Linnaeus, 1758
"The valve without the hole has t large and 2 small muscle
scars. The shell is attached to a rock or wood surface by
means of a calcified byssus which passes through a large
notch in the right valve" (Abbott" 19742451\.

52. Anomia simpler Orbigny, 1842 (Yorktown synonyms:
Anomia ruffini Conrad of authors, not of Conrad, 1835, an
Late Oligocene-Early Miocene species; Anonrya conradi
Orbigny, 1852; Recent synonyms: see Dall, 1898, p. 784.
Shell small to medium in size, irregularly circular in outline;
external surface smooth; muscle scars typical of the genus.
Zone 1, Middlesex County; 7a ne 2,Hanryton, Chuckatuck,
and Chesapeake. Irngth 28 mm, height 20 mm. Ward
(1992) has shown A namia nffini o be a Late-Oligocene o
Early Miocene species, and Eocene records from the litera-
ture are erone0us.

Genus Pododesmus Philippi, 1837

53. Pododesrnar sp. Shell small to medium in size, flat to
inflated, wift numerous rows of small scales or simply
roughened. Tnne 2, Hampton, Chuckatuck, and Chesa-
peake. Length of largest specimen 29 mm,height 29 mm.
This species may be the source of Dall's reportbf Yorktown
Arcmia aculeata Muller, 1776 (see Appendix II).

Genus Placunanomra Broderip, 1832
"The presenceof elevatedridges at the hinge margin of one
valve, fitring into a socket in the other, separates this genus
from the other two (anomids). Also the shell is strongly
plicate in three or four places around the margin" (Keen,
1971:101).

54. P lacunanomia plicataTuomey andHolmes, 1855. Shell
of medium size,roughly triangular, with heavyridges at the
hinge margin . Periphery with ttrree or four low to deep radial
folds or plicae. Tnne 2, James City County and Hampon.
Length 50 mm, height 56 mm. Two morphologies are
present within this species , a thin shell with very deep plicae,
and a heavier shell with low marginal folds. Only two
Virginia Yorklown specimens of this species are known to
me, and both are of the latter form.

Superfamily Limacea
Family Limidae

Genus Lima Bragtierc, l7 97

Subgenus Limaria Link, 1807
Small to medium sized shells resembling scallops but with
more dorso-venrally elongale shells. The long axis inter-
sects the hinge line at an oblique angle.

55. Linu (Lirnaria) carolinensis (Dall, 1898) Shell of
medium size, relatively wideand inflated for the genus, with
about 40 fine radial threads. Shell widest about two-thirds
of thedistance from thebeak to theventral margin.Zone2,
Ilampton and Chesapeake. Length 29 mm, height 20 mm.

56. Lirru (Lirnaria) pellucida C. B. Adams, 1846 (Syn-
onyms: Linu hians (Gmelin) of authors, not of Gmelin,
l79l; LirnainflataLantarck,1819, notof Gmelin, 1791 nor
Petagna, 1819). Shell small, very fragile, relatively nar-
rowq thanLima carolinensis,with about35radial lines. The
shell is widest at midpoint. Zone 2, Yorktown and
Chuckanrck. Length 19 mm, height 14 mm.

Genus Limatulo S. Vtrood, 1839
"Valves usually equilateral, closed. Ligamental pit small
and centrally placed. animal without eyes" (Abbott,
r974:454).

57. Littutulavirginiana Campbell, new species. Shell
minute, narow, and well-inflated; beaks cenftal; hinge
nearly perpendicular. Sculpture of 17 radiating riblets,
stronger lowards the midline of the shell; internally two
central threads border a slight grcove. Riblets sharp with
wide, smooth interspaces. Concentric sculpture of faint
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gowth lines. Zone 2 llampton (upper level at Rice's Pit is
type locality), and Suffolk. Length 2.08 mm, height 3.13
mm. This species most closely resembles the Recent
Cuib/lr;an Lirrutula hendersoni Olsson and McGinty, 1958,
which differs in having narrower striate interspaces and a
narrower resilifer pit.

Etymology: named for the state of Virginia.

Superfamily Ostreacea
Family Osreiidae

Genus Ostrealinnaeus, 1758
Shell medium to large, irregular in form and sculpture, with
a single large adductor scar. The shell margin is denticulate.
Prodissoconch hinge is long and valves are symmetrical.
Species are commonly attached 0o another shell or hard
subsFate.

58. Ostrea compressirostrc Say, 1824 (Synonyms: Ostrea
disparilis Conrad, 1840; Ostrea raveneliana Tuomey and
Holmes, f 855). Shell very large, attached only in the early
juvenile stages or not at all; with an oval, deeply cupped
lower valve and a nearly flat upper valve. Sculpture of the
upper valve varies from smooth to coarse concentric growth
lines. Lower valve wider and longer, with large, rough
foliaceous concentric sculpture often produced into flanges
adjacent to the hinge. In young shells the foliations crossed
by low, narrow, curving radial riblets. Shell substance of
both valves friable. Sculpture best developed in quiet water
Tane I specimens, becoming obsolete in many Tnne 2
populations. Zones I and2, ubiquitous. Length 93 mm,
height l22mm. This species was particularly vulnerable to
attack by Cliona sponge and other shell burrowing organ-
isms. Say's 1824 figure of this species is in my estimation
typrcal of Z.ane I faunas. However, the name has been
applied to an entire lineage of related American oysters
extending from the Paleocene to the upper Pliocene, a
lineage which may also incl ude O str ea b e llovac inaLanuck,
1806, from the Eocene of Europe (Heilprin, 1884).

Palmerand Brann (1965:238-239) provide an excellent
discussion of the identification and provenance of Say's type
specimen, and designate British Museum L13204 as the
lectotype. They note past confusion between Ostrea
compressirosta and Ostrea sinuosa Rogers and Rogers,
1837, the undoubted ancestral Eocene form. Ward (1992)
has recently proposed nvo subspecie s, O strea c ompre s siro sra
geraldjohnsoni and O. c. brucei from the Eastover Forma-
tion.

59. Ostrea sculpturata Conrad, 1840 (Synonyms: Ostrea
virginiana Conrad, 1832, not of Lamarck, l8l8; Ostrea
subfalcata Conrad, 1840:' Ostrea perlirata Conrad, 1873).
Shell of medium size, commonly rigonal; attached valve
more deeply cupped; margin denticulate. Sculpture initially
conforms to substrate; once free, the valves commonly
develop large, V-shaped plications along the margins, plica-
tions inegularin snengthandnumber. Zone l,Williamsburg;
7nne2, ubiquious. Length 53 mm, height 65 mm. This
highly variable oyster is typically found soliary or in small
clusters, but occasionally it formed small reefs. Ward and
Blackwelder ( 1987) proposed a new gent s, Corvdo strea,to

which they assign Ostrea sculpturata. I prefer o maintain
the taxon in Ostrea (sensu lato), pending a more thorough
study of oyster genera.

Genus Crassostrea Sacco' 1897
Shells large, frequently elongate (especially if intertidal);
internal margin notdenticulate; prodissoconch valves asym-
metrical, prodissoconch hinge short.

60. Crassostrea virginica (Gmelin, 1791) (Synonyms:
Ostrea virginiana Lister, 1687 (pre-Linnaean); Ostrea
virginianaLamarck, l8l8; Ostrea edulis Akuly, 1818, not
of Linnaeus, 1758; Ostrea borealisLanrarck, 1819; Ostrea
canadensis Lamarck, l8I9; Ostrea semicylindrica Say,
1822; Ostrea triangulark Holmes, 1856; Ostrea fundata
Holmes, L858; Ostrea procyon Holmes, 1858i Crassostrea
vir ginica auroraensis W ardand Blackwelder, 1987). Shell
large, elongate, with a few rough, radiating ridges on the
lower valve. Upper valve commonly flat and smooth.
Chowan Riverbeds at Chesapeake. Length 43 mm, height
84 mm . The Chowan River specimens are typical of the very
elongate,intertidal morphology. Mohr(1927) reports O strea
virginica Gmelin from prehistoric midden deposits of
Sumatra, Indonesia, an obviously suspect identification.

Cras so strea vir ginicafrstappears in the Pliocene at the
base of the Chowan River and equivalent beds. A large
Crassostreainformally referred to C .vir ginica in newspaper
accounts, has recently been discovered in middle Miocene
beds in Delaware. Delaware specimens in the Smithsonian
showponderous thickening of the valves, atraitrarely found
in C.vir ginicc,butcharacteristic of C. westi (Mincher, 1941)
from the Pascagoula Miocene of Mississippi. In thin-shelled
morphology, the Delaware material would be difficult to
separate from C. vir ginica. DruidWilson (1992, peersonnel

communication) has found Miocene specimens nearTalla-
hassee, Florida which more closely resemble Crassostrea
vir ginica. Whether these are conspecific with C. wes ti or C.

virginica is a problem for funrre study.

Subfamily Pycnodontinae

Genus Pycnodonte G. Fischerr lS35
"Small to large and massive. Shell material made up in part
by spongy, cellular material" (Abbott, L974:457).

61. ? Pycnodonte sp. Blackwelder andWard, 1976. This
species was listed without description from Zone 1, but was
later figured @lackwelder, 1981). The illustration herein
was provided by Blackwelder. It shows a small, trigonal
oyster with Clbna sponge borings. The primary cellular
shell sfiucture is notapparentwithoutahighermagnification
than is available. Znne l, James River, presumably Surry
County; height about 50 mm.

Subclass Heterodonta
Order Veneroida
Superfamily Lucinacea
Family Lucinidae
Subfamily Lucininae

G ents P am ila c ina D all' l90l
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Small, round, well inflated lucines with prominant concen-
tric, or concentric and radial sculpture.

62. Pqrvilucina crenulata (Conrad, 1840) (Synonyms:
Lucina crenulata Conrad, 1840, non Woods, 1840, nomen
nudum; LrcrzalensH.C.I-ea, 1843,non Roemer, 1&41 non
Deshayes, 1843; Lucina leanaOrbigny, 1852, replacement
name for Lucina lens H. C. Lea). Shell small, circular,
slightly inflated; beaks cenaal, slightly elevated. Sculpure
of concentric threads. Zones I and 2, ubiquitous. Length 6
mm, height6 mm. This is the most common small lucine in
the Yorktown Formation.

63. Pamilucina multilineatc (Iuomey and Holmes, 1856)
(Synonyms: Plwcoides (Parvilucina) crenella Dall, 1901;
P lncoides mulrilineatus (sic) Tuomey and HolmesofCooke,
1937). Shell small, circular, well inflated; beaks central,
slightly elevated. Sculpture consists of concentric threads
crossed by radial threads of nearly equal strength. Very rare
inZnne 2 beds near Suffolk. Length 4.79 mm,height 4.61
mm.

@. Pamilucina postalveata (Gardner, 1944). Shell very
small, circular, slightly inflated; beaks central. Sculpture of
broad, heavy, concentric rits. The holotype remains unique.
Zone2, Yorktown. Length 3.4 mm, height 3.3 mm.

65. Parvilucina tisulcan multistriata (Conrad, 1843).
Shell small, oval, with the beak posterior of center. Sculp-
nre ofheavy concentric threads tnd occasional deep, broadly
incised concentric grooves; in the subspeqies, fine radial
lines present, especially in the interspgces ofthe concentric
sculpture. Tnne?,Isle of \Might County. Length 6.4 mm,
height 5.2 mm.

Genus C tena Nlosch, 1861
Small, oval, compressed lucines sculpnrred with concentric
and radial threads; beats are placed a little posterior of
center. Inner margin of the shell denticulato.

66. C tena s peciasa (Rogers and Rogers, I 837) (Synonym s:

Luc ina spe c bsc Rogers and Rogers, I 837, non Reeve, I 8 50;
Lucina squtmosd l^amarck of Conrad, 1844 and Tuomey
and Holmes, 1856, not of Lamarck, 1806; Ctena leonensis
(Mansfield, t932): Ctenanagnoliana (Dall, 1903)). Shell
small, slightly inflated, oval; beaks posterior. Concentric
sculpture of incised growth lines; radial sculpture of about 34
well-developed threads. Tnne 2,Yorktown, Williamsburg,
and Chuckatuck. Length 12 mm, height l0 mm.

Genus Lucinisca Da[, 1901
"Sculpture reticulate; posterior area less distinct than ante-
rior; inner margin denticulate" (Keen, l97II2l).

67. Lucinisca cribraria (Say, 1824). Shell small, round,
relatively compressed. Beaks central; sculpture of raised
concentric and radial ttreads giving a cross-harched and
often scaly appearance o the shell. 7&ne l, Surry County
and Williamsbwg;7-one2,Isle of Wight and Southampton
counties, Yorkiown and Hampton, Length 16 mm, height 1 5
mm.

Genus Lucinoma DaIl, 1901
"l.cnticular, lacking dorsal area; lunule long, not sunken;
hinge plate without lateral ieeth; inner margin of shell
smooth" (Keen, 197 l:12.6).

68. Lucinorna contracta (Say, 182) (Synonyms: Lucina
srbplanata Conrad, l84l; Lucina radula (Monagu) of
Lyell, 1845, not of Montagu, 1803; Lucina srbplana (sic)
Conrad of Meek, L8&; Luc iru b or e al i sLirmaeus of Heilprin,
I 884, notof Linnaeus, 1761 P hac oide s (Lucinoma) c ontr ac ta
murfreesboroensrs Mansfield, 1929). Shell large for the
family, circular, but with a straight hinge line; sculpture of
thin, well-deyeloped concentic lamellae with wide, concen-
trically lined interspaces, Zone I , Surry County; Zone 2, Isle
of Wight county, Ilampion, and Suffolk. Length 47 mm,
height 4l mm. Lucinoma contracta is closely retated to
LucitwTrw filosc (Stimpson, 1851), Recent offshore from
Newfoundland to north Florida and the Gulf of Mexico, the
rwo differing in the shape of the lunule and the curvature of
the beaks. In South Carolina watgrs, Lucinonw fiIosa ts
restricted to water depths greater than 100 meters, a bathym-
etry in excess of thatreasonably proposed for most Yorkfown
localities. Heilprin's synonymizin g of Lucinortu contracta
and Luc inota bo r e al is, of which Luc ino ma r adul a is a junior
synonym, helps explain Lyell's usage. Full resolution of this
complex of species will require a review of fossil and Recent
populations from both sides of the Atlantic.

, GenusPseudomllthaP.Fischer,1885
"I:rge, cilcular, compressed, with small, erectbeaks. Sur-
face concentrically ribbed or smooth. Teeth obsolete or
absent. Short stoutnymph. Intcrior puncate. Shell margin
smooth" (Abbott, 1974:462), Some authorsuse Stawrtia
for our eastern Teniary species.

69. Pseudomtlthaanodonta(Say, 1824) (Synonyms: lncira
wdulaConrad, 1845; Lucina amcricana Conrad, 1863 of
Glenn, 19Q[, not of Conrad, 1838, nor Defrance, 1823;
S tewar tia anodonta intei rmiiusolsson and }larbison, I 953).
Shell of medium size, circular, compressed, smooth or with
roughened growth lines. Zone I Surry county and
Williamsburg:7-one 2, Isle of \Vight County; ktersburg,
Williarinsburg, Yorktown, Chuckatuck, Suffolk, and Hamp-
ton. L€ngth 59 mm, height 59.5 mm.

Subfamily Divaricellinae

Genus Divalinga Chavan, 1951
"The shells are white, nearly orbicular, ma*ed with ob-
liquely radiating lines that meet o one side of the center of
the disk. Lateral hinge teeth well developed; inner margin
of slrell denticulate" (Keen, l97l:125).

7 0. D ivalinga quadrisul cata (Orbigny, 1 &42) (Synonyms:
Lucina divaricata Lamarck of authors, not sf Lamarck,
1806; Lucina stigilla Stimpson, l85l: Lucina conradi
Orbigny, 1852;LucinaamericanaC. B. Adams, 1852, notof
Defrance, 1823). Shell small, very circular, slightly inflated;
sculpaueofcurving groovedchewons. Zone l,Williamsburg;
Z,one 2,W illiamsburg, Hampton, and Chuckatuck. Length
11 mm, height l0 mm. No other Yorktown bivalve can be
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confused with this distinct species,

Family Ungulinidae

Genus Dipldonta Bronn, 1831
"Shell thin, orbicular and strongly inflated. There are 2
cardinal teeth in each valve. The left anterior and right
posterior ones are split or bifid. Laterals obscure or absent.
Ligament external. Adductor scars subequal in size and
connected by a broad, ribbon-like pallial line. No pallial
sinus" (Abb ort, 197 4i464).

7 l. Diplodonta acclinis (Conrad, 1832) (Synonyms: Luciru
anaricanaDefrance of Conrad, I 838, notof Defrance, 1823,
Forbes, I 846, or C. B. Adams, 18521' Mysia acclrnu Conrad
Meek, I 864; D iplodonta ac clina Conrad of Bailey, 197 7).
Shell large for the genus, slightly inflated; beaks high,
central, directed anteriorly. Anterior dorsal slope curves at
a higher angle than the posterior. Hinge plate and teeth
strong. Sculpture of closely spaced growth lines, Zone 2,
Yorktown and Williamsburg. Len gth 3 3 mm, height 32 mm.

72. Diplodonta conradi McGavock, 1944 (Synonym:
Diplodonta soror (Adams) of Gardner,1944, not of C. B,
Adams, 1853). Shell small, obliquely oval, with high
anteriorly placed beaks. Sculpture of growttr lines which
may have inegular hollow pustules associated with them.
Microscopic sculpture descritred by Gardner (1944) not
developed on the Virginia qpecimens, Znne2, Yorktown
and Hampton. Length 16 mm, height 16 mm. Clench and
Turner (1950) have illustrated the lectotype of Diplodonta
soror (C. B. Adams). It is a circular, inflated shell with high,
contrally placed beaks and concave dorsal slopes. No
surface sculpture is visible. Diplodonta conradi is more
obliquely oval with convex dorsal slopes. The Duplin
specimen figured by Gardner is conspecifrcwith D iplodonta
co nradi,batlhave not examined her Waccamaw specimens.

7 3. D iplofu nta rurcleifurmrs (Wagner, 1 838) (Synonyms:
Abra nucleifurmis Wagner, 1838; Iaripes elevata Conrad,
l8/,4; Cytherea sphacricaH.C. Lea, I 843; G envu sphoerica
(Lea) Meek, 1864; Dione splwrica (Lea) Meek, 18il; Mysia
carolinensis Conrad, 1873; Diplodonta splaeromorpla
Gardner, 1926). Shell small for ttre genus, perfectly circular
and very inflated. Beaks central, perpendicular to the hinge
hne. Tnne 2,Petersburg, Williamsburg, Yorktown, Hamp-
ton, Chuckatuck, and Chesapeake. Lenglh 6 mm, height 5.5
mm, width (single valve) 2.1 mm.

74, Diplodonta punctulata (H. C.Lea, 1843) (Synonyms:
Psamrncola iaeirwides H. C. Lea, 1843, not of Deshayes,
1824 : D ip la do nt a I e arcD all, I 900, replacement name for P.
Iucinoides; Diplodontayorkensls Dall, 1900, in part, not the
holotype; Diplodonta ochlockoneeasrs Mansfield, 1932;
Diplodonta berryiMcGavock, 1944). Shell small, typical of
the genus, roughly circular, with low beaks; moderately
inflated. Posterior dorsal slope higher and more angular than
anterior. 7.ane 2, Petersburg, Williamsburg, Hampton,
Chuckatuck, Suffolk, and Chesapeake. Lea's holotype
(FigureT4a) length 8.29 mm, height7.84 mm. McGavock's
holotype (Figure 74b) length 13.59 mm, height 13.18 mm.

The holotype of Diplodonta punctulata shows the "sugary"
or frosted external microsculpture occasionally found in this
genus, but this feaurre is mostly worn away in the type of P.
lucinoides. The type of Diplodonta berryihas the micro-
sculpture well-preserved. The type lot of. D, berryi includes
a thicker- shelled, more inflated pair with very sturdy
dentition, and a thin-shelled, less inflated pair with a more
delicate hinge . Both D iplodont a punctulata and P samno cola
lucinoides are juveniles of the second form, but Dall's
holotype of Diplodonta leana is the heavier morphotypg.
The two forms share the same outline and frosted micro-
sculpture, and are here considered lo r-epresent a single
species. Gardner (1944) correctly demonstrated that Dall's
holotype ofD . yorkensis was a Cooperella, conspecific with
his Cooperella carpenterd (see species l&4 of this work).
However, the paratypes are specimens of a small, frag'
mented Diplodontn, apparently juvenile D. punctulata.
Lucina subobliqw Say, 1824, judging from the description,
may be the oldest name for this species, but without type or
figure, the exact identity of Say's species remains
uncertain.

Subgenus Timothyilluts Harris and Palmer, 1946
(Replacement name fot Sphaerella Conrad)
Large, glotose diplodontids with aneriorly directed beaks
(see Ward, 1992).

75. Diplodonta snbvem (Conrad, 1833) (Synonyms:
V e nerupis srlDv exaC-onrd, t833; Spltaerella subvexaCow&,
1838; Erycina subconvexa Orbigny, 1852; Diplodonta
subrexa (sic) (Conrad) of Bailey, 1977). Shell of medium
size, gigantic for the genus, thin, fragile, well inflated. Beaks
large, central, well inflated. Surface smoqth except for
growth lines. Zone 2, Isle of Wight County, Chuckatuck,
Williamsburg, Yorktown, Rushmere. Length 32 mm,height
29 mm, paired diametsr 22 mm. D iplodonta subvexnis v ery
closely related tb the Recent Diplodontaverrilli Dall, 1900,
differing only in averaging about a third larger in adult
dimension. Juvenile Diplodointa subve.ra are indistinguish-
able from South Carolina populations ofDrp lodo ntaven illi.

Superfamily Chamacea
Family Chamidae

Genus Cluma Linnaeus, 1758
(Synonym: P seudoclnmn Odhner, 19 17)

Chamas are irregular in shape and sculpture and may be
attachod by either the left orright valves. The attached valve
is deeper cupped and coiled, clockwise in left-atached
forms, count€rclockwise in right-atached forms. The unat-
tached valve is flat or slightly convex (operculum-like).
Most systemists regarded right-atached species as a sepa-
rate genus, Pseudoclunw, but Younge (1967) has shown
Pseufuclwnwlo be a form genus, lacking biological valid-
ity.

KEY TO YORKTOSfN FORMAfiON Cframa SPECIES
l. Attached valve coiling clockwise . . . . . . . 2

Atached valve coiling counterclockwise .C. corticosa
2. Unatachedvalveoval!ocircularinoutline. C. congre gaa

Unattached valve rectangular in outline . . . .C. emrrcnsi



30 VIRGINIA DIVISION OF MINERAL RESOURCES

7 6. C lana congre gataConrad" I 833 (Synonym:" Crepidula
species" Jasper Burns, f 99 I ). S hell small to medium in size;
unattached right valve oval to circular in outline with low
axial corrugations and, in some specimens, a few short flat
spines. Fine crenulations on the inner margins of the valves.
Attachedleftvalvecoiledclockwise. Zone 1. Williamsburg;
Middlesex County; Zone2. James City, Surry and Isle of
Wightcounties, Petersburg, Williamsburg, Yorktown, Ilamp-
ton, Chuckatuck, Suffolk and Chesapeake Length 20 mm,
height 23 mm.

77. Chana corticosa Conrad, 1833 (Synonym: Chatna
agassizii "Wagner" Dall, 1898). Shell large, massive,
subcircular, attached by the counterclockwise coiled right
valve. Juvenile and occasional adult specimens sculptured
with thin, ruffled lamellae; typical adults rough, irregular in
sculpture. Tnne2,Isle of Wight and James City counties,
Petersburg, Williamsburg, Yorktown and Suffolk. A com-
mon host species for endolithic bivalves suchas Litlnphaga
and G astro c hae na. Length 44 mm, height 52 mm ; Spamer
and Forster (1988, pl. 4) figure the syntypes of Clana
agassizii,WFls 5355.

78. Charm emtnonsiiNicol, 1953 (September) (Synonyms:
Chann striataEmmons, 1858, notof Smith, 1817; Clarru
gardnerae Olsson and Harbison, 1953 (November)). Shell
small in size; attached by deep left valve and coiled clock-
wise. Adult form slightly smaller than other Yorktown
species. Inflected venral margin giving a distinctive squar-
ish outline !o the species. Zone 2, Isle of Wight County,
Chuckatuck and Chesapeake. Length 11.5 mm, height 12.5
mm.

Nicol did not establish a lectotype, so the type of C.
emrnonsi must remain that figured by Emmons. Olsson and
Ilarbison (1953) argued that Emmons' name should be
restricted to his "unrecognizable" figure because his original
type is lost. However in my judgment Emmons' figure is
definitely a typical juvenile specimen of this species and C.
emrnonsiisconsidered tobe the valid name. All three names
are found in sfatigraphic works and a consensus does not
exist. This species is common inboth Duplin andWaccamaw
faunas of North Carolina (Gardner, 1944).

Superfamily Galeommatacea

"Small bivalves, mostly symbiotic with other invertebrates,
these clams have adapted to life in the burrows of crabs,
worms, etc., where they find a food source in the material the
host winnows out of the water. They are not parasitic, for
they do not feed directly on the tissues of the associate. They
may, however, attach themselves by abyssus to some special
crevice of the host, and the valves may be distorted by
pressure--adding to problems of recognition for the system-
atist. The group has been relatively little studied" (Keen,
l97l:131).

A number of Yorklown species have been described.
Most are thin, smooth shells with few distinguishing fea-
tures. The outline of the shell, extent of inflation, placement
of beak, and number and arrangement of hinge teeth are
diagnostic.

Family Lasaeidae

"Small, fragile, inflated, translucent" (Abbofl, 1974:468)
"somewhat compressed shells, the hinge plate with cardinal
and lateral teeth in both valves, a riangular but ill-defined
socket indenting the center ofthe plate for the reception of
the internal ligament" (Keen, 1971:135).

Genus Erycina Lamarck, 1805
"Shells 5 to l0 mm, whi0e, ovate to oblong, thin. Resilium
internal, lodged in a small, elongaleresiliferbehind the beak
and under the shell margin. Teeth of 1 or 2 minute cardinals
and 2lateral laminae in each valve. Typ: lucidalamarck,
1805. The American species attributed to this genus :ne
questionably placed" (Abbott, 197 4:468).

79. Erycina carolinensis Dall, 1900. Shell small, smooth,
rectangular and very compressed; beaks opisthogyrate, about
l/3 the distance from the posterior end. Length, 7.48 mm,
height 5.23 mm. Zone2, Williamsburg and Chuckatuck.
This is one of the largest of the Yorktown galeommatid
clams.

Family Kelliidae

"Hinge with two cardinal teeth and srong posterior laterals;
ligament wholly internal, in a socket that forms a gap behind
the cardinal teeth on the hinge plate" (Keen, l97l:137).

Genus Bornia Philippi, 1836
"Subtrigonal, white, smooth or with minute striae; hinge
plate narrow, with stong lateral teeth and sockets; adductor
muscle scars unequal, placed high in the shell; interior
punctate in some" (Keen, 1971:137'1. "Shells 5 to l0 mm,
with high umbones, subtigonal to elliptical" (Abbott,
r974:469).

80. Bornia lioicaDall, 1900 (Synonyms: B orniavir giniana
Olsson, l9l4; Bornia bladenensis Gardner, 1944). Shell
small, wider than high, oval in outline; well-inflated, beaks
nearly central. Tnne 2, James City and Isle of Wight
counties; Chuckatuck. Length 6.08 mm, height 4.49 mm.
Unique among Yorktown leptons, this species develops
inegular undulating radial folds along the ventral half of the
adult shell. However, there is considerable variation in the
number of folds and the stage of ontogeny when the folds are
initiated. A rare but widely disributed Pliocene species.

81. Bornia rotaDall, 1900 (Synonym: Bornia triangula
Dall, 1900, in part, paratypes only). A very small, obliquely
circular species, moderately inflated with beaks central.
Zone 2 , Petersburg and Chuckatuck. Length 3 .0 mm , height
3.3 mm. Gardner's illustrations (1944, pl. 14, figs 3 and l0)
of " B ornia tr ian gula" paratype,s belong rather !o this smaller,
rounder species. Great care must be exercised to distinguish
this minute species from the early juvenile stages of larger
bivalves, especially those of Plcn icardium acutilaqueatwn
(Conrad, 1838).

82. B o r nia tr ian g ul aDall, I 900 (S ynony m: Ke ll b tr ian gul a
H. C. Lea, manuscript name). Shell small, very thin,
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moderately inflated, with a distinctly riangular outline;
beaks central. Tline 2, York and James City counties,
Petersburg, Yorktown, Hampton, Suffolk, and Chuckatuck.
Length 7.22 mm, height 5.83 mm. Gardner's (1944) state-
ment that a continuous growth series exists between the
smaller, rounded paratype (= Borniarolc, see species # 81)
and the adult holotype of Bornia triangula is refuted by a
careful examination of growth lines.

Genus AllgenaH. C. Lea, 1846
83. Aligena striata H. C. Lea, 1843 (Synonyms: Aligena
aeqwta (Conrad, 194-{); Ery cina s ubs tr iata (Orbigny, 1 852);
Aligena aequtta nuda Dall, 1900). Shell small, inflated,
ovale-triangular, very thin and fragile. Sculpture ofvery
thin, even, concentric lamellae, or rarely obsolete. 7nne2,
Pelersburg, Chuckatuck, and Smithfield. Length 8 mm,
height 6.2mm.

Family Leptonidae

"Compressed, beaks small; hinge plate little indented by
ligament or resilium ; pallial line irregular and.well-removed
from the venral margin" (Keen, 1971:139).

Genus Sole catulit Conrad, 1849
"Elongate-quadrate, with a fine surface pattern of minute
punctuations. Hingeplate wide, hinge teeth well developed"
(Keen, 1971:139)

U. Solecardia cossnani Ddl, 1900. "Shell thin, nearly
equilateral, rounded atboth ends, the posterior end blunter,
shorter, and higher than the antorior; surface with rather
irregular obvious incremental lines, smoother near thebeaks;
base nearly sraight, posterior dorsal slope arcuate, descend-
ing; anterior arcuate, beaks low, inconspicuous; right valve
with the tooth narrow, slender, in a transverse vertical plane,
the anterior dorsal margin expanded slightly just in front of
it, the scar of the resilium strong, narow, oblique; left valve
with the tooth flattened in a horizonal plane, the anteriorpart
longer; interior with faint, obsolete radiations; adductor
scars ratherlarge, ovate; margins entire" (Dall, 1900: I125).
TnneL,Petersburg (type locality). Length 8 mm, height 5.2
mm.

Family Montacutidae

"Shells slightly !o moderately inequilateral, with a socket
below the beak for the resilium; hinge with one somewhat
hook-shaped tooth near the center (not a true cardinal tooth
but the bent-up end of the anlerior lateraD and one or more
posterior lateral teeth" (Keen, l97l : 140).

Gents M onta c uta T w tan, lE22
'Shell thin, obese, transversely ovate, no pallial sinus.
An0erior part of the hinge in the right valve, with a narrow
lamina having minute cardinal hook at the end; left valve
with a similar, reduced lamina" Resilium strong, internal,
posterior, sea@d on nymphs of which the right one is usually
smaller" (Abbott, 197 4:47 l).
85. Montacuta clvsapeakensrs Campbell, new species.
Shell small, possibly immature; smooth save for weak lines

of growth; very inflated; ovate-rectangular in outline. Beak
central and relatively high; dorsal margin straight and higher
than either of the previously described Yorktown species.
Muscle scars oval-elongate, pallial line even and distinct.
Type locality, Deep Creek pit, end of Cookes Mill Road,
near Yadkin, Chesapeake, Virginia. The unique type was
found in the upper, shell sand sediments and belongs to Zone
2. Irngth 1.99 mm, height 1.84 mm.

Etymology: named for Chesapeake, Virginia.

86. Montacuta petropolitanaDall, 1900. Shell small, thin,
smooth, subrigonal; moderately inflated; hinge with a
strong anterior cardinal bent obliquely forward. Beak
prominent and posteriorly placed. Tnne 2, Petersburg.

Length 5.75 mm, height4.5 mm.

87. Montacuta sagrinata Dall, 1900. Shell small, oval,
inflated; hinge with a forward projecting anterior cardinal
tooth; beaks small and nearly cenral. Surface roughened by
low concentric ridges. Tnne2,Yorklown and Chesapeake.
Length 7.5 mm, height 6.0 mm.

Genus Orobitella Dall, 19fi)
"Resembling Aligena in the arrangement of the hinge, but
with stronger leeth and a wider hinge plale; outline of shell
tending 0o be more quadrate" (Keen, l97l:I42).

88. Orobitella laevis (H. C. Lea, 1843) (Synonym: Erycina
sthlaevis Orbigny, 1852). Shell small, smooth, ovate-
rigonal, with beaks slightly posterior. Posterior dorsal slope

steeper than anterior; hinge with a strong, forward-directed
cardinal. 7nne2, Petersburg. Length 5.6 mm, height 4.6
mm. Lea (1843) originally placed this species rn Aligena,
and Dall ( 1900) hesitantly referr ed it n F ul crella. It is here
referred w Orobitella because of the apparently internal
ligament (see Gardner, I 944 , for illustration) and the general

similarity n the Orobitella species in Keen (1971).

Genus MyselhAngas' 1877
'subquadrate tlrrounded-trigonal, with prominentumbones,
an0erior end longer; hinge plate stout, with a short central
resilifer, bordered by two teeth in the right valve" (Keen,
1971:140).

89. Mysella bladenensis Gardner, 1944. Shell small,
exceedingly thin and fragile; laterally compressed, rather
rectangular in outline; with a small, pointed beak. Lateral
teeth long, thin, and sharp. Zone 2, Chuckatuck. Irngth 5.1
mm, height 3.78 mm.

90. Mysella spatula Campbell, new species. Shell small,
relatively heavy and strong, spatulate in outline. Beaks high,
prominent, placed about two-thirds the distance from the
anlerior end. Cardinal area an open hrch with small, sharp,
tooth-like projections at the base; lateral area with short and
rather slout lamellae. Muscle scars and pallial line typical
of the genus. Exterior smooth save for faint lines of growth.
Type locality,Tnne?level, Deep Creek pit" end of Cookes
Mill Road, City of Chesapeake. Length 3.33 mm, height
2.18 mm.

This species is more solid than Mysella bladenensis md
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also differs in outline. Mysella stantoni is much more
inflated and has more posteriorly placed beaks.
Etymology: named for the spatulate shape of the shell.

91. Mysella stantoniDall,lg00. Shell small, inflated; beaks
low and posteriorly placed. Tnne2,Southampton County,
Chuckatuck, and Chesapeake. Length 5.3 5 mm, height 3.72
mm.

Superfamily Cyamiacea
Family Sportellidae
"Shells 5 - 10 mm, elongate, thin. Surface chalky, smooth,
or pustulated" (Abbofi, 1974:475). 'll-igament external, on
a small nymph or platform , in some with an additional small
pit for the resilium on the hinge plate" (Keen, l97l:144\.

Genus PythinellaDall, 1899
"Inequilateral, Eigonal, with prominent umbones, anterior
end longer and produced, the ventral margin sraight or
somewhatindented. Hinge as in Mysella". (Keen, 197 l:144).

92. Pythinellafilicaticola (Olsson, 1914). "Shell small,
elongatedand with the anteriorend much produced andone
anda half timesagain as longas theposterior; anterior-dorsal
margin straight with the extremity evenly rounded; poste-
rior-dorsal rnargin curved behind the beak, becoming suaight
posteriorly and terminating in the well-rounded basal ex-
nemity; basal margin with a moderately deep insinuation
pointing toward the beak" (Olsson, 1914:56). Tnne2,lsle
of Wight County, and Chesapeake. Length,3.0 mm, height
1.75 mm.

Olsson (1914) sates that several pairs were found
within aspecim enof Hesperisterniafilicata(Conrad). Abboft
(1974\ notes that the Recent genotype is symbiotic with
sipunculid worms occupying gasftopod shells. Hence, this
species may provide indirect evidence for Yorktown
sipunculid worms.

Genus Sportella Deshayes, 1858
"Outline ovate-quadrate, nearly equilateral, umbones me-
dial or near anterior end; hinge with one or two large teeth;
ligament mostly external, on a small nymph". (Keen,
r97r:r44).

93. SporuUa chesapeakensis Campbell, new species (Syn-
onym: Sportella gibberosaGardner, of Campbell and others,
1975 (in part, Yorktown records only). Shell small, shrrdy,
compressed; anterior evenly rounded; posterior slope elon-
gated, tapering; ventral margin straight. Resilifer pit ob-
lique, rectangular, and deep, with tooth-like projections on
either side. External sculpture smooth except for faint
concentric encremental lines. Beals central, prosogyrate;
muscle scars weakly developed; pallial line entire. 7,one2,
Chesapeake and Chuckatuck. Type locality, Deep Creekpit,
end of Cookes Mill Road, City of Chesapeake. Length 2.9 I
mm, height 2.ll mm.

This species was at first confused with the Waccamaw
species Sportella gibberosa Gardner, 1944, irs probable
descendant species. S. gibberosa is slightly larger, decid-
edly more inflated, and is not quite so produced posteriorly.

Etymology: named for the City of Chesapeake.

94. Sportella constricta (Conrad, 1841). Shell large for the
genus, heavy, and very inflated; hinge teeth large and snong;
beaks posteriorly placed. Fine incised concentric lines may
or may not be present 7,one 2, Yorktown, Chowan River
beds at Chesapeake. Length 15 mm, height 9 mm.

This is the type of the subgenus FcbellaConrad, 1863.
Dall (1900) records the species from thebluffsatYorktown.
It occurs occasionally in equivalent strata in the Carolinas,
but I know of no other Virginia Yorktown occurrence. The
types from the Natural Well site near lvlagnolia, North
Carolina, are lost, but Conrad apparently used different
specimens for his two figures (Conrad, 1841, here repro-
duced as figure 94a, and Conrad, 1845, as figure 94b). Dall,
1900, illusrated aCaloosahatchee Riverspecimen, a figure
copied by Gardner (944), but Olsson and Harbison (1953)
noted that the Caloosahatchee malorial is not conspecific
and erected the name Sportella (Ffuella\ dslli for Dall's
specimen. Natural Well specimens in the USNM Biological
Collections include the variations shown by Conrad's draw-
ings (figure 94c).

95. Sportetla pelex Dall, I 900. Shell small, ovate-triangu-
lar; smooth. Posterior dorsal slope steep and blunt, marked
on the exterior by a small radial ridge; beaks posterior. Zone
2, Petersburg and llampton. Irngth 7.3 mm, height 5.5 mm.
Sportella pelexdiffers from Sportella chcsapealccnsis by ia
larger size and much shorter posterior slope.

96. S por telta p e tr o pol innaDall, I 900. S hell small, smooth,
somewhat elonga[e; with beaks low and nearly cenral
Dorsal slope forms an even arc. Tnne 2, Petersburg,
Hamplon, and Chuckatuck. Length 5.75 mm, height 3.75
mm. In size, outline, and external features, Sportella
petropolitanc resembles the semelid clam Emilia lataDall,
I 898, butan examination of the hinge immediately separates
the two.

97. Sportella yorleensk Dall, 1900. Shell small; ovate-
fectangular; smooth, compressed. Zone2, Yorkown, Hamp-
!on, and Chuckatuck. Length 7 mm, height 5 mm . Sportella
yorkcnsk is smaller, more compressed, has a more sloping
dorsal margin, and has more centrally placed beaks than
Sportella constricta.

Genus Ensitellops Olsson and Harbison, 1953
Very small, fragile sportellid clams in which the posterior
end is extremely elongated. Sculptwe of microscopic
beading.

98. Ensitellops compressa (H. C. Lea, 1843). "Shell very
transverse, very inequilateral, subelliptical, compressed,
posteriorly subtruncate, anteriorly rounded, thin, striate
posteriorly and anteriorly; striae very small, concentric;
basal margin straighq, dorsal margin straight; beaks some-
what acute, prominent; teeth 2, small, divergent... The
concentric lines of growth are very small. They are visible
on the anterior and posterior portions of the shell. On the
cenral part they are obsolete,leaving it smooth. The teettr
are small and unusually divergent for a Petricola' (H. C.
I*a, l&46:239). 7-one2,P e.tsrsburg and Chuckatuck. I*ngttr
6.3 mm, height 3.2 mm. This species is separated from
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Ensitellops protextaby "a heavief shell, by an elongale and
oval rather than a sublanceolate outline, and by the absence
ofpunctae on the external surface" (Gardner, 1944:85).

99. E nsitello ps pr otexta (Cowd, I 84 1) (SBonym,s: H iatella
lancea H. C. Lea, 1843; Ensilellops elongata Olsson and
Ilarbison, 1953). Shell small, exceedingly narrow and
elongate; exterior surface with small, inegular pustules
easily lost through abrasion. 7nne2, tsle of Wight County,
Petersburg, Hampton, and Chuckatuck, Length 10.94 mm,
height 3.76 mm.

Genus Anisodonta Deshayes, 1858
*Subquadrangular, narrowly transverse, anterior end short,
attenuated. Posterior end long and broad. Hinge with
irregular anterior laterals, partly fused to the anterior cardi-
nals. Posterior laterals long. With a very Rarow resilium
and a short, flat, broad nymph. The type is complanata
Deshayes, 1858" (Abbott, 197 4:47 6).

100. Anisodonta americana Dall, 1900. Shell small,
rectangular, with a bifurcating resilifer pit. Surface rough-
ened, anterior end on non-abraded specimens is pustulose.

Tane 2, Hampton and Chuckaurck. Length 11.95 mm,
height 7.15 mm.

Gcnus P aramya Conrad' 1851
*Shell small, subquadrate, concentrically striate, beaks an-
teriorto ttre middle line. No hinge teeth orext€rnal ligament.
Hinge with a triangular, vertically directed pit for the
resilium, the later borders of the pit sometirnes carinated.
Pallial line more or less broken up, and no sinus present"
(Abbott, 1974:573). Note: this may be a synonym of
Anisodonta (see discussion below).

l0l. Paranrya subqvata (Conrad, 1845). Shell small,
slightly inflatqd, olongate, oval to rectangular in outline.
External surface ganular or pustulose, with concentric
growth lines. A slight inflection runs posterior from the
beak, Bgaks low, prosogyrate, a little forward of center.
Resilifer pit narrow, flanked by laterally projecting cardinal
teeth. Muscle scars distinct, with a raised radial ridge
bordering the inner margins. 7nne2,HarnpCIn and Chesa-
peake. Length l2mn,height 6.2mm.

Dall (1900) clearly wavered betwsen a leponid and a
corbulid assignment for this genus, but following his corbulid
decision, no systemist has apparently challenged the place-
ment of this species. The well preserved Yorktown speci-
mens now in handhave thethin shell,hinge, and granularto
pustulated surface of a sport,ellid. Additionally, the Recent
mollusc traditionally assigned to this species (the type is
fossil) lives commensally with an echiuroid worm, a typi
cally sportellid habit otherwise unknown among corbulids.
In my opinion, Parawya is very close to Anisodonta, and
may be a junior synonym of it. Recent Pararnya subovata
from surf wash in South Carolina are thinner, smoother, and
more regular in form, and may or may not prove to be
conspecific. Shell microstruJture of the Recent form,
however, suggest$ myid affinities more compatible with
corbulids (J. Carter, 1990, personal communication). Mi
crostructure of the Yorktown material has not yet be€n

examined.

Family Carditidae

Genus C arditameru Conrad, 1838
Moderare sized shells which re elongate, subrectangular,
heavy,and with srong radial ribs. Beaks anteriorly placed,

lA2. C ar ditanura qata (Camad, I 832) (Synonyms: Cwdiu
carinata Conrad, 1832, non Bruguiere, t79l; Cardita
psefu carirwta Orbigny, L852; Carditanura nacropleur a
Conrad, 1870; Carditanera arata lmrveygnsis Mansfield,
1932; Carditomera arata verdevilla Gardner, 1944;
Cypricardia arata (Cowad) Mongin, 1957). Shell heavy,
elongate,rectangular, withabout 15 broadradialribs, Young
shells with scaly flutings on the posterior ribs. Maximum
size, ext€nt of fluting, and snength of ribbing variable
between localities. Tnne 2, ubiquitous. Length 50 mm,
height 21.5 mm.

Genus Plcwomeris Conrad, 1867
"Shell tiny, convex, triangular. Lunule small (elongate),
restricted to the left valve; the escutch.eon minute and poorly
defined" (Abbott, 1974:477).

103. P Ie ur ome r is de c emco stata Cowad, I 867 (Synonyms:

Cardita tridentata Say of Conrad, 1865, not of Say, 1826;

Cardita abbreviata Emmons, 1858, not o{ Conrad, 1841).

Shell small, very solid, with l0 to 13 radial ribs crossed by
concentrie beaded, threads; beaks cenral and relatively
high. Chowan River beds, Chesapeake. Length ? mm,
height 5.2 mm. This species resembles P/e wonuris tride ruata
(Say, 1826), but has fewer and lager ribs and more distinct
beading.

lM. P le w orner is tr ide nt at a(Say, I 826). S hell small, solid,
rigonal, wittr 14 to 18 radial ribs. Ribs weakly beaded.

Cardinal teeth heavy. Length 7 mm, heightT mm. Zone 1,

Middlesex County, Williamsburg; 7-oae 2, ubiquitous.

t04a Pleuromeris auroraensk Ward and Blackwelder,
1987. Shell very small, rigonal, solid. Anterior and
posterior slopes nearly sraight, ventral margin well rounded.

Sculpture sf 12 n 14 fla, very low radial ribs with very
nailow interspaces. Concentric growth lines prominant,

beading absenL Beaks high, narow, centally placed.
Central cardinal triangular, massive. Ventral interior mar-
gin denticulate. Chowan River beds, Chesapeake. Irngttt
4.68 mm. This species is proportionally higher than the other
two species, has straighter sides, loryer ribs, narrower
interspaces, and lacks the beading characteristic oftheother
two. plsur6meris scituloides (Olsson, 1914) from the
Floridian Pliocene resembles P . auroraensis, but it is higher
than wide, with fewer ribs and more deeply incised
intospaces.

Genus Pteromeris Conrad, 1862

Very small, solid, compressed crditids with a concave
anterior-dorsal slope. Sculpture of low, flat, radial ribs.

105, Pteronnris abbreviata (Conrad, l&41) (Synonyms:
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Glans perplana (Conrad) of Richards, 1947, not of Conrad,
1841; ? Astarte radians Conrad, 1845). Shell very small,
compressed, spatulate, with very highbeaks. Sculptureof I 8
to 20 flat radial ribs; hinge typical of the family. Tnne2,Isle
of Wight County, Williamsburg, Yorktown, Hampton,
Chuckatuck, and Chesapeake. Length 6 mm, height 6.5 mm.
Pteromcris perplana (Comad, 1841) is a larger, more com-
pressed shell with fewer and wider ribs. It has frequently
been confounded with P. &breviata in literature, possibly
because the latter might on casual examination be taken to
be the juvenile of the former.

Genus Cyclocardia Conrad, 1867
"Short" compressed; ribs triangular, beaded; beaks low"
(Keen, 1971:109).

106. Cyclocardia granulatc (Say, 1824). Shell small to
medium in size; heavy, circular to oval. Generally height
greater than width. Ribs 19 to 25, averaging 22; ribs broader
over the center of disk, beaded in the early stages of growth.
Zones 1 and 2, ubiquitous. Length 24 mm, height 30 mm.
Cyclocardia borealis (Conrad, 1831), a Pleistocene and
Recent species, has been synonymized with Cyclocardia
granulataby some authors, but Dall (1903) considered them
to be distinct. The Pleistocene shells I have examined have
been more circular, heavier shells, and the Recent Boreal to
cold-temperate range is incompatible with the warm-tem-
perate to subtropical range of Cyclocardia granulata.

Popenoe and Findlay (1933) report specimens of
Cyclocardia granulata from the Waccamaw of the Cape
Fear River, North Carolin4 which have a transposed hinge,
reversing the normal left andright valvetoothpatterns. Such
mutation has notbeenreporled from the Yorktown,butgiven
the abundance of this species in many of the deposits, such
a study might prove of interest.

Family Condylocardiidae

Genus Erycinella Conrad, 1845
Very small, oval, solid shells with low, flat, radial ribs and
heavy dentition.

107 . ErycbrcllaovalisConrad. 1845. Shell very small, solid,
heavy, oval. Hinge large. Cardinal teeth heavy, two in each
valve. About 20 low or rarely obsolete radial ribs. Interior
margin crenulate. Zone2, Yorktown,flampton,Chuckatuck,
Suffolk, and Chesapeake; Chowan River at Chesapeake.
Length 2.6 mm, height 2.9 mm. Moore (1962:82) notes that
the type lot of this species includes specimens from the
English Crag. Heilprin (1884) compared Ery cinella ovalis
withGoodalliapygmaeaS. Wood, 1840, from the Cragand
concluded thatthe two were identical. Of the few subsequent
references to this species, none follow Heilprin's synony-
mizing, but it seems likely that Heilprin left the comparative
lotadmixedwith Conrad's material and ttrey haveremained
there to the present time.

C*nts Astarte Sowerby, 1816
"Shells compressed, heavy, subovate,2 muscle scars joined
by a pallial line, no pallial sinus. Hinge tridentate in each
valve" (Abbott, 1974:480).

108. Astarte arata Comad. 1840. 'Shell ovate-trigonal,
convex, with concenfiic scalariform sulci and fine interme-
diate striae; lunule very large, ovale, deeply concave; base
very regularly arched; posterior extremity subtruncated;
margin crenulated" (Conrad,l840:42).7nne 2 ?, City Point
(tlopewell, type localiry), and Southampton County (Gardner,
1944). Length 26 mm,height 26 mm. This species has not
been rediscovered in the present study nor can it be satisfac-
torily synonymizedwith any of the following species. Itmay
be the species later named Astrate roanolccnsis Gardner,
1944, or possibly Astarte berryi Gardne1 1944.

109. Astarte berryi Gardner,1944. Shell of moderate size,
ovate-trigonal in outline, heavy and inflated. Beaks central,
moderately high. Sculpture of.somewhatregular concentric
ribs with wide interspaces; concen8ic irregular sriae also
present. Zone 2, Suffolk and Southampton County. Length
25.0 mm, height 27.2mm.

'1.10. Astarte colrcni Conrad, 1840 @ossible synonym:
Astar te tlnmasi Comad, I 855, fi de Dall, I 903). Shell ovate,
heavy, well-inflated; beaks central, pointing forward. Sculp-
ture of low, concentric ribs with much wider interspaces;
interspaces narower and more deeply cut on the beaks.
Tnne ?,lancaster County. Length of holotype 18 mm,
height 17 mm. The type is illustrated. I have not collected
in Lancaster County, and cannot document with certainty
whether this species belongs to the Yorktown or 0o the
EastoverFormation. Gardner (1944) and Dall (f 903) record
Astarte colvni from Yorktown localities, although Dall said
it was the most common species along the York River,
Gardner failed to record it there. They both describe the
species as a small Astarte and Gardner emphasizes com-
pressed valves. Apparently, neither author had tue Astarte
colrcni, and their distributional data must therefore be re-
jected.

ll}a. Astarte grifionensis Gardner, 1944. This sriking
species was described from the North Carolina Yorktown. It
has not yet been found in Virginia (see Appendix I.)

lll. Astarte sp. cf. A. emkataComad, 1841. Shell small,
rigonal, inflated, heavy; ventral margin well-rounded. Dorsat
margins concave, baks very high. Sculpture of concentric
ribs on the beaks, becoming undulatory over the disk.
Lunule very large and deep . Tnne 1, Surry and tsle of Wight
counties, Yorktown, Williamsburg, and Hopewell. Length
of holotype 17 mm, height 17 mm; length of a7-one I
specimen (l I la) 7.5 mm, height 8.0 mm. The type locality
for Astarte exaltata is Calvert Cliffs, Maryland. The holo-
type (fig. 1l f) is higher and more aigonal than the Tnne I
ta(on Eaditionally assigned to tttis species.

ll2.Astste concentrica Conrad, 1834 (Synonyms: Astarte
lineolataH. C. Lea, 1843, non Roemer, 1849; A starte bella
Conrad, 1863; Astarte concentrica conrdi Gardner, 1944;
not Astarte concentrica Goldfuss, 1837). Shell trigonal,
compressed, of moderale size; ventral margin rounded;
sculpture of fine, crowded concentric ribs; beaks forward of
center. Relative heightand sculpnre quite variable. Tnne
2, ubiquitous; Chowan River beds at Chesapeake. Length
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23mm,height2l mm.
Mongin (1957) cites "Astarte concentrica Goldfuss,

1827*, a date which would necessitale the abandonment of
the familiar usage of Conrad. After much unsuccessful
search for Goldfuss's L827 usage, I submimed the problem
to Mr. Richard Petit who has resolved the matter. Mongin
cited the date of the first section of Goldfuss's work which
spanned 1827 to 1844. His achral publication of Astarte
concentica dates from 1837, making his usage the junior
homonym.

Popenoe and Findlay (1933) report Yorktown speci-
mens of Astcrte concentricc from Grove Wharf with fans-
posed hinges, reversing the normal left and right valve
dentition patterns.

ll3. Astarte r oanokensis Gardner, 1944 (Synonyms: A$arte
lertfordensis (fig. I 1 3a) Astc rte lurtfordensis nuheninensis ,
Astarte stephensoni (fig. I l3b), allGardner,1944). Shell of
moderate size, large for the genus, nigonal, oblique. Beaks
relatively high, anteriorlyplaced. Disk smooth orwith low
undulatory concentric ribs and irregularly spaced incised
lines. Zone 2, Isle of Wight and Southampton counties,
Hopewell, and Suffolk. Length 23.9 mm, height 24.4 mm.
This species is variable in relative proportions, degree of
inflation, and strength of sculpture. The more heavily
sculptured forms were given the nameAstcrte stephensoni,
and the relatively higher forms with their narrower beaks
were called A starte roanokensis. Gardner observed that the
extremes of variation in her subspecies "approach Astarte
roanokensis on the one hand and Astarte stephensoni on the
other" (Gardne4 1944:54). IOf thevarious names available,
Astarte roanokcnsis has page priority. This species re-
sembles Astcfte castanea Say, 1822, of the Recent fauna.

ll4. Astarte synmetric a Comad, I 834 (Synon ym: Astarte
orbicularbr Meyer, 1888). Shell small, very circular.
Beaks moderately high, centrally located. Surface smooth
or with widely spaced, incised growth lines. Tnne 2,
Petersburg, Hopewell, Williamsburg, Chuckatuck, Hamp-
ton, and Chesapeake; lower Chowan River beds at Chesa-
peake (worn single valves, probably reworked).

ll5. Astarte undulata Say, 1824 (Synonyms: Astarte
bipartita Sowerby of Lyell, 1M5, not of Sowerby, 1826;
Astarte undulatavaginulata Dall, 1903; Astarte undulata
de lt o ide aGafiner, 1944). Shell small, trigonal, compressed.
Beaks anterior, acute; umbonal area flattened, at a slight
angle to the remainder of the disk. Sculpture of concentric
undulations, sEongest on the flattened umbonal area.
Interspaces wide, rounded, deeply excavated. Zones I and
2, ubiquitous. This is a variable species in outline and detail
of sculpture. Typical Astarte undulata undulata (ng. 115)
is found throughout Zone 2. It is a relatively thin shell with
undulations passing over the entire disk. Both Astarte
undulata dehoidea(fig.I 15a, c, and d) andAstarte undulata
vaginulata(frg. I l5b) are heavierTnne I shells in which the
concentric sculpture is stronger at the beaks, becoming
obsolete with mafire grow&.

Length Height
Astarte mdulataund,ulata 28.5 mm 25.0 mm
Astute wdulatavaginulata 2l mm 2l mm
Astarte mdulata dcltoifua 22.4 mm 27.5 mm

116. Astarte vicina Say,1824. "Trigonal with a distant,
somewhat regular, impressed line; lunule much excavated;
apices acute. Apicies prominenf lunule dilated, deeply
excavated. Subcordate, separated from thedisk, particularly
near the beaks, by a subacute angle; beaks prominent,
approximate, acute, curved backwards; ligament margin
concave; umbonesconvex. Irngth 9- l0th ofan inch, breadth
1 inch" (Say, 1824). This species (or subspecies) has not
been satisfactorily identified since its initial description,
with Conrad (1834), Dall (1903), and Gardner (1944)pro-
viding disparate inlerpretations. Say stated that he had
numerous specimens, suggesting a rather common form.
Say's original description quoted above provides no infor-
mation aboutthe sculpture of the sheil,but the original figure
(1824, Plale 9, figure 6, reproduced here as figure 116a)
shows a shell with fine crowded concentric ribs, not unlike
Astarte concentrica. On the other hand, Say's description
stressos the large lunule and an umbonal area "separated
from the disk, particularly near the beaks, by a subacu[e
angle" (Say, l8Z), which are features more typical of the
Astarte undulata stock. Among the variations shown in
Znne2 Astarte undulatapopulations is a form (fig. I 16) with
sculpture so close set and regular that it converges with
Astarte concentrica. Pending reexamination of the type, I
argue that this particular race is more l*ely Astarte vicina.
If the two prove to be conspecifrc, Astarte undulatahx page
priority and would remain the valid name.

ll7. Astarte yadkinensis Campbell, new species. Shell
small, trigonal, higher than long; very compressed. Lunule
narrow, lanc@late. Anterior end slightly expanded; ventral
margin rounded. Sculpnrre of numerous broad, flattened
concentric ribs with narrow interspaces. Length ofholotype
6.90 mm, height 7.99 mm. Type locality, Deep Creek pit,
end of Cooks Mill Road, Chesapeake, Virginia. Restricted
to ttre upper beds of the Chowan RiverFormation. In outline
this species resembles the carditid Pteromeris perplana
(Conrad), but the concentric sculpture and ridentate hinge
in each valve place it in Astarte. It belongs to the group
containingAst4r te glenniDall. 1903, and the RecentAstarle
nanaDall,1886, but differs from both in details of sculpture
and in being a proportionally higher shell.

Etymology: named for the community of Yadkin near
which the pit is located.

Farmly Crassatellidae

Genus Encrassa tella lrdale, lg%
(Synonym: Marvc crassatellaWardand Blackwelder, 1987)
"Inequilateral, medium-sized to large, thickened shells with
a smooth inner margin, concentric ribs obsolete 0oward
margin. Is shell has a crenulate inner margin. Prosogyrate
beaks." (Keen, 1971: 103-104).

WardandBlackwelder (1987: 15 l) erected anew genus,
Marvacrassatella, fu Atlantic Coastal Plain species radi-
tionally assigned ta Eucrassatella hedale. The type of
Eucrassatellais Crassatella kingicola Lamarck from Tas-
mania, and Ward and Blackwelder's arguments for a new
genus are largely geographical. I have examined specimens
of Eucrassatella kingicola in the U. S. National Museum
collections, and it is my opinion that E. kingicola and the
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various North American Neogene speciesare congeneric. In
my opinion, geography and minor differences are not appro-
priate grounds for creating new genera. Were populations
known only from Ausralia and from our Neogene deposits,
converging but different genera could be argued, but
Eucrassatella contains more than thirty Recent species
scattered through all warm seas, and many more as fossils.

ll8. Eucrassatella virginica (Gmelin, 1791) (Synonyms:
Venus virginicc Gmelin, 179l:3294 (refercncing Lister,
1683, fig.229) i C r as s at e ll a wdul at a Say, I 824, non lamarck,
1805:408, non Crassatella undulata Sowerby, 1832; possi-
bly Eucrassatella undulata cycloptera (Dall, 1903)). Shell
large, heavy, relatively elongale, compressed; beaks high,
anteriody placed; anterior margin rounded, ventral margin
sraight, posteriorend truncate. Hinge massive; sculpture of
concentric undulations on the umbonal area becoming obso-
lete ventrally. Length-width proportions variable in ontog-
eny and among adults. Zones I and 2, ubiquitous. I-ength
69 mm, height43 mm.

The familiar u sc;ge, Eucras sdtella mdulata(Say, I 824),
is both a primary homonym and an junior synonym and
therefore is doubly invalid. Both problems are somewhat
obtuse in existing literature, necessitating a brief review.
Sherborn ( I 93 1 ) listsCrcssa tella undulatalamarck, I 805 as
a nude name, but Abbott (1974) cites Lamarck's nams as
valid and senior !o Crassatella undulata Sowerby, 1832,
from western North America. Dick Petit (1989, personal
communication) writes: "Sherborn erred nhsting C ras sate lla
ttndulata Lamarck as a nomen nudum. Lamarck explicitly
referred to Martini (=Chemnitz) Conch. Cabinet volume 6,
page 3 18, plate 30, figures 3 17 and 318. These figures had
previously been named Venus contraric Gmelin, 1791".
Consequently, Crassatella undulata Say, 1824 is validly
preoccupied and the taxon needs a new name. I am unaware
ofany subsequent name being proposed for this species apart
from the varietal name E. undulata cycloptera (Dall), but
Dall (1903:1475) references a probable older name. Dall
(1903) dismissed the Gmelin name as nondefinitive, prob-
ably in hope of thereby preserving the well-esablished
name. In my opinion, Lister's frgwe 229 from "virg."
(=Virginia) is well representative of tltis common species.
Lister's sources of fossil shells from colonial Virginia have
been ably discussed by Ray (1983, 1987). There is no other
bivalve in the Tertiary or Recent faunas of Virginia that
would have been available to Lister and which even re-
motely resembles the figure. Thelistercollection is housed
in the British Museum. Final confirmation must await
examination of the specimen, but there is little doubt that
Lister's figure applies to this species, and consequently that
Gmelin's name is valid for the taxon. For those who find
such detail of interest, it now appea$ lhaf Eutassatella
virginica (Gmelin, l79l) may be the first North American
invertebrate fossil to receive a binomial designation.

lI9. E ucras satella v ir ginic a cy clo pter a (Dall, 1903) (Syn-
onym: Crassctella undulata vur. Tuomey and Holmes,
1856). Shell large, heavy, compressed. Like Eucrassatella
virginica but proportionally higher and with the ventral
margin well rounded. Tnne l, Middlesex, James City, and
Surry counties, Zone 2, Chesapeake. Irngth I 05 mm, height

72mm.
Blackwelder (1981) lists Crassarella cyclopterw as

being resnicrcd to his M6 zone which equals Zone l.
However, while Dall cited material from Maryland, Vir-
ginia, and the Carolinas, including Tnne I beds at Carter's
Grove, he namedthe form basedon the figne inTuomey and
Holmes. Tuomey and Holmes did not have access to M6
equivalent beds. They further stale that their material was
frorn the SumlerDisaicL and they figureco-occuringtypical
Eucrassatella virginica. lf Tnne I specimens require a
separate species-levelname, then theyare natB.v. cycloptera.
I find Zone I populations to more consistently conform to the
cycloptera morphology. Znrrc 2 populations are mone
variable, but contain reasonable cycloptera as one extreme
of variation.

ll9t. Eucrassatella lanStnani (Ward and Blackwelder,
1987). Shell large, heavy, relatively elongate, compressed.
Like Eucrassatella virginica, but more inflated, smoother,
with the dorsal margin less concave in front of the beaks,
dorsal margin more concave posteriody. Posterior end more
produced; venftal margin slightly but evenly curved, not
sinuate as in Eucrassatella virginica. Chowan River beds,
Chesapeake. Length 75 mm, height4S mm

Subfamily Scambulinae

Genus Crussinella Guppy, 1874
"The Crassinellas confrast sharply with the Crassatellas in
size, forfew specimens even approach adiameterof 10mm.
They are riangular, concenrically sculptured with undulat-
ing ribs of varying srength. The genus is one of the few in
which the beaks are opisthogyrate; that is, the tip of the shell
poins posteriorly. It is exclusively American" (Keen,
1971:104).

120. Crassinella lunulata (Conrad, 1834) (Synonym:
Crassinella lunulan harrisi Gardner, 1944). Shell small,
trigonal, very compressed; beaks prominent, shaqp, cen-
rally placed. Relative height variable, lower in juvenile
stages. Concentric sculpture lacking (form larrisi) or of
well developed, regularly spaced lamellae. Microsculpture
of very fine "snakeskin" granulations covering both the
lamellae and the interspaces. Lunule elongate, &[row.
Zones I and 2, ubiquious; Chowan River at Chesapeake.
Length 7.15 mm, height 6.16 mm. Originally described
from Yorktown strata along the James River, this species is
common throughout the Neogene and the Recent.

l2l. Crassinella johnsoni Ward and Blackwelder, 1987.
Shell very small, trigonal, somewhat inflated, very heavy
and solid for its size. Anterior and posterior-dorsal margins
sraight; ventral margin broadly rounded. Beaks central,
opisthogyrate. Sculpture of about l0 low, very regular,
concentric, undulatory ribs. Inter-rib area smooth or with
very fine concentric striae. Zone 2, Chuckatuck and
Smithfield. Length 1.92mm,height 1.88 mm. Crassinella
johnsoni drffers from Crassinella lunulatainhaving a much
Smaller, more inflated shell with more numerous (in shells
of equal size) ribs which do not form lamellae. From
Crassinella dupliniana, Crassinella iohnsoni differs in its
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rigonal outline with cenral beaks and in having the
interspaces much wider than the ribs. The specimen figured
by Ward and Blackwelder (Plate 17, figs. 1-2) is proportion-
ally wider than the Yorktown and Duplin material, but
agrees in all other respects.

122. Crassinella dupliniana (Dall, 1903) (Synonym:
Crassinella nansemondensis Gardrter, 1944). Shell very
small, ovate-trigonal, slightly inflated. Beaks postedody
placal. Concentric undulations regular, large and heavy,
slightly wider than interspaces. Microsculpture of fine
parallel plates crossed by exceedingly fine incised concen-
tric lines. 7nne2, Suffolk and Chesapeake; Chowan River
at Chesapeake. Length 1. I 2 mm, height 0.97 mm. Gardner's
types of Crassinella nansemondensis are worn juveniles of
C ras sine lla dupl iniana.

Superfamily Cardiacea
Family Cardiidae

Genus Papyfidea Swainson, 1840
"Elongate, ribs numerous, coarser on posterior slope; hinge
relatively narrow, with teeth weaker than inTrachycardiwn;
posterior end of shell gaping" (Keen, 197 1: 155).

123. Papyridea turtoni Dall, 1900 (Synonym: Papyridea
spinosa turtoni Dall, 1900). Shell of moderate size, com-
pressed, elongate; beaks low, rounded. Sculpture of about
45 flat, radial ribs which broaden on the posterior slope and
become qpinose laterally along the dorsal margins. 7nne2,
rare at }lampon and Chesapeake. Length about 30 mm.
This is the only Yorktown cockle in which length substan-
tially exceeds height.

Subfamily Laevicardiinae

Genus Laevicardiun Swainson, 1840
"Posterior slope smoother than remainder of shell; ribbing
suMued throughout, showing mainly as crenulations within;
hinge arched, moderately long" (Keen, 1971:158).

l?A. Laevicardium sublineatrun (Conrad, 184 1). Shell small
to moderate in size, ovate-trigonal, somewhat compressed,
smooth. Zone 2, Petersburg, Chuckatuck, and Chesapeake.
Length l8 mm, height 16.5 mm. Conrad's type specimen
was from theWacciumaw. Yorkown specimensare smaller,
more trigonal and less inflated than the younger Waccamaw
material. These may be juvenile traits but insufficient
material is in hand to properly evaluate the question.

Genus Clinocardiwn Keen, 1936

Subgenus Planicardium Olsson, 1967
(Synonym: C hesacardiarn Ward, 1992)
Large shells exlemally resembling Dino cardiurn,brfi with a
hinge resembhng C er astoderma. All species of P lanicardiwn
possess a friable shell structurc normally resulting in the
exfoliation of theoutershell layer. Whole shells with surface
detail are therefore something of a rarity. Olsson (1967)
designated Cardium virginianurn Conrad as type of
Planicardiurn The south Florida shell illusnated bv Olsson

may or may not be conspecific with Cardiwt virginiaiwn,
but the type designation stands on Conrad's qpecies. Ward
(1992:89) designated Cardilnn laqucatwnCwtad. 1830, as
type of the genus for Chesacardiurn. Clinocardiwn
(Planicardiwn) virginianum and C. (P.) laqueaum ue
clearly congeneric. I follow Keen (1980) in treating
Planicardium as a subgenus of Clinocardim:

I25. C I ino c ardiwn (P lani cardium) ac ut il aque aan (Connd,
1839) (Synonym: Cardiwn laqueatwnConrad of Richards;
1947, not ofConrad, 1831. Shell very large, quadrate, well
inflated. Height greatsr than length. Adult sculpture of
about 40 radial ribs which are flat-topped over the center of
the disk. "\l'-shaped laterally, and much finer on the
anterior and posterior slopes. Juvenile shells (fig. l25b)
rounded, relatively shorter, with more even ribs. Common
as chalky, deteriorated fragmens (fig. l25a). Tnne l,
Williamsburgi Tnne 2, Southampton CouRty, Smithfield,
Williamsburg, Yorktown, Chuckatuck, Suffolk, Hampton,
and Chesapeake. Length 95 mm, height 105 mm.

126. Planicardium tacnopleara (Da11,1900). Shell fairly
small, oval, slightly longer than high. Radial ribs "T"-
shaped in cross section and crossed by raised concentric
scales. Outer shell layer very spongy, surface usually
abraded. Mansfield (1944) considered this a Zone 2 index
fossil, but Blackwelder and Ward (1976) list it as a Zone 1

indicaor. It is rare in Zone 2 and I have not recovered it from
7-one I beds. Zone 2, Suffolk and Hampton. Most known
qpecimens are from Rice's Pit, This is the smallest of the
Planicmdfurn species. Length 23 mm, height 22mm.

L27. Planicardiwn virginianwn (Conrad, 1839) (Syn-
onyms: Cardium quadrans Rogers and Rogers, 1839;
Cardium ingenJ "Wagner" of Conrad, 1840, not of Wagner,
in manuscript, or Dall, 1898). Shell large, quadrate, inflated,
narrow. About 30 broad flatribs. Shell surface very friable,
easily worn away. Anterior and posterior margins oblique,
nearly parallel . Tane I, James City County and Williamsburg;
Zone 2, Isle of Wight and Southampton counties, Yorktown,
Williamsburg, Smithfield, and llampton. Length 95 mm,
height 1 16 mm. This is the typ, of P lanicardinn Olsson. It
is most characteristic af 7-one I and lower Zone 2 beds.
Spamer and Forster (1988, p. l15, pl. 8) figure Conrad's
syntypes, WFIS 462, and discuss the conft $ ion ov er C ar diutn
ingens (1988:65-67).

Genus Dinocardiam Dall, 19fi)
Shell large, well-inflated, thin but strong. Sculpture of
suongradialribbing. Hinge with a singleprojectingcardinal
tooth, well-developed latgrals, and a hinge plate with a
dorsal projection which overlaps the umbo. Keen (1980)
considers Drnocardiurn !o be a subgenus of lacvicardilnt.

I27 a. D ino cardilpn robusnnr (Lightfoot, 1786) (Synonyms:
Cardhnn ventricosa Bruguiere, 1789; Cardiun miiculatum
Gmelin, l79l: C ardium obliquwn Spengler, 1799; Cardfun
carolinensis Conrad, 1863; Dinocardiutn robusturn lwzeli
Ward and Blackwelder, 1987). Shell large, well-inflated,
with aboirt 30 radial ribs which are niangular in cross section
in eady growth, flattened with more maruregrowth. Radial
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sculpture visible in the shell itterior. Chowan River beds,
Chesapeake. Length 48 mm, height 45 mm.

Superfamily Macfiacea
Family Mactridae

Genus Mactro Linnaeus' 1767
"The ligament is divided into two parts, the major part
housed in the resilifer. Between the resilifer and the outer
ligament there is a narrow shelly plate, a lamina. The shell
itself is of a rather brittle porcellaneous texture, variously
sculptured concentrically, but withoutradial sculpture. Shells
are equivalve, thin, trigonal to ovate in shape, of medium to
large size. The chondrophore is just back of the "V"-shaped
cardinal teeth. Lateral leeth are also developed along the
dorsal margin of the hinge. The pallial sinus is mostly deep
and rounded" (Keen, 197 l:201-202).

128. Mactra fragilis Gmelin, 1792 (Synonyms: Macta
brasiliana L,amarck, l8l8; Mactra oblonga Say, 1822;
Mactra anserina Guppy, 1875; Mactra fragilis precursor
Gardner, 1944). Shell medium tolarge, very thin and fragile.
Beaks cental, hinge large, chondrophore with a raised
thread. Posterior margin abrupt, somewhat rectangular.
Surface smooth, with a prominent ridge on the posterior-
dorsal slope. 7nne2, rare at Chesapeake. Length 47 mm,
height 32 mm.

Genus Spisala Gray, 1837
"Small tolarge shells, mostly ovate-trigonal in shape. Hinge
with the external ligament separated from the internal
resilium by a flat space, not a ridge or plate as in Macta.
Lateral teeth tending to be striate" (Keen, l97l:2@).

129. Spisula confraga (Conrad, 1833) (Synonymsi Macta
confraga Conrad, 1833; Mactra fragosa Conrad, 1833;
Mactra incrassala Conrad, 1838; ? Spisnla duplinensisDall
of Ward and Blackwelder, 1980, not of Dall, 1898). Shell
large, ovate-trigonal, thin !o fairly heavy. Beaks large,
prominent, placed slightly forward of center. Lateral teeth
and chondrophore large, heavy. External surface originally
smooth, but almost always chalky and eroded, commonly
producing a concentric "ribbed" pat[em. Zones I and 2,
ubiquitous. Length 75 mm, height 53 mm. This large, well-
named shell is almost always found as fragments. Conrad's
type from "SL Marys, Maryland" was another of the Finch
collection specimens actually collected from Yorktown
beds in Virginia Tanel specimens (tig.L29a) are heavier
and a little smaller then those typical of Tnne 2. The
specimen figured by Ward and Blackwelder (1980) appears
o be the latter form.

130. Spisula delumbis (Conrad, 1832) (Synonym: Mactra
virginiana Conrad, 1868). Shell large, thin, fairly fragile.
Beaks slightly posterior of center, rotated forward. Hinge
small, chondrophore narow, Siangular, directed obliquely
posterior. Anteriof dorsal margin concave; anterior end
broadly rounded; posterior end somewhat pointed. 7nne2,
Williamsburg, Yorktown, Smithfield, Suffolk, Ilampton,
and Chesapeake. Length may exceed 120 mm. Spisula
delumbis was designated by Ward (1992:93-94) as type

species for his new genus, Izptotntctra. Also included in
Iz p t omac tr a were Spisrla lwr r i s ii md S p i s uI a rnaryl andi c a
Dall, 1898. These 3 talra are marked by a similar and
somewhat odd outline, and in having very thin shells.
However, among mactrids the latter is a highly variable Eait.
Beach specimens of Mactra fragills are small, compara-
tively tlrickened, and sturdy shells, but conspecific material
from offshore is large, thin, and very fragile. Tnne I
specimens of. Spisula conftaga are heavier tlan Znne 2
specimens. I prefer to retain Spisula as the genus for Splsrla
delumbis and related species, but lzptomactra probably
deserves at least subgeneric standing.

l3l. Spisula harrisi Olsson, 1914. Shell large, very high,
trigonal, fairly heavy. Posterior slope very steep, bordered
by a prominent ridge. Tnne2,Hampton. Irngth exceeds
100 mm. This very rare species may prove !o be an elevated
variation of Spisula delumb,ls,but no connecting specimens
are presently at hand.

132. Spisula modicella (Corrad'. 1833) (Synonyms: Mactra
clatfuodon I. Ipa, 1833 (in part, excluding New Jersey

records); Spisula capillaria Conrad, 1866; Mulinia parilis
Comad, 1868; Spiszla tnodicella altaGardner, 1944; Donax
sp. Coch, l%8). Shell small, solid, very heavy. Beaks

turned slightly forward; hinge with short, sturdy laterals;
chondrophore narrow, oval. External surfrce smooth. Zone
2, Yorklown, Smithfield, Chuckatuck, Suffolk, Ilamplon,
and Chesapeake. Length 26 mm, height 19.5 mm. The type
specimens of Macta clathrodon (Plate 13, Figure 137a)

were compared with juvenile Spisulanodicellc of the same
size, and were found to be indistinguishable. However,
Lea's reference to New Jersey specimens were Pleistocene
Mulinia lateralk (Campbell and Campbell, 1986).

Genus Mrlinia Gr ay, lt37
"Both parts of the ligament being sunken below the dorsal
margin of the hinge, the two valves meet smoothly along
their entire dorsal edges, with only a tiny hole or crevice just
back of the beaks" (Keen, l97l:?-07).

133. Mulinia congesta (Cowad, 1833) (Synonyms: Macta
crassidens Conrad, l84l;Mactra triquetra Conrad, 1844;
Mulinia congesta magnoliana(Dall, 1898); Macta millesii
Holmes of Dall, 1898, in part, not of Holmes, 1859). Shell
small, variable, trigonal to oval, very heavy, well inflated;
beaks high, cenrally placed; hinge short, very heavy;
chondrophore small, oval. Tnne 2,Isle of Wight and
Southampton counties. Yorktown, Petersburg, Smithfield,
and Suffolk. Length 21.5 mm, height 16 mm.

Juvenile specimens are more thin and delicate, provid-
ing a basis for the occasional report of Zone 2 York0own
Mulinia lateralrs (Say, 1822). Specimens so labled in the U.
S. Geological Survey stratigraphic collections ue Mulinia
congesta under 5 mm in length. True Mulinia lateralis
appears to be resricted to the Chowan River, Pleistocene,
and Recent faunas.

134. Mulinia lateralis (Say, 1822) (Synonyms: Irtactra
clulvodon I. Lea, 1833, in part, New Jersey records only;
Muliniamillesii Holmes, 1859). Shell small, thin, rigonal,
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well-inflated, smooth. Chowan River beds at Chesapeake.
Length 9 mm. Mulinia lateralis resembles Mulinia
congesta but is smaller, more trigonal, more angular, less
variable, and remains thin-shelled in the adult. Lea's types
were from tlre Yorktown (see Spisula modicella), but he also
cited specimens from the Pleistocene of New Jeney (Campbell
and Campbell, 1986).

Genus Rangia l)esmoulins, 1832
"Shells I to 2 inches, very heavy, thick. Lateral teeth cross-
striated. Pallial sinus small" (Abbott, 1974:491).

135. Rangia clatlvodonta (Conrad, 1833) (Synonyms:
Gnathodon grayi Conrad. 1838; Gnatlndon minor Cowad,
184 1). Shell fairly large,rough, heavy. Beaks high, forward
ofcenter. Posterior slope long, gently convex; posterior end
pointed. Ligamental pit obliquely trapazoidal. Tnne 2,
Williamsburg, Yorktown, "James River"; Chowan River of
Chesapeake.Length58mm,height 43mm. AllRangia
are brackish water species. Oxygen isotope ratios forRanglc
clatlv odontaare compatible with reduced salinities. Ran gia
cunedta (Gray, 1832), a Pleistocene and Recent species, is
thicker and is mbre rounded posteriorly.

Genus Raeta Grayrl8l3
"The outline is trigonal, the umbones narrow and fairly high;
the surtace is not simply concentrically sculptured, but the
shell itself is thrown into low concentric ridges that tend to
be weaker near the margin" (Keen, l97l:207).

136. Raeta alta Contad, 1873 (Synonym: Raeta erecta
Conrad, 1873). Shell fairly large, thin, fragile; ovate-
rigonal, very inflated. Concentric ribs become obsolete
venrally. Tnne 2, rare, Williamsburg, Yorkiown, and
Suffolk. Length 80mm; height69 mm. This isproportion-
ally the highest ofRaeta species. It is apparently quite rare.
The genus is typically found living very near shore and
Recent material is recovered almost entirely from beaches.
The scarcity of $ris habitat among known Yorktown locali-
ties may explain the rarity of this and other typical littoral
and shallow sublittoral genera.
Family Mesodesmatidae

Genus Mesodesma Deshayes, 1832
"Like a large Donax with a prominent chondrophore. Lat-
erals with fine denticles" (Abbott, L974:492).

137. Mesodesmtr spatla Gardner, 1944. "Shell small,
compressed, ovate-oblong, strongly inequilateral. Um-
bones very low and flattened, located about two-thirds of the
distance back. Antedor portion of shell slightly conracted,
much produced, gently sloping dorsally, evenly rounded
distally. Posterior dorsal margin slightly hunched. Lateral
margin subtruncate. Base line nearly sraight. surface
smooth or marked with feeble incrementals. Hinge known
from right valve only; hinge plate heavy. I"ateral furrows
narrow, deep, tansversely grooved, the posterior decidedly
shorter. Anterior arm of cardinal in line with the anterior
ventral lamina but not confluent with it; posterior arm
projecting almost horizonally over the chondrophore. Lat-
eral sockets deep. Muscle impressions and pallial characters

distinct. Anterior adductor scar pyriform; posterior
semielliptical. Pallial line rather distant from the hinge
margin. Sinus evenly rounded, projectod forward as far as

the umbones" (Gardner, 1944:ll5). Tnne 2, Suffolk;
Chowan River at Chesapeake. Length 10.3 mm, hei ghr 6.4
mm.

Subfamily Erviliinae
Genus Errlilia Turton, 1t22

"Shell small, less than 10 mm, conceneically striate, and
sometimes brightly hued. Ligament absent; resilium small
and internal. Laterals small or absent. Left cardinal large
and bifid or split. Right valve has a prominent cardinal just
anterior to a large chondrophoral pit. Pallial sinus large"
(Abbott, 1974:493). Recentanatomical studies demonstrate
that Ervilia is a tellinoid clam and belongs ne,ar Semele
(Moron and Scott, 1990). Consequently, they supress
Erviliinae, and remove Emilia from the Mesodesmatidae.

138. Ervilia lataDall,l898 (Synonym: Enilia lataradiata
Gardner, 1944). Shell small, elongate, elliptical, com-
pressed. Beaks high, nearly central. Smooth or with
numerous fine concentric lines. Tnne2,Chuckatuck, Suf-
folk, and Chesapeake. Irngth 5.65 mm, height 3.43 mm.
Smooth specimens resemble certain of the lepton clams, but
Ervilia can be separated immediately by the hinge.

Superfamily Solenacea
Family Solenidae

Genus Ezsis Schumacher' 1817
The shells are medium to large, very elongate, compressed,
with subparallel dorsal and vennal margins. The hinge is just
back from the anterior end. Commonly called razor clams.

139. Ensis directus (Conrad, 1844; (Synonyms: Solen
magnodentata H. C. Lea, 1843; Solen ezsu Linnaeus of
Lyell, 1845, not of Linnaeus, 1758; Solen americanru
Gould, 1870; Ensatella americana (Gould) Verrill, lnD.
Shell medium to large,veryelongate, dorsal margin slightly
curved, concave; ventral margin subparallel, slightly taper-
ing anteriorly. Tnne l, Williamsburg; Zone 2, ubiquitous.
Length ll8 mm.

The type locality of the missing holotype of Ensls
directw is the Cape Fear River in North Carolina. Pleisto-
cene and Recent populations raditionally assigned to Ensls
dire ctus atlnn a larger size and are a little sraighter than any
of the Pliocene populations I have examined. The holotype
of Solen magnodentata (fig. l39a) is a shell broken posteri-
orly and ventrally, theremaining fragmentbeingT mm long
by 4 mm high . It is a left valve with only the anterior cardinal
tooth remaining. Despite its decrepitcondition, Dall (1900)
assigned it to the synonymy of Ensrs directus. This was a
"safe" action favoring the stability of the literature, but was
based on the presumption that Conrad's name dated from
1843 andl,ea's from I 845. Conrad's workwas notpublished
until 1844, however, and Lea's names are validated by the
pre-print pamphlet of 1843. Hence, the well known Ensis
directusbeomes a junior synonym of Solenttugnodentata
if the two prove conspecific. Within the Yorktown fauna,
ttrere are nrro Ensu species, Ensls dire ct us and Ensis ensiformis



(Comad, 1844), which might be conspecific with ka's
species. After a careful comparison of Lea's type against
both contenders, I conclude the type can not be assigned with
confidence toeither species to the exclusion of theother,and
propose that Solen magtwdentata be considered a nornen
dubium, and the species concept be resricted io the unrec-
ognizable type. This rction will promot€ stability, but the
species concept of Ezsrs directus will not become fully
stabilized until the type is rediscovered or a lecotype is
chosen. Such action is beyond the scope of the present work.

140. Ensis ensiformis (Conrad, 1844) (Synonym: Solen
ensiforrnis Conrad, 1844, non Wood, 1840, anomen nudum).
Shell small to moderate in size, fragile, very elongate.
Dorsal margin concave; dorsal and ventral margins
subparallel, tapering posteriorly; ends well ro unded.T-one2,
Chuckatuck, Ilampton, and Chesapeake. Length 69 mm.
The small size and degree ofcurvature separate this species.
It most resembles Ensis meglslas Pilsbry and McGinty, 1943
(= Ensis minor Dall, 1900, non Chenu, 1843), of the Recent
fauna.

l4l. Ensis hugftesi Campbell, new species. Shell very large
Q23 mm in the holotype), very elongate; dorsal and ventral
margins sraight, parallel; ends square; abrupt. Hinge typi-
cal of the genus. Holotype length 223 mm, height 29 mm.
Fragments from Williamsburg have a height of up to 45 mm,
which would project proportionally to about 345 mm, or
about 14 inches maximum length.

From Ensis directus, Ensis hugftes differs in its greater
size, relatively greater height, and the abrupEress of the
lerminations. The holotype is a complete valve from the
Pinecrestbeds oflakeport" Florida, from the Hughes collec-
tion, U. S. National Museum. Paratypic material is from
Zone2 beds, stream bank near Yates Hall, the College of
William and Mary, Williamsburg, Virginia.

Etymology: named for Thomas Hughes who collected
the holotype.

142. Ensis sclunidti Olsson, 1914. Shell of medium size,
elongate, very stout for the genus; dorsal margin straight,
save for a slight anterior rise. Anterior lermination rounded,
posterior termination abrupt. Tnne 2, "Schmidt's Bluff,
Nansemond River" (Olsson, 1914), Ilampton, and Chesa-
peake. Length 86 mm. Ensis schrnidti is the stoutestof the
four Yorklown Ezsls.

Genus TeWina Linnaeus, 1758
"lalerally compressed clams, usually having a slight twist
at the posterior end. Smooth, polished surface. Hinge with
2 cardinals and 2 laterals in either valve" (Abbott, 197 4:495) .

Subgenus Merisca Dall, 19fi)
"Small, trigonal, with a strong posterior flexure and spaced
concentric ribs" (Keen, 197 I:219).
143. Tellina aequistriata Say, 1824 (Synonyms: Tellina
lintea Conrad, 1837; not Tellina aequistriata Sowerby,
1868). Shell small, compressed, twisted posteriorly. Beaks
small, high, pointed. Posterior slope steep, anterior end well
rounded. Sculpture of numerous fine concentric lines. Zone
2, Yorktown, Suffolk, and Hampton, very common atRice's
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Pit. Irngth 27 mm,height 19 mm.

Subgenus Eurytellina Fischer, 1887
Large tellins with elongate, compressed shells; smooth or
-with concentric sculpture.

144. Tellina egena Cowad, 1834 (Synonym: Tellina
gardnerae McGavock, 1944). Shell fairly large for the
genus, ovate-trigonal, compressed. Beaks low, a little
posteriorof center. Anteriorendwell rounded, posteriorend
somewhat pointed and truncate. Pallial sinus large, deep.
Zone 2, Smithfi eld and Yorktown. Length 6 I mm, height 3 8
mm.

This large species appears to be restricted to a silt-clay
habitat. Conrad's original specimen came from the"James
River", probably from east of Burrell's Bay, northwest of
Smithfield, as the species has been rediscovered in clay beds
there. Conrad's type lot also contains two fragmentary
specimens of Macoma (Psarnnacoma) arctata (Conrad,
1843). McGavock's Tellina gardnerae was based on a
smaller, proportionally lower, immature shell.

Subgenus Azgalns Muhlfeld, 1811
Small, thin, compressed tellin clams with smooth or concen-
tric sculpture. Frequently there are two internal rays de-
scending from the beak.

l4l.Tellina declvis Conrad, 1834 (Synonym: nonTellina
declivrs Sowerby, 1868). Shell small, ovate-elongate, com-
pressed. Beaks small, opisthogyrate. Anterior end well-
rounded, posbrior-dorsal margin humped, posterior end
truncate. Sculpture of fine concentric incised lines. Zones
landZ,ubiquitous. Length 17 mm, height9.5 mm. Thisis
the most common small tellin in the Yorktown fauna.

146. Tellina dupliniana Dall, 1900 (Synonym: Tellina
propetenclla Dall, 1900). Shell small, ovate, elongate,
compressed; beaks small. Anterior end well rounded,
posterior slope steep, straigh L Zone2,Y orktown, S mithfield,
Chuckatuck, and S uffolk. Length 8.86 mm, height 5.7 3 mm.

146a. Tellitw suberis Dall, 1900. Shell small, thin, com-
pressed, wedge-shaped. Ventral and anteriormarginsevenly
rounded. Sculpture of very low, flat, concentric threads,
becoming particularly strong and distinct on the posterior
slope and the umbonal area. Chowan River at Chesapeake.
Length 7.0 mm. This species is proportionally higher than
either Tellina declivis or Tellina dupliniana.

Subfamily Macominae

Genus Maeoma Leach' 1819
"Lateral teeth wanting; shell elongate-quadrate, thin" (Keen,
r97r:227).

147 . Maconw cookei Gadner, 1944. Shell of moderate size,
oval, inflaled anteriorly. Beaks low, central; anterior end
well-rounded; posterior slope steeply inclined. Tnne 2
York[own. Length 34.3 mm, height 28 mm. The rype
remains unique. This species is very close to the Pleistocene
and Recent Macoma balthica (Linnaeus, 1758).
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148. Macomavir giniana (Conrad, 1866) (Synonyms: Tellina
lusoriaSay of Meek, 1864, notof Say,1822; Macomatenta
(Say) of Dall in Shaler, 1890, not of Say, 1834; Macoma
v ir giniarw cowadiDall, 1900; Mcco nu carolirunsisGardner
and Aldrich, 1919). Shell fairly small, very thin, well
inflaled, inequivalve, flexed to the right posteriorly. Beaks
small, poslerior of center. Anterior end well rounded;
posterior end more pointed; surface smooth. Znne l,
Williarnsburg; Zone 2, ubiquitous. Length 24 mm, height I 4
mm.

Relative proportions and degree of flexure is variable
within and between populations, giving rise to the various
synonyms. Tellina lusoria Say, 1822 has not been recog-
nized with certainty by modern authors. Dall (1900) stated
that after much study of the question, he could possibly
equate Tellina lworia with the Pleistocene and Recent
Macoma tenta. Macomavirginiana is the only Yorktown
M ac oma tesembling M a c otna t e nt a, and is lherefore the best
candidate for both Meek's and Dall's (1890) references.

Subgenus P sammac oma Dall, 19fi)
"The valves are elongate, convex, and thin, the posterior end
markedly shorter. The pallial sinus is not confluent with the
pallial line and is rounded and relatively short' (Keen,
I97r:227).

149. Macorm arctata (Conrad, 1843) (Synonyms: Tellina
(E ury t e ll ina) s c ap lrzD all, 1900; M ac o ma (P s amma c onw ?)

ho bu s i i D all, l9O0 ; M acona lw sfo r de nsrs Mansfi eld, 1932;
not Macoma lolnusii Dall of Ward and Blackwelder, 1987
(= Macoma brevifrons (Say ,1834D). Shell of moderate size,
elongate, somewhat compressed. Anterior end produced,
well rounded; posterior end truncate. Beaks low, small, a
little back of center. Venral margin sraight. Surface
smooth, save foroccasional growth lines. Zone 2, Chuckatuck,
llampton, and Chesapeake. Length 36 mm, height 19 mm.

Conrad's type is missing. His description andpublished
figwe of Macomo arctata indicate a tellinid with size and
outline identical with the Yorktown material. However, the
species has remained enigmatic for most systematists be-
cause the figure depicts a sculphrred rather than a smooth
shell. I argue that the sculpture shown in the original
illustration is taphonomic rather than primary, because
occasional deteriorating specimens lose parallel, concentric
srips of the outer shell layer, leaving an artificial pattem not
unlike the original figure. Further, there is no other contem-
porary species with which the taxon might be confounded.
Therefore, I believe the nam e, Macoma arctata,canbe tsed
with confidence for this species. Maconw arctataisluger,
heavier, and less inflated than the younger Waccamaw,
Caloosahatchee, and Recent Macoma (Psammacoma)
brevifrons (Say, 1834), but they are very close in outline and
can be easily confused.

Genus H e mimerls Thiele, 1934
Subgenus Florimetis Olsson and llarbison, 1953
"Lateral teeth wanting; posterior flexure strong, especially
evident in the right valve; umbones inflated; shell
inequilateral; ligament somewhat sunken but not com-
pletely internal" (Keen, 197 I:225).

I50. Heminutis magnoliana (Dall, 1900) (Synonym: Tellina
biplicata Conrad of Emmons, 1858, not of Conrad, 1834).
Shell fairly large, rectangular, compressed. Beaks promi-
nent, centrah posterior slope perpendicular, concave, marked
by a prominent diagonal ridge. Surface smooth save for
incremenial growth lines which may become raised over lhe
posterior slope. Zone 2, Williamsburg, Chuckatuck, and

Ilampton. Length 59 mm, height4T mm.

Family Donacidae

Genus Donax Linnaeus' 1758
"The internal margins ofD onax ate crenulate, reflecting the
radial ribbing of the middle layerof the shell. Ribbing is well
developed also on the surface of most forms. Living
specimens of Donax are found on sandy beaches or in bays

where they burrow shallowly so near the surface they may be

washed out by heavy waves" (Keen, l97l:234).

l5l. Donax chuclutuckensls Gardner, 1944. Shell very
small, compressed, wedge-shaped; beaks posterior; hinge
complex, typical of the genas. T-one 2,Chuckatuck. Length
5.2 mm, height 3.6 mm.

Intensive collecting at Chuckatuck has yielded but a
single additional specimen of thisiny Donax. From the two
specimens now known, it is impossible to say whether they
are juveniles, or the adult form of some very small species.

Donaxcnlonies inhabit the surfzone ofsandy beaches, and

are abundant fossils in the late Pleistocene of Virginia and

the Carolinas. However, Dozcr is rare in the Pliocene, even
in near shore beds.

I5la. Donax cuneola Gardner and Aldrich, 1919. Shell
small, solid, trigonal, distinctly wedge-shaped. Hinge large,
heavy. Sculpurre of crowded radiating lines. Ventral
interior margin crenulale. 7nne2, Yorktown and Suffolk.
Length 7.45 mm. This shellis proportionally higher than the

other Yorktown and Chowan River Donax species.

152. Donax emmonsi Dall, 1892 (Synonym: Donax sp.
Emmons, 1858). Shell large for the genus, elongate, heavy,
compressed; posterior end pointed, rather produced. Sur-
face with faint radial lines. Abraded specimens show a
distinct radial pauern in the underlying shell layer. 7nne2,
Yorttown and Suffolk; ChowanRiveratChesapeake. Length
l2.2mm,height 6.5 mm.

Donax pamulus Philippi, 1849 (Synonym: Donax

/ossor Say of authors, 1822, notof S ay,1822). See Appendix
II.

Family Psammobiidae

Genus Gari Schumacher' 1817
(Synonym: Psawnobiaof authors, not of Lamarck, l8l8)
"Rectangular, smooth !o weakly sculptured, posterior end

wider than anterior and gaping more widely; ligament
external, sturdy" (Keen, 197 1:A0).
153. Gari dalli (Olsson, 19 16). Shell large, oval, elongate,

thin, compressed. Beaks low,posteriorof center; dorsal and
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ventral margins straight, subparallel. Hinge small, with a
distinctive vertical flange or nymph behind cardinal teeth.
Anterior margin rounded, pos0erior end abruptly truncale.
Surface smooth. ChowanRiverbeds atChesapeake. Length
64 mm, height 34 mm.

This large tellinoid shell is immediately separated by
the prominent nymph. The Virginia specimens come from
an 8 cm thickbed in the reworked or winnowed section of the
lower Chowan River beds at Chesapeake. The shells are
disarticulated, but probably represent a single episode of
colonization.

Family Semelidae

Genus Semek Schumacher, l8l7
(Synonym: Amphidennalamarck, 18 18
Small to rather large, oval, compressed tellinoid clams with
concentric or cancellale sculpture. Pallial sinus very wide
and deep.

154. Semele subovata (Say, 1824) (Synonyms: Syndosnrya
sttbobliquaConrad, 1854: Abra ovalis Conrad, 1862; S emele
wbovata apressa Dall, 1900; Semele subovata duplinensis
Dall, 1900; Semele subovata alta Gardner, 1944). Shell
small to moderate in size, oval, compressed. Ventral margin
well-roundedi beaks small, pointed, a little post€rior of
center;.pallial sinus large, distinct. Sculpture of numerous,
fine, concentric laminae. 7-one 1, York County and
Williamsburg;Tnne2,ubiquitous.Length30mm,heightZ?
mm.

L55. Semele carinata (Conrad, 1830) (Synonym: Abra
lwlmesiiCowad, 1873). Zone 2, Yorktown (fideMcGavock,
1936). The species has not been subsequently recovered in
Yorktown beds and is not illustrated. Dall (1900) illusrabs
a specimen from the Duplin of North Carolina which he
refers to Serrcle carinata. This shell appears to be smaller,
more elongate, and more rectangular than Semele subovata.
Semele carinata was originally described from St. Marys
beds in Maryland. If the Duplin material is conspecific,
Senule carinata is the most common Semele in the Duplin
and Raysor formations of the Carolinas.

155a. Semele alununsisDall, 1900. Shell very small, ovate-
trigonal, solid, compressed. Beaks high, cenral. Sculpture
of strong concentric threads. Hinge andpallial sinus typical
of the genus. Tnne 2, Ilampoon. Yorktown specimens
known only from Rice's Pit. L,ength 4.82 mm, height 3.59
mm.

This very small Semele appears to be adult because of
the weight of the shell and the large hinge structure. Senule
subovata javeniles are much more fragile and have posteri-
orly placed rather than central beaks.

Genus Semeliru Dall, 19fi)
"The small elliptical shell has the posterior end much the
shorter; the hinge has strong lateral reth in the right valve,
none in the left. There is one bifid cardinal tooth in each
valve, and the resilifer is internal. Sculpture of regular
concentric riblets" (Keen, 197 l:259).

156. Sernelina nuculoides (Comad, 1841) (Synonym:
Setrcle? virginiana Meyer, 1888). Shell quite small, very
oval, elongate, very compressed. Beaks low, opisthogyrate,
post€riorly placed; dorsal and venftal margins subparallel.
Sculpnre of exceedingly fi ne and regular concentric grooves.
Znne 2, Williamsburg, Yorktown, Chuckatuck, Suffolk,
Hampton, and Chesapeake. lsngth 4.1 mm; height2.9l
mm . This small, not uncommon species is often overlooked.

Genus Cumingia Sowerby, 1833
"The Cumingias also are white shells but thicker and more
irregular in sh ap . . . Cwningic has a pallial line that doubles
back on itself so that it is confluent with the pallial sinus. The
internal ligament is large; the cardinal teeth are small, the
lateral teeth large in the right valve, weak or wanting in left.
The anterior end is short and rounded, the posterior longer
and angulate" (Keen, l97l:257).

L57 . Cumingia subtellinoides (Ortigny, 1852) (Synonyms:
Anatina tellircides H. C. Lea, 1843, not of Conrad, l83l;
CwningiamcdialisCowad, 1866). Shell fairly small, thin,
inflated anteriorly. Anterior end broadly rounded; posterior
end flexed,pointed. Chondrophoreround, prominent; sculp-
ture of numerous concentric threads. This species is smaller
than the Pleistocene and Recent Curningia tellinoides, md
has more crowded sculpture. Tnne 2,P etsrsburg, Yorktown,
Williamsburg, Smithfield, Chuckatuck, and Chesapeake.
Length 23.5 mm, height 17 mm.

Subfamily Scrobiculariinae

Genus ADrc Lamarck, 1818
"These are small, white, thin, nearly smooth shells. The
ligament is partially external, with only a small portion in a
little capsule back of the cardinal teeth" (Keen ,197l:257'1.

158. Abra aeqzalrs(Say, 1822) (Synonym s: Abra nucliformis
Comad, 1867; Abra aeqrnlis deltoidea Gardner, 1944).
Shell small, oval to ovato-trigonal, thin, inflaled. Beaks low,
pointed, neady central. Anterior margin rounded, posterior
slope rapidly descending. Surface smooth. 7nne2 ?, Suf-
folk (fide Gardner, 1944); Chowan River at Chesapeake.
Length 8.43 mm.

This small clam, when correctly identified, seems to be
restricted to Chowan River and younger deposits. A search
of the U. S. Geological Survey stratigraphic collections
failed to locate Gardner's specimen. All Zone 2 records of
this species are here considered dubious.

159. Abra subreflexn (Contad, 1834) (Synonym: Tellitw
modestaY etill of Dall in Shaler, 1890, notof Venill, 1872).
Shell fairly small, elongate, compressed. Beaks low,
opisthogyrate. Poslerior end produced, pointed. Surface
smooth. This is the most elongate of the small tellinoid
clams in the Yorktown faana. 7nne2, Surry,Isle of Wight,
and Southamplon counties; Petersburg, Williamsburg,
Yorklown, llampton, Suffolk, Chuckanrck. Lern,gth 12.2
mm, height 6.0 mm.

Family Solecurtidae
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Genus Tagelus Gray, 1847
"The jacknife clams are mud-flat dwellers, cylindrical like
the Solens but with the hinge near the middle of the dorsal
margin, bothendsrounded and, orcourse, gaping. The hinge
has two small cardinal teeth. The pallial sinus is deep"
(Keen, l97l:V46).

160. Tagelas plebius (Lightfoot, 1786) (Synonyms: So/en
gibbus Spengler, 1794; Solen dansonii Bosc, 1802; Solen
guineensis Chemnitz, 1795; Solen cariboeuslanrarck, I8 18;
Solen de clivis Turton, l8l9; Siliquaria notata Schumacher,
l8l' | ; Solecurtus centralis Sowerby, 1874, non Say, 1822;
S ole ctrtus angrlctzs Sowerby, 187 4; S iliquaria c arolinensi s
Conrad, 1863). Shell fairly large, elongate, rectangular,
inflated. Beaks low, broadly rounded. Margins subparallel.
Surface smooth save for occasional growth lines. Zone 2,
James City County and Williamsburg. Length 77 mm, height
27 mm.

Family Trapeziidae

Genus C oralliophaga Blainville, 1824
Shell small, inflated, irregularin shape andproportions asis
common with nestling species. Sculpture of radial lines.

161. " Corallioplaga microreticulata" Gardner, 1944. T\e
type lot consists of burrows made by a Litlwphaga mussel
and thin fragments of shell with areticulated microsculpture.
True Coralliophaga frequently occupy Lithoplnga bur-
rows, but the shells are much heavier and more coarsely
sculptured. I strongly suspect that this is a fragmented
Litlwphaga yorkensis Olsson (species 31 of this study) but
maintain it provisionally pending the discovery of material
with matchin g microsculpture.

Superfamily Glossacea
Family Glossidae

Genus Glosstts Poli, 1791
(Synonym: Isocardia Lamarck, 1799)
Shells medium to large, thin o quite heavy, inflated to
globose bivalves with very large, well inflated, incurved
beaks.

162. Glossus fraternus (Say, 1824) (Synonyms: Isocardia
rustica Conrad, 1838; Isocardia conradi Orbigny, 1852;
Isocardb cuolitw Ddl, 1900). Shell large, heavy (Zone 1

spcimens) to thin (7nne 2 specimens), inflated. Ovate-
elongate to nearly circular. Beaks large, prominent, inflated,
strongly incurved. Surface smooth except for rather coarse
growth lines and resting stages. Tnne l, Surry County and
Williamsburg;Znne Z,Hantpton. Length exceeds 100 mm.
This species is foundfrom thelateMiocene intolowerZone
2 faunules.
Superfamily Corbiculacea
Family Corbiculidae

Genus CorbiculaMegerle von Muhlefeldt, lEll
"Shell unusually heavy, subfigonal or cordale; not mark-
edly inequilateral. Umbones subcentral, high, and promi-
nent... Exfernal surface smootl or concentrically furrowed.

Epidermis polished. Cardinals 3 in each valve, diverging
fan-like beneath the umbones. Both anterior and posterior
laterals developed, finely striate transversely. Pallial line
little or no! at dl sinuated" (Gardner, L944:&-65).

163. Corbicula densata (Conrad, 1844). Shell small to
medium sized, thin, subcircular, well-inflated. Hinge with
a prominent nymph. Surface smooth unless etched by fresh
wateraround the umbones. Zorrc 2, Petersburg, Williamsburg,
and llampon; Chowan River at Chesapeake. Irngth 4l
mm, height 35 mm.

Corbicula is a freshwater genus which became extinct
in North America near the Plio-Pleistocene boundry. Inro-
duced Asian species have successfullyrecolonized muchof
the continent in a matter of a few decades. However,
Corbicula densata is almost always found surrounded by
marine taxa, and Henderson (1935), Gardner (1944), and
mostrecently Ward and Blackwelder (1987:124) expressed
doubt over the fresh water requirements of the species.
Campbell,Leventer, andWilliams (198 1) examined oxygen
and carbon isoopes from several populations of Corbicula
densata,and found only ratios consistent with fresh water.
Consequently, C orbi cula de nsata canbe ased as an indicator
of fresh wa0gr, and, especially when paired, as an indicator
of regressive unconformities in an otherwise marine se-
quence.

Superfamily Veneracea
Faftily Veneridae
Subfamily Chioninae

Genus M erc e naria Schumacher, ltl7
Very large, circular to oval, heavy shells with low, cordlike
or lamellar concentric sculpture. Cardinals large; posterior-
laterals short, low, pitted.

164. Mercenaria campechiensis campechiensis (Gmelin,
1791). Shell very large, inflated, heavy, oval. Lunule heart-
shaped; escutcheon lanceolate, raised, smoother than re-
maining sculpture. Venral margin non-plica0e, crenulate
within. Chowan River of Chesapeake. Length 76 mm.

Mercenaria campechiensis conpechiensis is more typi-
cal of Pleistocene and Recent faunas. It is more inflated than
M. c. corrugarc and has a straighter ventral margin.

164a. Mercenaria campechiensis pernugna (Conrad, 1838)
(Possible synonyms: Venus mortoni Conrad, 1838; Venus
s rbna r nni arbigny, 1852; M e r c e nu ia c arcl inensrs Conrad,
1873). Shell large, heavy, sEong, compressed, elongate-
oval; beaks low; hinge large and heavy. Lunule elongate.
Venral margin straight, non-plicate. Sculpture of closely
spaced, concentric lamellae. 7nne2, Chuckatuck, tlamp-
0on, and Chesapeake. Length exceeds 120 mm.

The outer shell layer of this and all Yorktown and
Chowan River Mercenana species is frequently lost due to
abrasion or chemical dissolution. This subspecies may
eventually prove to be a large, non-plicate form of the
following taxon.

165. Mercenaria (campechiensis ?) conugata (Lamarck,
1 8 I 8) (Synon ym; V enus r ileyi Conrad, 1 838). Shell large to
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very large, oval, solid, well-inflated. Ventral margin undu-
lated by irregular radial plications. Sculpture of crowded
concentric lamellae which are commonly missing. 7nne2,
Isle of Wight, Greensville, and James City counties; Peters-
burg, Williamsburg, Yorktown, and Suffolk. Length 80
mm. Vy'ilson (1983) discusses the earlier Lamarckian name.

166. Mercenaria mercenaria (Linnaeus, 1758). Shell me-
dium to large, circular to trigonal, strong. Beaks high,
subcenEal; sculpture of low, non-lamellar concentric cords
becoming obsolete over the center of the disk. Tnne 2 ?,
Claremont Wharf (fide Gardner,1944); Chowan River at
Chesapeake. Length 75.5 mm.

167 . Mercenaria inflataDall, 1903 (Synonyms: Mercenaria
plena inflata Dall, 1903; Mercenaria plena nucea Dall,
1903). Shell small for the genus, heavy, oval to subtrigonal,
with prominent concentric lamellae and a massive hinge.
Znne2,Y orktown andWilliamsburg. Length 60 mm, height
5l mm. Dall (1903) noted that the form Mercenaria plena
nuceamightbe pathologic. The entire Mercenaria inflata
stock could be prcduced by dwarfing the range of variation
shown byMercenaria campecluensls subspecies. However,
at the same size, juvenile specimens of the other taxa are
light, tbin-shelled, and have more widely spaced sculpture.
Ward (1992) has shown Mercenariaplera (Conrad) to be
restricted !o the Miocene.

1 8. M e r c e nar ia c on u g at a v ariety " tr idac no idc s " (,amarck,
1818) (Synonyms:Venus deformis Say, 1824; Mercenaria
percrassaConrad, 1867). Shell very large, inflated, heavy,
thick, and massive. Venral margin commonly plicate.
Beaks rounded, massive, forward of center. Hinge massive;
muscle scars and pallial line deeply impressed. Sculpture of
closely spaced lamellae. Venral margin even to coarsely
and inegularly plicate. Zone2, Isle ofWightand Soutlnmpon
counties; Petersburg, Williamsburg, Suffolk, and Surry.
Length exceeds 150 mm. Wilson (1983) has shown that
Mercerwria coftugatd is the oldest name available for this
complex which includes both the tin-shelled (mercenaria
rileyi) and ttrick-shelled (Mercenaria tridacnoides') mor-
phologies. He suggests that tridacnoides b treated as a
varietal form only.

This ponderous shell is one of the most impressive of the
Yorktown fauna. One of the first North American species to
be illustrated, it was figured by Lister (1683) (reproduced
here as figure l68a). Mercenaria tridacnordes occasionally
exceeds 30 mm in shell thickness, and normally has a plicate
ventral margin. However, no single trait is constant pon-
derously thick specimens may not be plicate, strongly plicate
shells may be thin-shelled. Among the thin shelled forms,
both well inflated and more compressed morphologies are
present, the latter mergin gwith Mercenaria corrugatc. It is
locally common in a variety of sediment types, yet not
uniformily present in any given bio- or lithofacies. It is
particularly common in some of the C lwnc reefs, but is very
rare or absent from the upper Zone 2 beds. This distribution
argues against a simple environmental control over valve
thickness. A purely genetic explanation is weakened by the
inconstancy of the morphologic traits. This variation is a
good example of what was called heterostasis in the intro-

duction of this work. It is also possible that the shell
thickening and plication is a ponderous phenotypic response
!o somepredator,parasiteorpathogen. One largepopulation
of Mercenaria tridacnoides from the Raysor Formation of
South Carolina shows heavy predation from Ecplara
quadricostata and heavy infestation by Gastrocluena and
Lithoplngaendoliths. For the present, the nominate forms
Mercenaria corrugata, M. pertnagna, M. inflata, and M.
tridacnoides are retained as at least subspecifically valid
taxa. All have been described on holotypic rather than on
population concepts, and a comprehensive multivariant
analysis of the group is overdue.

169. Mercenaria q. Shell of moderate size, thin for ttre
genus, oval, compressed. Sculpture unknown. Tnne l,
ubiquitous. Length 78 mm. This form may be identical with
Mer cenaria blakc iW ard, 1992, described from theEastover
Formation. Tnnel specimens are typically very chalky and
deterioriated.

Genus Chione Megerle von Muhlfeldt' 1811
"Concentric sculpture strong; lunule and escutcheon well-
defined in most forms. The genus Chione, abundant in
species, is almostentfuely tropical American in disribution.
The name is pronounced as three syllables -- ki-oh'nee"
(Keen, 1971:183).

170. Chione cortinaria (Rogers and Rogers, 1837). Shell
small to medium in size, ovate-trigonal, thin, inflated. Beaks
a little forward of cenler. Sculpture of closely packed,
ruffled concentric lamellae. Tnne l, Williamsburg and
Carter's Grove. Length 26.5 mm, hei ght23 .5 mm. Chione
cortinaria has more closely spaced and more numerous
lamellae than Chione cribraria (Conrad, 1843), is likely
descendent species.

l7l. Chione tibraria (Conrad, 1843) (Synonyms: Chione
morsitans Olsson and Harbison, 1953; possibly Chione
intapurpurea (Conrad, 1849). Shell small to medium-
sized, oval, thin, inflated. Beaks low, a little forward of
center. Sculpture of ruffled, concentric, upturned lamellae
becoming stronger on the posterior dorsal slope; 28 to 35
lamellae per inch. Interspaces as wide or wider than
lamellae. Tane2,Hantpton, Chuckatuck, and Chesapeake.
Length about 25 mm.

Yorktown specimens ire mre and typically smaller
than Duplin andWaccamaw material. Conrad's types were
Hodge collection mat€rial from Wilmingon, North Caro-
lina. They were from the Waccamaw Formadon. Chione
tibraria from the middle Pliocene Duplin and Yorktown
faunas have their lamellae slightly more crowded than the
\Yaccamaw and Caloosahatchee specimens. The Recent
Chione intapurpurea matches the Yorktown pattern in the
spacing of the lamellae, but the lamellae of the Recent shell
are more subdued over the center of the disk. The Recent
shell also has more and finer lamellae on the lunule. In all
these fiaits, ttre differences are not gr@t. Carol Jones
(1986:personal communication) made an extensive sudy of
Western Atlanttc Chione and expressed the opinion that the
fossil and Recent material belong !o separate species.
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Subgenus Liophora Conrad, 1853
"With wide orrecurved concentric ribs, radial ribs weak or
wanting. Pallial sinus short and angular" (Keen, 197 I : I 90).
172. Chione (Liroplnra) latilirata (Conrad, l8al). (Syn-
onyms: Venruvaricasa Sowerby, 1853; Circumplulus athleta
Conrad, 1863). Shell small to medium size, trigonal, heavy,
and solid. Beaks prominent, placed forward of center.
Sculpture of heavy, rude, concentric ribs which may be
rounded or fluted dorsally. Interspaces nzurow !o broad,
deeply excavated. 7nne2, Williamsburg, Yorklown, and
Chuckatuck. Length 25 mm, height 19 mm.

Ward (1992) considers Ciione latilirata !o be an index
for the Calvert Formation Miocene. The Maryland shells do
average smaller, and the sculpture is weaker than on the
Pliocene to Recent shells. Additionally, no "latilirata"
morphologies are found in the in0ervening faunas benveen
the Calvert and Yorktown. On the other hand, both popula-
tions are highly variable and morphological intergradation
occurs. Therc is atpresenta good argumentbut noconsensus
on the question of one or two species. If Chione latiliratais
restricted to the Calvert, then the next available name for the
Pliocene and Recent taxon is Chione (Lirophora) varicosa
Sowerby.

Subgenus Timocled Brown, 1827
"Small shells with sculpture predominantly radial, crossed
by concentric lamellae of varying srength; escutcheon
varying from weak (in the European type species, Tezrs
ovataPennant, 1777) to beveled and bounded by a scaly
ridge; pallial sinus small and angular" (Keen, l97L:L92).

173. Chione grus (Holmes, 1858) (Synonyms: ? Venus
antillarurn Orbigny, L853: Venus pama G. B. Sowerby,
1854, notofJ. Sowerby, 1829; Chione parvaRome4 1867;
Venus trapezoidalis Kurtz, 1860). Shell very small, rela-
tively solid, rectangular, compressed. Beaks low, anteriorly
placed. Sculpnrre offlatradial ribs crossed by concentric
lines. Zone 2,Suffolk, Chuckanrck, and Chesapeake. Length
6 mm. Yorktown specimens are rare and for the most part
juvenile, but they appear conspecific with the Recent form.

Subfamily Metericinae

Genus TransenellaDatl, 1883
"Small shells, mostly less than 35 mm in length, the inner
margin with more or less well-developed oblique grooves.
Confined to the Americas" (Keen, l97l:l&).

174. Transenella carolinensis Dall, 1903 (Synonym:
Cytherea carolinensis Conrad, 1841, nude name). Shell
small, trigonal, inflated. Beaks low, subcentered. Surface
sm@th, polished, occasionally with irregular concentric
lines laterally. Pallial sinus wide, short, rounded, horizontal.
Tnne 2, Williamsburg, Chuckatuck, Hampton, and Chesa-
peake; Chowan River at Chesapeake.
Length 8.0mm.

Subfamily Circinae

Genus Goaldia C. B. Adams,l&47
'nSmall, sculpture fine; lunule long, escutcheon wanting;

pallial sinus small" (Keen, 197l:162).

175. Gouldia metastriata (Conrad, 1838) (Synonym: Circe
metastria (sic) Conrad of Meyer, 1888). Shell small, trigo-
nal, sturdy, inflated. Beaks pointed, forward of center.
Sculpture of crowded concentric cords crossed by radial
threads; threads more prominent on the lateral slopes. Pallial
sinus hardly more than a ripple in the pallial hne. 7nne2,
Petersburg, Williamsburg, llampton, Yorktown, S mithfi eld,
Chuckatuck, and Chesapeake. Length 11.02 mm.

Subfamily Pitarinae

Genus Pifcr Romer, 1857
"Oval !o subtrigonal, smooth or finely concenrically lamel-
late; lunule superficial, escutcheon not defined" (Keen,
1971:168).

176. Pitar sayana (Conrad, 1833) (Synonyms: Cytherea
convem Say , 1 824 , non Brongniart' lSll; Cythcrea elevata
H. C. Lea, 1843 (uvenile); Pitar morrhuana (Linsley) of
autlrors (Yorktown records), not of Linsley, 1845; Caryatis
plionenaConrad, 1869; Chione albida(Gmelin) of Dall in
Shaler, 1 890, not of Gmelin, I 79 I ). S hell small to moderate
in size, trigonal to oval, inflated, especially as juveniles.
Surface smooth or with slightly raised gowth lines. Beaks
forward of center. Pdlial sinus small, triangular. 7nne2,
ubiquitous; Chowan River at Chesapeake. Length 48 mm,
height 39 mm.

This species varies in shell weight, inflation, and out-
line, providing the raw material from which many useless
varieties might be named. A very smooth, oval, inflated,
thin-shelled form with maximum length of about25 mm can
be found in silt-rich beds at Rice's Pit in l{ampton (Plate 19,
Figure 176a), at the Deep Creek pit, and in the clay along fte
James River near Smithfield. A larger, heavier, oval form
resembling Gardnerns Callo cardia castoriana canbe found
in Corbicula-dominated shell beds atWilliamsburg (Plate
19, Figure l76b). Very large (> 95 mm), trigonal, and heavy
specimens are common in coarse shell in the Chowan River
deposits atChesapeake. Juvenile shells (2-4 mm) are almost
circular, with disproportionately large, inflated beaks. Bottt
ecologic and ontogenetic variation is rampant.

-. 
Pitar subnasura (Conrad, 1841) See Appendix II.

Genus Macrocallista Meek, 1876
"Scarof thepedalrefractormuscle on the undersurfaceof the
hinge plate and below the cardinal tooth is distinct and deep.
Shell elliptical; surface smooth..., lunule narowly cordate,
defined by an incised line. No escurcheon. 3 cardinal teeth
in each valve. Anterior lateral in left valve. Ventral margins
smooth" (Abbotr, 197 4:532).

177. Macrocallista albrub albraria (Say, 1832) (Syn-
onyms: Dione densala Conrad, 1863; Dione virginiana
Conrad, 1863). Shell of moderate size; elongate-oval;
thickened and heavy; very compressed. Beaks well forward
of center. Surface smooth, polished. Znne2, Petersburg,
Williamsburg, Yorktown. Length 68.5 mm.

Fourier harmonic analysis of shell outlines (D. Campbell,
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in preparation) shows no difference betw een M . a. albraria
and M. a. r e p o s t a (see #17 8 below). Adalt M. a. albr ar ia arc
typically smaller and thicker shells, differences that may be
ecotypic.

178. Macrocallista ahraria reposta (Conrad, 1834) (Syn-
onyms: Cytherea pandata Cowad, 1834; not Matocallista
repo sta Cowad,of Comad, 1838, Palmer, 1928-9, orGardner,
1944 (= M acro c allista gr ee niWard and Blackwelder, 1 987)).
Shell large, oval, elongate; thin and fairly fragile. Beaks
forward of center. Surface smooth, polished. Juveniles
proportionally more elongate. Zone 2, Petersburg,
Williamsburg, Yorktown, Suffolk, Hampton, Chuckatuck,
and Chesapeake. Length 90 mm, height 59 mm.

This form is higher, thinner, and more infla0ed than the
previous taxon. The type is from Suffolk, Virginia Under
the name "Cytlrcrea reposta" Conrad (1838) illusrated a
North Carolina specimen of Macrocallista greeniW ud and
Blackwelder ,1987 , setting a precedent followed by almost
all subsequent authors.

t78a. Macrocallista greeni Ward and Blackwelder, 1987
(Synonym: Macrocallista reposta Cowadof authors, not of
Conrad, 1834). Shell large, oval, elongate, thin and fragile;
venEal margin oflen sinuous. M. greeni is rare in the
Chowan River beds at Chesapeake. Length may exceed 80
mm. See Ward and Blackwelder (1987) for illusftations.

Fourier analysis (D. Campbell, in preparation) has
shown that the outline of M. greeniisintermediatebetween
the proportionally higherM. albaria reposta and the much
more elonga0e Recent Macrocallista nimbosa (Lightfoot,
1786).

Genus DosiniaScopoli, 1777
Venus clams with large, nearly circular, thin, compressed
shells and sEong concentric ribbing.

179. D osinia acetabula (Cowd, 1832) (Synonyms: Cyrlrerea
obovata Conrad, 1834; Dosinia ele gans (Conrad) of Dall in
Shaler, 1890, not of Conrad, 1843; Dosinia acetabulwn
obliqua Dall, 1903 ; P andora obovata Conrad of Sherborn,
1929; Dosinia acetabulwn blountaru Mansfield, 1932).
Shell medium to large, circular; very compressed. Beaks
high, central. Surface sculpture of flattened, smooth, con-
centric ribs, averaging 11 per centimeter. Pallial sinus
nalrow, fairly long and prominent. Ligament deeply exca-
vated, just below the beak . Tnne 1, Surry County; Tane 2,
Isle of Wight, Greensville, and Southampton counties;
Petersburg, Williamsburg, Yorktown, Hamp[on (abundant),
Chuckatuck, Suffolk, and Chesapeake. Length 87 mm,
height 84 mm.

Conrad used the trivial name "obovata" only once
(Moore, 1962), so the only reasonable explanation for
Sherborn's reference ts"Pandora obovata Conrad" is as a
lapse for Cytltcrea oboyata, a junior synonym of Dosinia
acetabula.

Subfamily Gemminae

Genus Gemma Deshayes, lt53
"Shell the size and shape ofa split-pea; lunule large, faintly

impressed; no escutcheon; 2 large teeth in the left valve with
a large, median socket between the two. A very thin ridge
which mightbe termed a tooth occurs posteriorly beneath the
ligament. 3 teeth in right valve. Pallial sinus small and
triangular. The shells of the brooded young may be found
inside some females" (Abbott, 1974:534).

lSO.GemrnarnagnaDall,l903(Synonyms:Gemmafturgna
virginiana Dall, 1903; Gernna magna insulcata Gardner,
1944; Gemru rugno majorina Gardner, 1944; Gemrru
tnagnafloridanc Olsson and llarbison, 1953). Shell very
small, trigonal to ovate-trigonal, heavy. Beaks central to a
little forward. Surface with concentric undulations or fine
concentric threads, rarely smooth. Hinge very large and
heavy for size of the shell. Palliat sinus short, narrow,
rounded. Tnne 2, Williamsburg, Yorktown, Chuckatuck,
Suffolk, and Chesapeake; Chowan River at Chesapeake.
Length 2.79 mm.

Family Petricolidae

Genus Petricola Lamarck, 1801
"Ova!e, mostly solid shells; sculpture, if present, mainly
radial. Shells usually distorted by nestling habit in rock
cavities" (Keen, 197 l:197).

l8l. Petricola plwladiformu l"amarck, 1818 (Synonyms:
P etric ol a forni cata Say, 1822; P etricola c aroline nsisConrad,
1863: Petricola rogersi McGavock, 1944). Shell small to
medium in size, cylindrical, thin, and fragile. Beaks
anterior. Sculpture ofanterior end consists ofradial, scaled
ribs which become obsolete over the posterior three fourths
of the shell. 7nne2 at Yorktown in clay. Length (incom-
plete) 11.4 mm, height4.8 mm.

Genus Rupellaria Fleuriau, 1802
"Shell inflated, strong, rounded in front, attenuated and more
compressed behind; sculpture chiefly radial, stronger ante-
riorly. Considered a subgenus of Petricolaby many work-
ers" (Abbor, 197 4:535).

182. Rupellaria pectarosa (Conrad, 1834) (Synonyms:
Rupellaria grinnelli (Olsson, l9l4): Rupellarb pecftosa
(sic) (Conrad) of Campbell and others, 1975). Shell of
moderate size, heavy, inflated, tapering posteriorly. Sculp-
ture of rather rough, irregular radial cords. Relative height
variable. Found burrowing into clay lumps, masses of
annelid tubes, or bryozoans. Icss often nestling in a
depression in shell sand. Tnne2,Pewsburg, Williamsburg,
Yorktown, Smithfield, Day's Point, Suffolk, Chuckatuck,
and Chesapeake. Length 20 mm, height ll mm.

Genus Plciorytis Conrad, 1852
"Shell of moderab dimensions, rather thin, slightly gaping;
transversely elongate, moderately inflated. Umbones ante-
rior, not conspicuously prominent, the tips proximate and
prosogyrate. Lunule and escutcheon not developed. Poste-
rior area flattened but not rosftate..." (Gardner, f 944: I l9).

183. Pleioryrts centenaria (Conrad, 1833) (Synonyms:
P s owtn c o I a r e g ia H. C. l-ea, 1843 ; P s anxno c o I a pl e io c e na
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Tuomey and Holmes, 1856; Plebrytis ovata Comad, 1862;
P etricola hamsr Dall, lX)0; Asaphis centenaria (Conrad) of
authors). Shell of moderate size, ovate 0o rectangular,
dorsally inflated. Hinge as in P eticola,butheavier. Sculp-
ture ofnumerous, even, fine radial threads. Inegular outline
reflects the nestling habit. Tnne l, York County and
Williamsburg; Zore 2, Petenburg, Williamsburg, Yorklown,
Chuckatuck, and Chesapeake. Length 55 mm, height 38
mm.

Family Cooperellidae

Genus Cooperella Carpenter' 18620

"These are thin, quadrate, rather small shells. The hinge of
the right valve has two thin cardinal teeth, that of the left has
three. The pallial sinus is large and wide" (K@n, 197 l:199).

184. Cooperella parilis (Conrad, 1873) (Synonyms:
Cooperella carpenteri Dall, 1900; Diplodonta yorl<cnsis
Dall, 1900). Shell small, smooth, thin, fragile, quadrate,
well-inflated; length greater than height; resembling an
elongate Dlplodonta with a different hinge. The outline is
distinctive. 7nne2,Surry,Isle of Wighq and Southampton
counties; Petersburg, Yorkklwn, Chuckatuck, Suffolk, Ilamp
ton, and Chesapeake. Length 10.9 mm, height 8.7 mm. For
discussion, se Diplodonta punctulata, species # 74,

Order Myoida
Superfamily Myacea
Family Myidae

GenusMyc Linnaeus, 1758
"The valves are slightly unequal in size and have a large
posterior gape. Resilium internal, placed posterior to the
beaks and attached in the left valve to a horizontally project-
ing chondrophore" (Abboc, 197 4:536).

L85. Mya arenaria Linnaeus, 1758 (Yorktown synonyms:
Mya corpulenla Conrad, 1845; Mya producta Conrad of
authors, notofConrad, 1838; foradditional synonyms see
Dall, I 898, and MacNeil, I 964). S hell of moderate size, thin
but strong, elongate-oval. Posterior end.gaping. Tnne 2,
Yorkiown and Petersburg. Length 63 mm, height 40.5 mm
(size estimated from MacNeil figure).

Genus Sphenia Turton, 1822
"Small shells with the right valve edentulous and a small,
shallow chondrophore in the left. The habit of nestling in
cavities produces variations in shape. In general, Sphenias
are white, with a broad, gaping posterior elongation and a
shallow but wide pallial sinus" (Keen, l97I:263).

lST.Splwniadubia (H. C.I-ea, 1843) (Synonyms: Mya
reflexa H. C. Lea, lH3;Tugoniopsisreflexa (H. C. Lea) of
Dall, 1903). Shell small !o very small, elongate, inflated,
very inegular in proportion and form. Left hinge with a
fturow but prominent chondrophore. Surface smooth or
with rough growth lines. Zone 2, Petersburg, Yorktown,
Suffolk, and Chuckatuck. Length 2.3 mm. The type
specimen of Mya reflexa (fig. l87a) is a slightly broken,
relatively high specimen of Sphenia dubia. The more

familiar name has page priority and can be retained. I have
found living Sp henia dubia along the coast of South Carolina
burrowing into decaying floating wood. This confirms
Dall's (1898) reportof living specimens. Sphenia antillensis
Dall and Simpson, 1901 may be a Recent synonym.

Family Corbulidae

Genus Varicorbula Grant and Gale, 1931
"Irft valve much smaller than right, umbones high and
incurved, right valve inflated and witlt the posterior end
somewhat set off by an angle" (Keen, 1971:270). Note:
Stenzel, Krause, and Twining (1957:168-170) argue for the
priority of Notocorbulahedale, 1930, and discuss at length
the vagrancies of the type concept for Varicorbrla. How-
ever,Varicorbzlc is the prevailing usage in the literature at
hand.

L8&.Varicorbula clwwanensls Bailey, 1977. "Shell small,
very strongly inequivalve; right valve convex and inflated
with high, prosogyrate umbo, rounded anterior, truncate
posterior, flat corselet separated from rest of valve by poorly
defined posterior diagonal ridge and abrupt anterior turn of
concentric ribs; left valve flatter and smaller than right;
narrow, well defined umbo, rounded low posterior ridge
defines irregular corselet, rounded anterior, subtruncate
posterior."

"Sculpture of right valve consists of regularly spaced,
rounded concentric ribs, becoming higher and wider near
ventral margin..." @ailey, 1977>. Tane 2, Chuckatuck;
ChowanRiverof North Carolina. Length 8.70 mm, height
6.82 mm.

Varicorbula chipolana carolina @ichards, 1947), rc-
ported from the "Yorktown" of a well at Bogue, Norttt
Carolina, at a depth of 130 feet, was associated with" Melina
maxillata Lamarck" and other pre-Yorktown species.
Richard's taxon is not conspecific with Varicorbula
chowanensis and may be as old as the early Miocene

Eichard Bailey, 1984, personal communication).

Genus Corbula Bruguiere' 1792
"The shells are sturdy and not only inequilateral but some-
what inequivalve, the leftvalvebeing the smaller, carrying
the resilifer; there may be a blunt cardinal tooth in the right
valve. Pallial sinus small to wanting" (Keen, 197l:264).

A number of authors place most or all of the following
corbulids in CaryocorbulaGardner, eitheras a subgenus, or
as a genus.

189. C orb ula cwreata Say, 1824 (Synonym: non Corbula
cwrcata Hinds, 1843). Shell small, inflated, rectangular,
inequivalve, with adistinctposterior-dorsalridge. Sculpture
of fine concentric lines. Ventral margin nearly straight.
Zones I and 2, ubiquious. Length l l.l7 mm, height 8.68
mm.

Say's figures were reversed for Corbula cuileota al;rd

C o r b ul a inae qwl is,lerd;ing to considerable confusion in the
older literature (see Dall, 1898:854).

190. Corbula retusa Gardner, 1944 (Synonyms: Corbula
conradi conradiGardner, 1944, not ofDall, 1898; Corbula
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conrdi retusaGardner, l9M; Corbula swiftiana A&ms of
Richards, 1947,not of C. B. Adams, 1852; Caryocorbula
auroraensis Ward and Blackwelder, 1987; nat Corbula
conrdi Dall of Lamay (1941)). Shell small, elongate-
triangular, inflated. Posterior end truncate. Sculpture of
numerous crowded concentric cords which turn upward
abruptly at the post€riorridge. Microsculpture of fine radial
lines. Vennal margin well-rounded. Zones I and 2, ubiqui-
!ous. Length 10.41 mm; height 5.86 mm.

Stenzel, Krause, and Twining (1957:167-168) provide
a good discussion of the vagrancies of Co rbula conradiDall
and of subsequent uses of the name. Caryocorbula
auroraensis Ward and Blackwelder is an unnecessary re-
placement name for Gardner's preoccupied homonym.

l9l. Corbula inaequalis Say, 1824 (Synonym: Corbula
inaequalis nwn,feldiRichards, 1947). Shell small, trigonal,
nearly equivalve; massively thickened in the adult form.
Concentric sculpture of heavy, somewhat irregular riblee.
Zones I and 2, ubiquitous. Length I1.71 mm, height7.92
mm.

Genus Gastrochaena Spengler, 1783
"Burrowing forms, the shells lying free within a linear
cavity; hinge edentulous; the valves broadly gaping... the
anterior end is nalrow, the posterior end flaring; some
species have small shelly plates for the support of the
muscles, extending into the shell cavity near the hinge"
(Keen, l97l:270\.

L92. Gastroclaena ligula H. C. I€a, 1843 (Synonyms:
Modiolus inflatus (tuomey and Holmes) of Richards,lg4'l,
not of Tuomey and Holmes, 1856; Gastrochaena lingula
(sic) Lea of Campbell and others, 1975). Shell small,
elongate, very thin, narrowly elliptical, inflated. Ventral
margin gaping. Beaks low, anterior. Sculpture of fine
concentric growth lines only. Burrow shaped like a long-
necked vase. This is an endolithic species, commonly
burrowing into a variety of bivalve and gastropod shells,
especially thicker shells stchas MercenariaandClwrrc. If
a Gastroclwena selects a thin shell, it can secrete a lumpy
mass of carbonate around itself to accomodate ic burrow.
Zone 2, Petersburg, Williamsburg, Chuckatuck, and
Smithfield. Length 12.41 mm, height 6.49 mm.

Superfamily Hiatellacea
Family Hiatellidae

Genus Hiatella Bosc, 1801
Shell small, rectangular !o oval, normally compressed.
Individual specimens highly variable due to their nestling
habit.

L93. Hiatella arctica (Linnaeus, 1767) (Yorktown syn-
onyms: Saxicava distorta Say, 1822; Saxicava bilineata
Conrad, 1838; Saxicava ar ctic a bicristatasandberger, 1 863 ;
Saxicava insita Conrad, 1869; Saxicava incita Cowad,
1869: Saxicava protexta Conrad, 1873). For additional
synonyms see Dall, I 898: 834. Shell small, elongate, rectan-
gular, somewhat inflaled, heavy, very irregular in form.
Posterior slope with or without a pair of diagonal ridges

which are spinosein very young specimens. Tnnesl andZ,
ubiquitous. Length 2l mm.

This is a nestling species of inegular shape. It may be
found paired and in place inside barnacles, in the sutural
channel of the gasropods Busycon incile or Ecphora
qrrcdricostata, or simply in crevices of packedcoarse shell.
Recent material from off Charleston, South Carolina con-
sists of larger, more robust and inflated shells with no trace
of the posteriorridges. However, the general consensus is 0o

recognize a single species widespread in space and time.

Genus PanopeaMenard, 1807
"The valves are medium-sized to large, quadrate, gaping at
both ends, the beaks subcentral. The ligament is liarge, on a
nymph, and the pallial sinus is wide. In either valve tlere is
one small cardinal tooth. Long siphons enable the animals
to live some distance below the surface in muddy sand, a
situation from which few enemies are able to dislodge them"
(Keen, 1971:723).

I94. Panopea goldfussiWagner, 1838 (Synonym: Panopea
porrectaconrad, 1845). Shell large, thin, elongate, inflated,
tapering posteriorly. Anteriorend slightly gaping; posterior
widely gaping. Beaks well anterior. Surface smooth save
for rough lines of growth. Tnne 2, Hampton and Suffolk.
Length 102 mm, height 57 mm. This species seems re-
stricted !o lower Tnne2beds.

195. Parcpea reflexa(Say, 1824) (Synonyms: Panopaea
anuricara Conrad of Lyell, 1845, not of Conrad, 1838;
P anopae a al drov andiMetnrdof Lyell, I 845, not of Menard,
1807; Panopaea cymbulaHeilprin, 1886). Shell very large,
thin, rectangular, elongate. Dorsal and ven8al margins
roughly parallel. Beaks slightly anlerior. Surface smooth
save for rough lines of growth. Zone l, Williamsburg;7-otle
2 ubiquitous. Length 135 mm, height 74 mm.

This form occursrarely, orin densecolonies. Itis almost
always found paired and in the original growth position.
Juvenile specimens are rarely found, suggesting low fecun-
dity and high survival rates. Rough pearls may sometimes
be present.

Panopea cymbulaHeilprin (1886) was created for this,
the mostcommon Yorktown P anopea. Heilprin challenged
the accepted origin and identity of P anopea reflem,argurng
that Say's I 824 figure is more typical of a Floridian species.
However, he did notactually apply Say's name 0o any of the
Floridian forms. Spamer and Forster (1988:78) note that the
holotype of Parwpea cymbula, ANSP 16377, has been
relocated in Academy collections. In my opinion, Say's
figured specimen is atypical but easily falls within the range
of variation for Yorktown Panopea reflexa.

Superfamily Pholadrcea
Family Pholadidae
Subfamily Pholadinae

Genus Cyrtoplewa Tryon' 1862
'"This genus, though resembling Pholas, does not have the
reflected umbonal margin, and the supplementary plates are
partially horny" (Keen, L97 l:27 5).
196. Cyrtoplewc trcrmta (Conrad, 1841) (Synonyms:



PUBLICATION 127

P holas costatzs Linnaeus of Tuomey andHolmes, 1856, not
oflinnaeus, 1758; Pholas acuminataConrad, 1845). Shell
fairly large, elongate, thin and fragile. Protoplax high,
without vertical septa. Sculpture of 30 !o 40 radial beaded
itr,. ZnrcZ,lsleof Wight and Middlesex counties; Yorttown,
Suffolk, S mithfi eld, and Chuckatuck. Length 93 mm, height
37 mm.

The figured specimen has a large blister pearl from
polydorid worm infestatiot. Cyrtopleura arcrnta differs
from the Recent Cyrtopleura costata in being smaller, in
having more numerous ribs, and in having a different
umbonal margin.

Genus Pholaslinnaeus, 1758
"Shells narrowly pointed anteriorly, protoplax divided length-
wise in two parts" (Keen, l97l:275).

197 . P holas memmingeriiTuomey and Holmes, I 856. Shell
of moderate size, elonga0e-rectangular, thin and fragile.
Anlerior and posterior margins rounded to truncate. Ap-
ophyses short, curved, spatulate. Protoplax with vertical
septa beneath. Sculpture of serrated concentric lamellae
especially prominentover the anterior half of the shell. Zone
2, Williamsburg (vertical pairs in stiff clay) and Chuckatuck.
Length 53 mm, height 21 mm.

Genus Zbfaea Gray,1842
"Shell oval in outline, beaked anteriorly, rounded posteri-
orly, widely gaping at both ends and having a sulcus
extending from the umbo to the venral margin. Only one
dorsal acessory plate; a small, triangular, fragile, calcareous
mesoplax. Apophyses solid, sfrongly curved, narrowly
spoon-shaped" (Abbott, 197 42544\.

l9SZirfaea rhornboidea (H. C. Lea, 1843). Shell very small
(uvenile ?), elongate, thin. Umbonal-ventral sulcus well
developed, with a secondary groove anterior and parallel to
the umbonal groove. Anterior and posterior ends pointed.
Venfal margin serrate. Apophyses short" curved, peg-like.
Sculpture of concenEic lines. Zone 2, Pe0ersburg. Irngth
7.1 mm; height 4.57 mm. The type remains unique.

Subfamily Martesiinae

Genus Martesia Sowerby, 1824
'Shell thin, ovate-oblong, cuneiform, strengthened by 3
accessory plates; gaping posseriorly. At the completion of
the burrow, valves closed in front with a calcareous septum
or "callum". Surface deeply sculptured by a sulcus running
diagonally backward from the umbones !o the ventral mar-
gin. Concentric sculphrre in front of the groove more raspy
and more regular than behind it. Myophore long, slender,
curved. Burrows flask-shaped" (Gardner, 1944:142-143).

199, Martesia sp. cf. M. ovalis (Say, 1820) (Synonym:
Martesid cuncctc (Say) ofGardner, 1944, notof Say,1822).
Shell smallo moderatein size,obliquelyoval, thin. Protoplax
small, with a groove passing from the umbo to the ventral
margin. Anterior margin gaping or nearly filled with callum.
Sculpture of fine, rather even concentric lines. Apophyses
narow, curved, needle-like. Zone 2, Yorktown, Smithfield,

Williamsburg, and Hampton. Length 25 mm.
The Yorklown specimens are nearly always found

bunowed into coral. Rlecent Martesia crneiformrs, a mor€
elongate shell with more widely spaced sculpture, is typi-
cally a wood borer. Glenn ( I 9M , plate LXV) figures typical
Martesia ovalls from the Choptank Formation of Maryland.
The Yorktown matorial differs only in averaging larger.

Genus Teredina Lamarck, 1818
Shell as in Mutesia,but in the adult phase extended into a
T e r e do -lrJre chalky tube.

20[.. Teredinaftstula (H. C.Lea, 1843) (Synonyms: Teredo
calamusH.C.Leaof authors, notof H. C.Lea, 1843; Kuphus
calamusl-eaof Gardner, 1944). Shell very rarely preserved
(or possibly unknown). Aragonitic burrows thick, heavy,
often chalky, always broken. Tnne l, ubiquitous; Znne2,
Southampon County, Petersburg, Williamsburg, Yorklown,
and [Iamp0on. This species became extinct prior to the
uppermost York0own. Length (incomplete) 39 mm, prob-
ably exceeding 250 mm.

Gardner (1944) argued thatTeredo fistula was a junior
synonym of Teredo calarnus,basel on page priority. How-
ever,I-auk Ward (1976, personal communication) pointed
oatthatTeredo calamus consisted of narrow, calcitic tubes
broken out of a mass of bryozoans, a typical annelid habit.
Morerecently,Ward (1992: I l5) has placedTeredo calamus
inTeredo, a genus otherwise known to only burrow in wood.
I am convinced that Teredo calamus Lea is an annelid.
Therefore Lea's two "Teredo" species are not conphyletic
and cannotbe synonyms.

Teredo calamus Tuomey, 1854, from the Cretaceous of
Mississippi is almostcerrainly a lapse,becauseTuomey was
familiar with the Lea's and their work, being the source of
the Petersburg material described by H. C . [ea. Tuomey and
Holmes (1855-57) also cite Lea qpecies names. Tuomey's
usage is a primary homonym, but ils exact identity is beyond
the scope of this shrdy. David Dockery (1992, personal
communication) has sections of Cretaceous lignitic woodin
theMississippi Geological Surveycollections which abound
in large, Teredo-like burrows from which the carbonate
burrow linings have been leached.

The shell of Teredina fstula is known from a single
specimen, supposedly from the original Rogers and Rogers
collection (Boston Society of Natural History specimen #
9562), now lost, but described and well illusrated by
Johnson ( I 904). Johnson's short paper was not obscure, but
only Ward (1992, has subsequently cited it. At least since
Gardner (1944), this species has been placed in the genus
Kuplws Guettard (1770). Its type, Serpula polytlalamia
Linnaeus, 1767, is a meter long, thin- tubed teredinid
reaching 100 mm in diameter. Modern Kuplws initially
burrow in8o mangrove roots, but continue tube development
in mud when the animal outgrows its wood subsrate (Ruth
Turner, l990,personal communication). Kuphus incrassatw
Gabb, 1873, from the Miocene and Oligocene of Florida and
the Caribbean appears to be a legitimate large, thin-shelled
Kuplws (H. Vokes, 1972). However, such morphology is in
sharp contrast with the thick, chalky, 15-20 mm diameter
tubes of Teredina futula. A possible second American
Pliocene qpecies ofTeredina has been described from Ja-
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maica as Teredina bowdeniana Dall, 1898. The specimen
consists of the shell only, the presumed tube being broken
away. Woodring (1925) dismissed the notion of a rube,
however, and placed that species in Martesia.

Teredo species are wood-boring shipworms with a
rudimentary shell inside the calcareous burrow lining or
tube. The shell is almost always lost in fossil material.
Teredina spe*ies are sand-burrowing pholads which initially
produce a Mcrtesralike shell which developes typically up
to a point in its ontogeny. The animal then abandons normal
shell growth in favorof tube formation with the initial shell
attached to ttre base of the tube. Teredina species apparently
burrow in sand.

Here, I follow Johnson in placing Teredo fistula n
Teredina, but it seems strange that a form known from
thousands of tube segments should have only a single
recovery of the shell. Further, many tube fragments in hand
are smaller than the Johnson specimen without any ftace of
original shell. The Teredina assignment must therefore be
considered provisional until someone rediscovers shell-
preserved specimens. Should Teredina prove to be incor-
rect, Teredo fistula certainly is not a Kuphus, and may
require a new genus. Teredina spcimens from France show
a constriction at the fansition point from shell 0o tube, a
feature not present in Johnson's (1904) illusration of T.
fistula. Consequently, admixing of European and American
specimens seems unlikely.

Subclass Anomalodesmata
Order Pholadomyoida
Superfamily Pholadomyacea
Family Margaritaridae

Genus Maryarinria Conrad, 1832
Elongate-rectangular, gaping shells with a friable nacreous
shell srucrure. No hinge leeth. All known species have
prominent, nalrow, widely spaced radial ttrreads.

201. Mar garitaria abrupta(Conrad, I 832). Shell of moder-
ate size, elongate, rectangular,ratherbrittle, nacreous. Beaks
central, low. Surface rather rough, with thtee radial ridges
passing from the beak to the ventral margin. Anterior and
posterior ends gaping. Znne2, Yorklown, Williamsburg,
Chuckatuck, Hampton, Smithfield, and Chesapeake. Length
68 mm, height 38 mm. This was a deep burrowing species
frequently found paired and in a vertical position. Juvenile
specimens are very rare, indicating a species with low
fecundity and high survival ra&es.

Superfamily Pandorrcea
Family Lyonsiidae

Genus LyonsiaTurton, 1822
"Shells elongate, posterior side longer, gaping at the end;
thin, nacreous, and with a thin yellowish periostracum.
Middle section of the internal resilium is covered by a large,
calcareous lithodesma" (Abbott, 197 4:554\.

?-02. Lyonsia species. Shell small, very thin, elongate,
nacroous. 7-one2, Chesapeake. Length 15 mm. A single
broken specimen and a single, minute juvenile (Plate 22,

Figure 220a) belonging to this genus was recovered at the
Deep Creek pit.

Family Pandoridae

Genus Pandora Bruguiere, 1797
"Ifodd shapes are any criterion, these are indeed Pandora's
boxes. Some forms look like Turkish slippers done in pearl,
others like hatchets, and still others like little fans. One
wonders where the animal that formed the shells found space
to live, for the right valve is flat, and the left valve only
slightly arched. There is no hinge plate, but along the dorsal
margin one to three radiating buttresses or laminae (called
cardinal teeth, by courtesy, or more accuralely, crura) serve
!o protect the ligament and act as a hinge" (Keen , 197 l:287) .
Note: no separation into subgenera is here attempted.

203. Pandora arenosa Conrad, 1834 (Synonym: Panfura
carolinensis Bush, I 885). Shell small, inequivalve, sturdy,
irregularly elliptical. Left valve moderately inflated, right
valve flat or concave. Posterior dorsal rostrum very short.
Left valve smooth; right valve with faint radiating lines.
Tnne 2, Yorktown, Hampbn, Suffolk, Chuckatuck, and
Chesapeake. Length 17.5 mm.

?-M. P ardora crassidens Conrad, I 838 (Synonyms: P andora
prodromos Gardner and Aldrich, l9l9; Pandora conradi
ldansfield, 1929). Shell of moderate size, thin to fairly
heavy, very compressed, inequivalve, nacreous. Surface
smooth or with an occasional radial thread on the right valve.
Crura massive. Relative proportions vary with growth from
relatively n.urow subadult shells (Pandora conradi) to
broad, fully adult forms. Tnne 2, Yorktown, Suffolk,
Ilampon,Chesapeake, Smithfield, andChuckatuck. Length
reaches 35 to 40 mm.

Pandora crassidens was thought by Ivlansfield and
Gardner !o be more typical of pre-Yorktown faunas, espe-
ciallyof Marylandas described and figuredby Glenn (19M).
However, the type locality is James River near Smithfield.
It is the most common PandorainZnne2 faunules.

?-05. Pandora crassidens nujorina Gardner, 1944. Shell
very large for the genus, exceptionally broad, very heavy,
recangular. Dorsal and ventral margins subparallel. Crura
very massive. Right valve concave, with radially incised
grooves. Tnne 2, Southampon County and llampon.
Length exceeds 50 mm. This is a very rar-e taxon. Larger
populations will probably establish it as a fully distinct
species.

?-A6. Pandora rndulata Campbell, new species. Shell of
moderate size, nacreous, rather brittle. Full outline un-
known. Left valve well inflated; right valve unknown.
Sculpture of left valve vigorous, of concentric undulalions
over the entire disk. beaks anteriorly placed. Anterior crura
venrally directed. Type locality: Tutter's Neck Pond
spillway, just east of Williamsburg, Virginia. Tnne I,
Williamsburg and Carter's Grove. Length (incomplete) 22
mm, height 23 mm.

Etymology: No other Yorktown or Recent Pandora
shows such vigorous undulatory structure. The species is
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named for this most distinctive trait.

207. Pandora species Shell small, compressed, thin, nacre-
ous under a thin, flaking, porcellaneous ouler shell layer.
L*e Pandora crassidens but less produced posteriorly in
shells of the same size, and with more delicate crura with a
different curvature. Chowan River at Chesapeake. I*ngth
19 mm, height L2mm.

208. Pandora tuomeyi Gardner and Aldrich, 1919 (Syn-
onym: P andora trilineata Say of Tuomey and Holmes, I 856,
not of Say, 1822). Shell fairly small, very elongate, thin and
compressed, tapering posteriorly, wing-like in outline. Sur-
face smooth. Zone 2,Williamsburg, Yorktown,and Suffolk
Length 17 mm, height9 mm.

P andora twmcyi is close to the Pleistocene and Recent
Pandora trilineata Say, differing in attaining a larger size
and in having the crura set at a diff€rent angle.

Family Thraciidae

Genus Thracia Sowerby, 1823
"Smooth, not nacreous-textured, inequivalve, the right valve
larger; surface granular in most forms, hinge edentulous,
resilium in an obliquely directed chondrophore; posterior
end broadly truncate and set off by a low ridge; pallial line
with a sinus" (Keen, l97l:295).

209. Thracia magw, Campbell, new species (Synonym:
Tlvacia conrdiCouthouy of authors, in part, Yorktown and
Jackson Bluff records only, not of Couthouy, 1839). Shell
very large, dorsally inflated, thin and very brittle. Beaks low,
rounded; umbo often perforated. Posterior end somewhat
produced. Type locality: Rice's Pit at Hampton, Virginia.
Znne Z,Hantplon, Suffolk, and Days Point. Length exceeds
120 mm.

Tlvacia conrdi is a smaller and more rounded shell
which is confined to the Pleistocene and Recent of Boreal
and Cold-temperate provinces. Thracia stimpsoni Dall,
1886, found from Cape Hatteras to Texas, is larger than
Tlvacia conradi, smaller than Tlvacia magno, and more
produced posteriorly than either of ttrose species. Dall
(1900) proposed Thracia conradi lnrrisi for a Maryland
Miocene shell which represents yet another species.

Etymology: named for its size, the largest Tlvacia of
which I can find reference.

210. Thracia transversct H. C. I€a, 1843. Shell very small,
thin, very compressed. Beaks high, pointed. Posterior-
dorsal slope concave, posteriof end truncale. Anterior and
veneal margins rounded. Surface smooth. Zone 2, Peters-
burg, Yuktown, Hampton, Suffolk, andChuckamck. I*ngth
3.2 mm.

2I0a- Thracia mad.de$sensis Gardner, 1944. Shell very
small, thin, oval, inflated. Sculpture of flat, concentric
threads. Umbo high, inflated. Posteriorbluntly truncate, not
produced. Tnne 2, Maddely's Bluff, Meherrin River in
Southampon County.
Length 5.0 mm.

Genus Cyathodonta Conrad, 1849
"Shsll with undulating sculpture or oblique rows of granules;
ligament internal, on a chondrophore" (K@n, l97l:297').

2ll. Cyatlndonta dalli (Mansfield, 1929r. Shell fairly
small, thin, very fragile and usually broken. Outline ovate-
rectangular. Beaks low, opisthogyrate. Sculpture forward
of theposteriorridge consists of obliquely concentric wrinkles
visible on both the intemal and external surfaces. Fine
sculpture of radial rows of granularbeads especially promi-
nent on the posterior slope. Zone 2, lsle of Wight County,
Chuckatuck, Benns Church, Chesaircake, and Smithfield.
Lengh 34 rirm, height 25 mm. No other Yorktown species
can be ccinfused with this rare, elegantly sculpttred bivalve.
Family Periplomatidae

Genus P eriploma Schumacher, l8l7
"Thin, rightvalve more convex than leftandoverlapping it.
Surface granular, beaks opisthogyrate; resilium in a spoon-
shaped chondrophore in each valve, anterior muscle scar
long andnarrow, posterior small and crescentic; pallial sinus
short, rounded" (Keen, 197l:292).

212. P er iplona sp. cf . P . per al ta Corad, 1 867 (Synonym :

Periplona alta Cowad, 1863, not of C. B. Adams, 1852).
Shell small !o moderate in size, circular to slightly oval-
elongate, very thin and fragile. Chondrophore prominent,
supported by a subumbonal rib, ventrally and posteriorly
directed. Right valve well inflated, left valve compressed.
Surface nearly smooth. Length exceeds 34 mm.

Periplonu peraka is based on crushed material from
N4aryland. Very similarcrushed material can be found in the
Mogarts Beach clays along the James River north of
Smithfield, but perfect material has been found at Rice's Pit
in [lampton . Whether the Yorktown species is identical with
the older Maryland material is uncertain, but the name is here
provisionally used, pending discovery of better comparative
Maryland material.

Genus C ochlodesma Couthouy, 1838
"The prominent clavicular rib supporting the chondrophore
is absent, and in front of the chondrophores there is a
cartilaginous dark-brown mass uniting the valves and taking
the place of the lithodesma" (Abbott,1974:56I'1.

213. Cochbdesnu antiqtu (Conrad, 1834) (Synonyms:
C o c hl ode snu le anafl or idarulvlansfi eld, I 937 ; C o c ltlo fo s nu
emmonsii Ward and Balckwelder, 1987 ; not Cochlodcsma
dntUuatu,nt (sic) Conrad of Verrill, 1873). Shell of moderate
size, ovate-elongate !o rectangular, thin and very foagile.
Chondrophore prominent, ventrally directed. Irft valve
very compressed, right valve a little less so. Surface smooth
andpolished. Zone 2, Yorklown, Chuckattrck, Benns Church,
and Chesapeake. Length 47 mm, height 33 mm.

The recent Cochlodesnu learw Conrad is a smaller,
thinner, more compressed shell with a more posteriorly
directed chondrophore.

Order S eptibranchoidea
Superfamily Poromyacea
Family Verticordiidae
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Genus Venicordia Sowerby, 1E44
"Small, lustrous, with strong, curved, radial ribs; ligament
internal, in a large lithodesma" (Keen, l97l:302).

214. Verticordia rogersii Gardner, 1944. Shell very small,
compressed, nacreous within. Beaks high, prominent, di-
rected forward. Sculpture ofnine or ten heavy radial ribs
with a very wide posterior-central inter-rib area.
Microsculpture of very densely packed granular beads.
Znne 2,Isle of Wight County, Smithfield, Williamsburg,
Suffolk, Chuckatuck, and Chesapeake.
Length 3.0 mm.

215. Verticordic species. Shell very small, somewhat
compressed,ovate. Beaks prominent, rolled forward. Sculp-
ture of ten fairly heavy radial ribs. Chowan River at
Chesapeake. Length 5.0 mm.

This rare shell resembles Verticordia rogersii,bat
differs in being nearly twice as large, proportionally more
elongate, and in having narrower ribs and more prominent
beaks. It might be taken for an exceptionally larye V.
rogersii,batapopulation of over 50 specimens of the latter
demonstrates an adult maximum size well short of the
Chowan River specimen.

Class Scaphopoda
Family Dentaliidae
"Shells with the greatest diameter at the oral aperture;
surface smooth or sculptured; radula with central tooth twice
as wide as high; footof animal conical, not terminating in an
expandable disk" (Keen, 197 1:883).

Genus Dentaliwn Linnaeus, 1758
216. Dentaliwn attenuatum Say, 1824 (Synonyms: D.
costatumSowerby of Lyell, 1845, not of Sowerby, l8l4; D.
dentalis Conrad Lyell, 1845, not Lamarck, 1818). Shell a
narrow tapering curved cylinder with 12 to 16longitudinal
ribs extending the length of the shell. Intenib groove
narrowerthan ribs. Zone 1, ubiquitous; Zone2, Petersburg,
Wiliamsburg, Yorktown, Ilampton and Chuckatuck. Length
34 mm.

2L7 . D entalium car olinense Conrad, 1 862. Shell a curved
tapering cylinder with 8 to 1l broader ribs becoming obso-
lete with mature growth. Tnne2,Chackatuck, Ilampton and
Chesapeake. Length 39 mm.

This species needs !o be validated by a comparison of
populations. Supposed differences of less curvature, wider
inlerspaces and obsolete sculpture on the anterior end may
reflect ontogeny rather than species-level taits.

Genus Caduhn Philippi' 18214

"Mostly small, somewhat arched; greatestdiameter between
the middle of the shell and the apertural end; aperftre
contracted; tube surface smooth; foot of animal with a
median disk lacking a central projection" (Keen, I 97 I : 890).

218. Cadulus tlwllus (Conrad, 1834) (Synonyms: Den-
taliutn thallwn Conrad, L834; Ditrupa gadus Montagu of
Lyell, 1845, not of Montagu, 1803; Cadulus carolinensis
Bush of Dall in Shaler, 1 890 not of Bush, 1 885). Shell small,

smooth, cylindrical, slightly curved, slightly swollen above
the base. Tnne l, Middlesex County and Williamsburg;
Tnne 2, ubiquitous. Length 8.96 mm. Some Yorktown
specimens are smaller, more slender and more evenly ta-
pered. These are interpreted as juvenile specimens of C.
tlwllus. Some freshly excavated specimens show an appar-
ent color pattern of dark brown, slightly oblique bands.

Class Polyplacophora
Order Neoloricata
Family Ischnochitonida

Genus I schnochitan Gray, 1847
Small to very small chitons, commonly with pitted sculp-
ture.

219. Ischnoclriton species. Shell very small to minule,
acutely arched; central plates transversely very narrow. Tail
valie with a central knob or mucro. Sculpture of spiraling
rows of large pits forming a "snakeskin" pattern. 7nne2,
Chuckatuck and Chesapeake. Length of center plate 0.71
mm, width 2.01 mm. Length of figured tail plate 1.5 1 mm,
width 2.37 mm. This species was first compared with 1.

papillosus of the Recent fauna, but the fossil species lacks
beading and the well-defined central ridge (ugum), and
central plates are narrower, longitudinally. Bill Lyons
(1992, personal communication) states that the fossil is
conspecific with a living species from Florida. The nomen-
clature of theRecent species is confused in lhe literature, and
he has a revision in progress.

Family Chaetopleuridae

Genus Chaetopleura Shuttleworth, 1853
"The girdle spiculose, interspersed with scattered hairs or
spines. Valve sculpture of pustules, generally arranged in
rows. Serrate sinus plane present, and outer surfaces of
insertion teeth grooved" (Keen, l97l:877).

220. C lwetopleura apicalara (Say, 1 830) (Synonym: C hiton
transenraH. C. Lea, 1843). Shell small, well arched, with
a central ridge or jugum. Sculpture of parallel rows of beads
on the head and tail plates. Invariably found as disarticulated
plates in the shell sands. 7nne2,Petercburg, Williamsburg,
Smithfield, Chuckatuck and Chesapeake. Length of center
plats,l.7 mm; width7.0 mm. Lengthofheadplate,3.5 mm;
width 9.5 mm.

Class Gastropoda
Subcless Prosobranchia
Order ArchaeogasEopoda
Superfamily Fissureliacea
Family Fissurellidae

Genus Diodora Gray' 1821
"Sculpture cancellate; callus inside apex squared posteri-
orly; muscle scars with hooked ends" (Keen, l97l:313).

-. 
Diodora carolinensis (Conrad, 1875). Shell fairly

small, oval, slightly tapering; keyhole constricted. Sculp-
ture of38 rather large radial ribs crossed by fine concentric
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threads. See Appendix I.

_. D io dor a altico s ta (Conrad, I 834). Restricted to the S t.
Marys Formation. See Appendix II.

221. Diodora catillifurmis Rogers and Rogers, 1837 (Syn-
onym: Fr'ssrridea catilliforrnis alumensisMansfield, 1930).
Shell small, oval, fairly low; keyhole oval, posteriorly
placed. Radial sculpture of numerous flattened ribs;
interspaces very n:urow; concentric sculpture of growth
lines only.

If this is a valid taxon, it is apparently a rare form not
recognized in recent collections. Gardner (1948) records it
from Zone 2 without a specific locality. Length originally
given as l/2". Pilsbry and Johnson (1892:105) concluded
that F. catillifurmis was likely a synonym of F. redimicula
Say.

222. Diodora oblonga (H. C. Lea, 1843) (Synonyms:
Fissurella alticosta Conrad ofPilsbry and Johnson (1892),
not of Conrad 1834; Diodora redimicula virgilinaGardner,
1948). Shell of medium size, oval, moderately elevated.
Apical foramen oval and slightly posterior. Radial sculpture
of numerous uneven ribs typically alternating through a
pattern of very strong, then weak, moderately sfiong, tlen
weak, etc. Fine concentric threads bead the radial ribs.
Juvenile stages may show a spiral protoconch which is later
absorbedby the expanding apical foramen. Zone2,ubiqui-
tous. Length 39 mm; height (elevation) 20 mm.

Lea's type specimen was a L mm juvenile which he
erroneously placed in Cemoria, thus avoiding homonymy
with Fjssnrella oblongaMerke. 1843 from Ausralia. This
Ausralian faxon is not a Diodora (ftdaPetit, 1981, personal
communication), therefore Lea's designation remains valid.
A full ontogenetic series connects Lea's juvenile with adult
forms (up to 55 mm in length) later named D. redimicula
virgilina by Gardner (1948). Pilsbry and Johnson (1892)
assigned the large, strongly sculptured Y orktownDiodorata
D.akicosta(Conrad, 1834). As figuredbyGlenn (l90t: pl.
L)ilII), D. alticosta shares details of sculpture pattern with
D. oblonga,but its shell is proportionally higher from base
Eo "keyhole". I have not examined populations of the
Maryland laxon. If conspecific, D. alticosta has priority.

223. Diodora redimicula (Say, I 824) (Synonym: Fissrella
redimicola (sic) Say Sherborn, 1930). Shell of moderate
size, elevated, apical foramen oval and a little posterior.
Sculpture of numerous crowded, uniformly-sized radial ribs
beaded by fine concentric lines. Say's 1824 figure and
description are less than definitive but resemble aDiodora
with uniformly elevated radial sculpture, a pattern found
especially in Tnne I specimens. Tnne l,ubiquitous.

Superfamily Trochacea
Family Trochidae

Genus Solariolla Wood, 1842
j'Deeply umbilicate shells in which the umbilicus is usually
bordered by a beaded cord. The radula is diagnostic, with
lateral teeth two to four in number, cusped only on the outer
side. All species occur offshore, some in relatively deep
water" (Keen, 197 l:331).

224. Solariella olssoni Campbell, new species (Synonym:
S. gerrna (Tuomey and Holmes) of Olsson, 1914, not of
Tuomey and Holmes, 1856). Shell of moderate size, turbi-
nate; two nuclear and four poshuclear whorls. Umbilicus
wide, deep, with two faintly impressed spiral lines. Ex0emal
sculpture of three strong, granulated keels on body whorl and
three smooth spiral cords on the base, with a stronger,
granulated rib at the umbilical margin. Radial sculp$re of
oblique threads which granulate the keels. Aperhrre round,
nacreous within. Zone l, James City County atGroveWharf
and Williamsburg. Type locality: Williamsburgat the
spillway for Tutters Neck pond. Height 7.5 mm; diameter
8.27 mm.

Etymology: named for Axel Olsson who first figured
thd species.

225. Solariella rice i Canrpbell, new species. (Synonym: S.
cancellata (Conrad) Campbell, 1976, notof Conrad, 1833).
Shell large for the genus, Erbinate; two smooth nuclear and
five tabula0e postrruclear whorls. Suture narrowly im-
pressed. Umbilicas wide, deep, with four spiral ribs. Exler-
nal sculpture of numerous finely granularribs,9 or l0 on the
body whorl; shoulder and cental ribs are stronger, forming
a carina. Base and umbilicus with 8 or 9 granulated spirals
strongest at umbilical border. Shoulder whorl and base
covered with fine, closely spaced, uniformly oblique radial
tlreads, giving the surface a granular or cancellate appear-
ance. Aperture circular, nacreous within. Zone 2,
Williamsburg and }Iampton. Type locality: Ezsrs shell bed
at Rice's Pit, Ilampon, Virginia. Height 11.56 mm; diam-
eter 12.55 mm.

Conrad (1833) provided a brief, but compatible, de-
scription of So lmium cancellatum from"Suffolk, Va" which
I (Campbellandothers, 1975) applied to theZone2 Yorktown
Soloriella commonly found in Hampton. However later
reversing himself, Conrad (1835) stated that his specimen
came from Claiboume, Alabama @ocene), thus predating
Isaac Lea's S . cancellatwn (1833) from those beds by a few
days. Whether Conrad started with a Suffolk shell and later
swirched the type or just confused his localities remains
buried in his feud with the Leas, but the existing type was
examined and found to be Eocene.

Etymology: named for William Rice.

226. Solaiella shacHefordcnsis Olsson, 1914 "Shell of
medium size,pearly; whorls about6 in number; nucleusvery
small; earlier whorls with two carinated ribs, one at the
angle, the other about the middle; upper surface of whorl
smooth and with oblique wave-likeundulations which cause
the granulation of the revolving ribs; suture of the later
whods gradually advancing down so that additional revolv-
ing ribs and lines are brought into view; on the body whorl
a smaller faint revolving line is introduced between the two
carinated; in addition there are two plain ribs below the
carinated ones, the lowermost being the largest; base of shell
with about five revolving, plain ribs; umbilicus deep and
bordered by a strongly carinated rib; interior of umbilicus
smooth with a single revolving line and crossed by transverse
ribs. Heightof type l0,diameter 10mm"(Olsson, l9l4:47-
48). Tnne l, Shackleford, Va.

S. shacHefordensrs has four ribs on the body whorl
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rather than the three ribs of the new species, S. alssoni.
S ubfamily Calliostomatinae

Genus C alliostoma Swainson, 1840
"The shells are either flat-sided or with rounded whorls,
mostly with fine beading and color markings. The base may
have a slight umbilical depression; rarely is it deep. The
aperture is round, with no folds or teeth on the columella"
(Keen, l97l:332).

The Yorktown fauna of Virginia and North Carolina is
unusually rich in Callistoma, with 30 nominate taxa from
which I recognize 19 species and subspecies. Contributing
to this diversity are two exceedingly variable stocks, the
C allio s toma mit c he lli (philant hro pus) sryies group and the
C . vir ginicwn species group, which contain over 66 7o of the
taxa. Various subgenera have been proposed within
Calliostoma,principally based upon radular and soft tissue
characteristics, hence the fossils are not subdivided.

-. 
C allio s toma armillus H. C. Lea, 1 843. From the fi gure,

this appears to be a member of the C . mitcftelli group, but the
type is lost and exact identity is uncertain. Hence this
becomes anonan dubium. See Appendix IL

227 . C all io s t ona b e ll um (Contad, 1 834) (S ynon ym: Tr o c hus
aratusH.C.l*,a, 1843). Shell ofmoderate size, conic, apical
angle 65 degrees; six whorls, each slightly consricrcdbelow
the suture; no umbilicus. Spiral sculpture of 7 to 9 beaded
threads on the whorls and another 7 to 9 on the base. The
uniformly prickly beading is diagnostic for this species.
7-one 2, Petersburg, Williamsburg, Smithfield and Suffolk.
Height of largest cotype (here illustrated) 11.38 mm; diam-
eter 11.27 mm.

228. Calliostoma sarae Campbell, new species. Shell of
moderate size; conic, apical angle 67 degrees. Spiral
sculpture as in C. bellum,butftner, with wider interspaces.
Beading also finer, moreabundant, andoval-rounded rather
than prickly. Interspaces on slopes and base crowded with
oblique axial threads connecting beads. Zone l,
Williamsburg. Type locality: Tutters Neck pond, James
City County justeast of Williamsburg, Virginia. Height 8.77
mm; diameter 8.55 mm.

Etymology: Named"princess" for its delicate sculpture
and in recognition of my wife, Sarah Lu Campbell for long
and patient support in the field, at the keyboard, and as an
editor.

_. Calliostona chcopsiGardner, 1948. Shell of moderale
size, conic, six whorls. Spiral sculpture of four heavily
beaded cords in the early whorls and a heavy, smooth cord
just above the suture on the body whorl. Base with seven
heavy spiral cords. Zone 2, Pitt County, North Carolina, not
yet found in Virginia. Height 1l.l mm; diameter 10.0 mm.
See Appendix I.

229. Calliostottu labroswn (Conrad, 1834) (Synonyms:
Trochus lens H. C. Lea, l8y'3;Delphinulatrochiform.SH. C.
Lea, 1843). Shell small, biconic, low; apical angle 98
degrees; deeply umbilicate; 5 to 6 whorls, nuclear whorls
smooth. Spiral sculpture of numerous fine grooves and one

sfiong groove above the suture to form aprominentkeel or
carina Basal sculpture of fine spiral threads and two sEong
cords at the umbilicus. Tnne 2, ubiquious. Height 7.3 mm ;
diameter 9.3 mm.

A very common small species easily recognizedby the
low, biconic form and peripheral keel. Marrin (1904)
incorrectly synonymized T. Iens with the St. Marys species
C. hwnilis (Conrad, 1830).

230. Calliostoma lapidosarn (Conrad, 1834) (Synonyms:
Trochru conus H. C. Lea, 1843, non Gmelin, 1789; Trochtts
subconus Orbigny, 1852; Zizyphinus punctatus Conrad,
1868, non Reiner, 1814, or Sowerby, l8l8; Calliosnma
suffolkense Olsson, 1916: Calliostoma conrdi Gardner,
1948). Shell fairly small, rounded; umbilicus narrow, deep;
apical angle8T degrees. Sculpture of 15 to 20 fine spiral lines
on the slopes and 20 or more on the base, coarsening at the
suture and umbilicus. Five to six convex whorls; suture
slightly impressed. Zone 2,Isle of Wight and Southampton
courlties, Petersburg, Williamsburg, Yorktown, I{ampton,
and Chuckatuck. Height 9.8 mm, diameter 11.9 mm.

This is one of the Yorkown species everyone likes to
name. lvlartin (19&t) incorrectly synonomized Zizyphinus
ptmctatus with the St. Marys species, Calliostoma distans
(Conrad, 1862). Figure 230a is H. C. Lea's type specimen
of Trochus conus. Zizyphinus arenosus Conrad, l863,based
on Emmons'(1858) Figure 168, may tre this species, but it
also resembles a young Tegula exoluta.

The Calliostoma mitchelli species group
Generally constant characteristics include the relatively

large size,lack of umbilicus, apical angle of 70 degrees or
lesi, three beaded lines on early whorls, with partial to
complete beading of the spiral sculpture on the entire slope,
no beading on the base, and an overhanging suture. Variable
raits include the number and strength of spiral threads on the
base and slopes; extent of beading; and absolute size at-
tained. Calliostoma mitchelli has page priority over
Calliostona philanthropus, the best known (and most
misidentified) member of the goup. The numerous, seem-
ingly distinct typological species contained within this
gloup are here treated as subspecies, but may be only local
phenotypes. Only one subspecies is typically found at any
given locality. Outside the study area, two additional forms
have been described: Calliostotru mitchelli eliminatwn
Dall, 1892, a low-spired form from the Duplin of North
Carolina; and Calliostoma mitclrclli pontoni Mansfield,
1930, a flat-sided form with weak sculpture from the Jackson
Bluff Formation of northwest Florida.

KEY TO TI{E YORKTOWN Calliostomamitchelli
SPECIES GROIJP

1 a apical angle less than CI degrees...... C. m. iolmsoni
b apical angle greater than 60 degrees........2

2 a maximum height exceeding 30 mm ........ C. m.
cowadianurn

b height less than 30 mm ..................... 3

3 a both peripheral cords beaded .......... C. m. mitclnlli
b peripheral beading on one cord or lacking .. 4

a a iveak basal sculpture C. m. philanthropus
b strongbasalsculpture C.m.basicurn
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231. C allio stoma mit chelli mitc helli (Cowfr, I 834). Shell
of moderate size, conic; apical angle 70 degrees. All major
spiral cords on whorl slope strongly beaded; base with seven
or eight stong, smooth spiral cords. Both peripheral carinae
beaded. Zone 2,Isle of Wight County and Chuckatuck.
Height 23 mm, diameter 23 mm.

232. Calliostoma mitchelli basicum Dall, 1892 (Possible
synonyms:Trochus torquatus H. C. Lea, 1843 nomcn du-
biwn; T. ruffinii H. C. Lea, 1843 nomen dubium). Shell of
moderate size, conic; apical angle 69 degrees. Spiral
sculpture with finer and more numerous beads on the
primary cords than in C. m. mitchelli; secondary spirals
weakly beaded or smooth. Upperperipheral carina beaded,
lower carina smooth. Base with weak to strong cords . Tnne
2, Isle of Wightcounty, Petersburg, Yoktown, Williamsburg,
Ilampton, Chesapeake and Chuckatuck. Height 15.4 mm;
diameter 14.5 mm.

Torchus torquatus H. C. Lea is a juvenile shell with
characteristic basal sculpture, but the dorsal surface is
heavily abraded and nondiagnostic. T. ruffinii H. C. Lea, a
fragment of a larger shell, lacks the apex and body whorls.
The supposed alternate beaded and smooth spirals are more
apparent in Gardner's retouched photograph (1948: pl.26,
fig. 18) than in the type. Although probably an earlier
designation for this subspecies,T. rtffinii should be consid-
ered a dubious namebecause the type lacks basal sculpture
and other diagnostic features.

233. Calliostoma mitchelli conradianunr Dall, I 892. Shell
very large for genus, conic, thin; apical angle 70 degrees.
Sculpture as in C. m. philanthropus. This taxon differs from
other members of the group in its gigantic size. In his original
description Dall postulated this form to be a deep water
ecomorph, paralleling a size trend shown by certain Recent
species. If this size explanation is correct, Dall's presumed
Petersburg (nearshore) locality is unlikely. Tnne 2,Hamp-
ton at Rice's Pit, and Chesapeake. Height 43 mm, diameter
44 mm.

234. C allb storru mitclrclli johnsoni Campbell, new subspe-
cies. Shell ofmoderate size, conic; apical angle 56 degrees.
No umbilicus. Two smooth nuclear whorls; fivepostnuclear
whorls, slopes with three heavily beaded spiral cords per
whorl. Body whorl with two additional beaded secondary
spiral threads, one just below the subsutural cord and one
below the major peripheral cord. Major peripheral cord
faintly grooved. Base with six strong, narrow, smooth cords
and wide intenpaces. Zone 1, Williamsburg. Type locality:
Tutters Neck Pond spillway, just east of Williamsburg,
James City County, Virginia. Height 12 mm, diameter I1.4
mm.

C . m. jo hnsoni differs from other members of this group
in its more acute apical angle, reduced number of basal
cords, and corse beading.

Etymology: namedinrecognitionofGeraldH. Johnson's
contribution to Virginia Coastal Plain studies.

235. C allbstoma mit c lwlli philanthropns (Conrad, I 834).
Shell ofmoderate size, conic; apical angle 74 degrees. Slope
sculpture of finely beaded, thin spiral threads, 8 on body

whorl, with wide interspaces. Subsutural thread coanser and
more sftongly beaded. Basal sculpture of 12 fo 14 very low
spiral lines and threads. Tnne2,Wilhamsburg, Smithfield,
Chuckatuck, Yorktown and Hampton. Height 19 mm,
diameter 19 mm.

236. Callbstonn nottowayense Gardner, 1948. Shell
medium to small; conic, apical angle 82 degrees. Suture
constricted, well-impressed; 6 rounded whorls. Sculpture of
about 12 strong, flattened, unbeaded cords on slopes and
numerous finerbasal threads. Zone 2, Southampton County
and Chesapeake. Height 9.3 mm, diameler ll.l mm.
Gardner (19a8:186) compared this species with C. hanisii
Ddl, 1892 which has much finer sculpture and lacks the
constricted suture.

237 . Calliostorna slacHefordensrs Olsson, 19 16 (Synonym:
C. (Eutrochus) shackzlfurdensis Olsson, 19 16 ltypographi-
cal enorl). "Shell of modera0e size, depressed, with flat
upper whorls, a conic spire and flacened base; periphery
with 2 prominent carinae, grooved between; umbilicus
small; whorls about 5, the lst probably smooth, the 2nd and
3rd with 3,4 or5 raised, subequal spirals; on the laterwhorls,
the spirals become lowandiregular, and assumetheappear-
ance of impressed lines; on the4th whorl, these spiral lines
are crowded close to the surture (sic) and to the periphery,
and with a smooth area between; on the last whorl, the whole
space is covered with fine, even spirals; suture deep, exca-
vated, the whorls coiling on the lower carin4 the suture is
bordered ih front by a raised line which is either smooth or
beaded; on the last whorl, this sutural line is made up of 3
spirals, similar0o those covering therestofthe surfaceof the
whorls; base flarened with impressed spirals, small and
regular on the area bordering the periphery, few, coarse and
groove-like around the umbilicus; mouth subovate. Greater
diameter 9, height 7 mm.

"This species may be compared with C. cyclus Dall,
which it resembles in shape and general characters, but it
differs from that species in its manner of coiling. In C.
cyclus, the sutures are closely appressed, the coiling being
along the lower carina, thereby producing a deep, excavated
suture. Miocene: Shackleford, Virginia" (Olsson, 1916:
r40-141).

This species has notben reported by subsequent work-
ers. The old marl pit, probably the source of Olsson's
material, has Zone I spoil inclading C he sape ctenj effer soniw
(Say, l8Z). However, pre-Yorklown strata are also found
nearby. Zane l,Shackleford.

Callbstona vir ginicwn SPECIBS GROUP
A number of morphotypes appear more or less related

n C . vir giniczrn. These rare shells invite typological rather
than population analysis. Constant traits are hard to find, but
apical angles of 80 to 85 degrees and small size (maximum
diameter l0 to 12 mm) are characteristic. Typically the
periphery is grooved between two lines or carinae and the
sculpture is beaded, but exceptions exist. Ivlansfield (1930)
compared tlre westFlorida Pl iocene C. alurninunDall, L892,
with this grcup, but I have reservations about such place-
ment. Parodiz (1977:101) erected a new subgenus,
Tropidotrocw, with C. virginicum as the type.
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KEY TO TI{E YORK'TOWN C. virginicwn
SPECIES GROUP

I a Periphery ungrooved, spiral sculpture very fine .

...C.v.hanisii
b Peripherygrooved .... 2

2 a Somespiralthreadsbeaded ...... 5
b Nospiral threads beaded ....... 3

3 a Peripheral carinae weak. ... . C. v. gizehi
b Peripheral carinae strong . .. , .. 4

4 a Spirals below subsutural cord fine !o very fine . .
. . . C. v. virginicurn

b 2 srong spiral cords below subsutural cord . . . .

" r,rong *p;i ;;;d.: ;?*' iff3i"ffi'i:,,
. . . C. v. hurisianurn

5 a Only one subsutural cord beaded . C. v. jeffersoniw
b 2 or more subsunrral cords beaded .C . v. lwrtfordensis

238. Calliostoma virginicum virginicnn (Conrad, 1873)
(Synonym: Calliostoma (Tropidotochus) jayae Parodiz,
1977). Shell small, conic; apical angle 80 degrees. Whorls
flatbetween carinae. Slope sculpture of fine to coa$e spiral
lines with a subsutural carina. At periphery, a prominent
double carinae is separated by deep channel. Basal sculphrre
of sfrong, commonly paired, spiral cords; no umbilicus.
Dall's 1892 figured Yorktown specimen had an unusually
acute irngle (72 degrees), or was misdrawn. Tnne 2,
Chuckatuck, Williamsburg and Hampton. Height 13 mm;
diameter 13.5 mm.

Parodiz ( 1977) erected anew subgenus Tropidotrochus,
for C. vir ginicurn. and. added a species, C. j ayae. However
this Rice's pit specimen appears 0o be only a coarsely
sculptured variation.

238b. Calliostoma vir ginicum carolinensr,s Gardner, 1948.
Shell size small, conic; apical angle 85 degrees. Peripheral
carinae separated by prominent channel. Slope sculptured
by asrongsubsuturalcordabove2 equally srong, equisprced
spiral cords with smooth inierspaces. 7 to 8 flat, heavy spiral
cords onbase. No umbilicas. 7-one2,Martin County,NC.
Height 9.8 mm; diameter 11.2 mm. See Appendix I.

239. Calliostoma virginicum gizehiGardner, 1948. Shell of
moderate size, conic; apical angle 83 degrees. Dorsal
sculpture of 10 to 12 fine to obsolete spiral lines slightly
stronger just below suture and at periphery. Very shallow
peripheral channel. Numerous spiral basal threads, coarser
near umbilical depression. Tnne 2, Yorktown and Chesa-
peake. Height9.2 mm, diameter 10.5 mm.

240. Calliostoma virginicwn lnrrisianum Olsson 1916.
"Shell of usual size, conic, with sraight-sided whorls, and a
narrow grooved periphery; base flattened or only slightly
convex; whorls 5, separated by deep, excavated sutures;
upper surface of whorls with 2 heavy, raised spirals, one
bordering the suture, the other at the periphery; the space
between these 2 primary spirals may be granulated or
smooth, andthe peripheral cdrina is frequently double; base
flattened, imperforate, and strongly sculpnrred with 6 or 7
smoothish spirals which are wider ttran their interspaces;
mouth subovate, oblique. Greater diameter 7.5 mm; height

5.5 mm.
"A well-marked species known at present only from

Kingmills (sic). Related ta C. virginiann. Yorktown
formation; Kingmills (sic), Virginia" (Olsson, 19 16: 139).

This form has not been recovered by subsequent work-
ers. The shell differs from C. v. carolinensis in having 3
rather than 2 strong cords between tlrc subsutural and
peripheral carinae. Znng l,Kingsmill, James City County.

V|l. Calliostona vir ginicurn hanisii Dall, 1892. Shell of
moderate size, conic; apical angle 82 degrees; no umbilicus.
Periphery ungrooved, angular. Dorsal sculptureof very fine,
qpiral lines; base with very fine spiral lines coarsening near
umbilical pit. Tnne l, Bellefield, York County. Height 10.4
mm, diameter 11.6 mm.

241c. Calliostonu vir ginicutn lrcrtfordense Gardner, 1948.
Shell faidy small, conic; apical angle 85 degrees. Peripheral
carinae smoottr; very shallow peripherat groove; dorsal
sculpture of 5 spiral threads, outermost being more promi-
nent andbeaded. 8 basal spiral cords. Not yetreported from
Virginia. 7,one I?, Murfreesboro, Hertford County, NC.
Height 7.3 mm, diameter 8.8 mm.

242. C alliostorna virginicum jeffersonium Campbell, new
subspecies. Shell small, conic; apical angle 84 degrees. non-
umbilicate. Dorsal sculpture variable; subsutural spiral
thread prominent, with weak beading; remaining spiral
sculpture smooth. Twin peripheral carinaemoderate !o very
prominent, separated by a deep, narrow to broad groove or
channel. 6 so l0 secondary spiral lines and threads betrreen
subsutural thread and upper carina. Base flattened, with a
deep groove marking limit of lower peripheral carinae;
srong spiral subperipheral cord formed by I to 3 coalesced
threads; 2 additional cords mark umbilical area; intervening
basal sculpture of fine, commonly parred, spiral lines.

Etymology: the subspecific name alludes to the associa-
tion of tlris form with Clrcsapecten jefferso,nizs (Say), a
common index species to Zone I faunas. Zone l,
Williamsburg. Type locality: spillway of Tutters Neck
pond, just east of Williamsburg, James City County, Vir-
ginia. Height (incomplete) 7 mm, diameter 9 mm.

Genus Tegula Lesson, 1835
"Shells medium-sized, variously colored, globose to conic
in form, and smooth to strongly ribbed, always with a tooth
at the base of the columella" (Keen, 1971:335).

Subgenus Ag athistotra Olsson and llarbison, I 953
"Small !o medium-sized shells, with spiral sculpture, open
umbilicus, base of columellawith one tothreedenticles, the
largest at the termination of a strong spiral cord bordering or
passing into the umbilical cavity" (Keen, l97l:337).

243. Te gula exaluta (Conrad, I 843) (Synonyms: Troc kn
exalutus Conrad, 1843; possibly Monodonta kiawahewis
Tuomey and Holmes, 1856; Trochtu sp. Emmons, 1858;
M onilia exalwaConrad, 1863 ; ? Turbo lrcl ic iformisHeilpin,
1886; Chlorostonw (Omplwlius) exoleturn Dall, 1892 (un-
necessary emmendation);? Chlorostoma (Omphalias\
exoletwn limatulum Dall, 1892; C hloro stoma (Onp lwlitx)
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exolutwn (Conrad) Gardner, 1947). Shell of medium size,
trochoid, domed; whorls well-rounded. Umbilicus nanow,
very deep. Sculpture of numerous low spiral lines with wider
interspaces. Aperture round, with a strong denticle at the
base of the inner lip. 7nne2, CLamaed at Williamsburg.
Height 12 mm, diameter 13.5 mm.

Some Pinecrest Tegula exoluta from south Florida
preserve a color pattern with numerous spiral lines of dark
brown dashes superimposed on a light brown shell with
narrow, white, radiating flammules.

Tegula helicifurmis and ?. exoletum limatulurn Dall,
1892 areboth late Oligocene to early Miocene taxasynony-
mized with L exolutabyDall,lSg2. Comparisons with type
material have not been made, but the time gap between the
older taxa and the Pliocene T. emlutamake the synonymies
somewhat doubtful.

Subfamily Gibbulinae

Genus Gibbula Risso, 1826
Small, often brightly colored, turbinate shells with variable
sculpture; aperture nrcreous within.

244. Gibbula rustica (H. C. Lea, 1 843) (Synonyms: ?Turbo
cdpercttus Conrad, 1834; Gibbula americana Dall, 1892;
Gibbula unericana yorldownensl's Gardner, 1948). Shell
very small, turbinate, nacreous; suture finely channeled.
Whorls rounded, 4 to 6. Umbilicus narrow, deep,
unsculptured. Body whorl with dorsal and basal sculpture of
I 5 to 20 strong spiral cords with I to 3 narrower spiral threads
in each interspace. Radial sculpture of very fine, oblique
lines which may become obsolete on coarser spuals. Zone
2, Petersburg, Yorktown, Hampton, Chuckatuck and
Smithfield. Height 4.5 mm; diameter 4.7 mm.

Family Skeneidae

Genus Skenea Fleming, 1825
Minute planorbid to naticoid shells with a smooth dorsal
surface. Base smoothorsculptured. Umbilicus niurow, very
deep.

245. Slcenea lwnisi (Olsson, 1916) (Synonym: Cithna
pilsDry Richards, 1947). Shell minute, naticoid; 2 to 3 well-
rounded whorls; suture distinct, impressed. Dorsal suface
smooth, orwith faintgrowth lines. Base with spiral grooves,
strong at umbilicus, becoming obsolete towards periphery;
basal spiral sculpture crossed by 15 to 20 r:.dially incised
lines. Aperture round, with internal opercular shield. Zone
2, Williamsburg, Smithfield, Hampton, Chuckatuck and
Chesapeake; probably ubiquitous. Height 1.0 mm, diameter
1.0 mm.

V46. Slrenea smithfieldensis (Olsson, 1916). Shell minute,
naticoid; 2 to 3 well-rounded whorls; suture distinct, im-
pressed. Dorsal surface smooth, orwith faintgrowth lines.
Base with spiral grooves becoming obsolete towards periph-
ery. Radial sculpture lacking. Aperture round, wi0r internal
shelf. Zone 2, Williamsburg, Smithfield, Hampton,
Chuckatuck and Chesapeake; probably ubiquitous. Height
0.75 mm, diameter 1.00 mm. This species is proportionally

lower ilran, and lacks ttre basal radial sculpture of S . harrisi.

24:7. Sluneayorktownensls Campbell, new species. Shell
minute, though large forgenus; naticoid; umbilicus narow
and very deep. Suture finely impressed. Three well-
rounded, smooth whorls. Surface with fine frosting visible
under high magnification. Outer shell layer rather friable,
especially around umbilicus. Dorsal and basal sculpture of
rather rough growth lines only. Aperture round, with
internal opercularshelf. Zone 2,Williamsburg, Chuckatuck,
and Chesapeake. Type locality: Deep Creek Pit, end of
Cookes MillRoad, 2 miles westof DeepCreek, Chesapeake,
Virginia.Hei ght 1.62 mm, diameter 1.64 mm.

Etymology: named for the Yorktown Formation.

Genus Leptoglro Bush, 1897
"Minu!e, deepsea, planorboid shells witlt rounded whorls,
round aperture and deep rounded umbilicus. Operculum
homy" (Abbott, 197 4257).

V47a. Leptogyra davidi Campbell, new species. Shell
minute, naticoid, exceedingly thin and fragile. Spire de'
pressed. Sculpture of exceedingly fine spiral sriations.
Aperture large, circular, entire. Umbilicus narow, very
deep. Zone 2, Chesapeake. Type locality: Deep Creek Pit,
end of Cookes Mill Road, 2 miles west of Deep Creek,
Chesapeake, Virginia. Diameter 1.34 mm.

Etymology: named for my son, David Campbell, a
frequent and skilled field companion.

Family Pelycidiidae

Genus Pelycidion Fisher' 1873
(Synonym: N annoteretispla Habe, 1961).
Minute, high spired, cylindrical shells with circular, project-

ing apertures.

V17b Pelycidion natthewi Campbell, new species. Shell
minute, elongate-pupoid, cylindrical, smooth. Whorls 5;
protoconch large, well-rounded. Suqrre well indented on
initial whorls, becoming progressively less so with contin-
ued gowth. Aperture circular, entire. Final half whorl
detached. Zone 2, Chesapeake. Type locality: Deep Creek
Pit, end of Cookes Mill Road, 2 miles west of Deep Creek,
Chesapeake, Virginia. Length 1.50 mm.

P. megalorwstomils (Olsson and McGinty, 1958), the

only described Recent Western Atlantic species is equally
small, buthas afaintsubsutural line, distinctly morerounded
whorls,andaless detachedbody whorl. Pelycidionmatthewi
has also been found in middle Pliocene deposis at the

Berkeley Quarry, Cross, SC.
Etymology: named in honor of Matthew Campbell, my

son and skilled field companion.
Another as yet undescribed species from the South

Carolina Duplin fauna shows faint spiral sculpture.
Family Liotiidae

GenusArerce H. and A. Adams, 1856
"Small to minute, with variegated color patterns; spiral cords

beaded or fluted ino short spines, umbilicus deep, the

umbilical wall with one ormore spiral cords; suture descend-
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ing in the last whorl,lip usually thickened. Inner surface of
the operculum with a glossy comeous layer, outer surface
concave, studded with beads in a radiating patiern, scanty
bristles at the outer edge" (Keen,197l:345'5.

248. Arene sp. Shell minute, turbinate, deply umbilicate.
Whorls tabulate. Sculpture of three spiral cords and crowded
axial threads, obsolete in juvenile shells. Zone 2, Chuckanrck
and Chesapeake. Diameter l.7l mm. This small form
recalls the Recent A. tricarinata (Stearns, 1872), but the
single Yorktown specimen is subadult, hence not assigned to
species.

248a. Arenc uomeyi Campbell, new species. Shell small,
trochoid, thin but solid. Spire depressed. Whorls 4 12,
suture vertically impressed. Periphery with three narow
keels crossed by numerous coars€ axial riblets. Diameter
9.21 mm. Tnne 2, Chesapeake. Type locality: Deep Creek
Pit, end of Cookes Mill Road, 2 miles west of Deep Creek,
Chesapeake, Virginia.

This species was at first confused with Trochus gemma
Tuomey and Holmes, 1856 (Synonym: Llo tia (Arene) najor
Gardner and Aldrich, 19 19). Trochus gervnais a Solariella
with sculpture convergent with Arene tuorneyi. However,
the former is higher spired, height and width being approxi-
mately equal. A. tuomeyi is more depressed. A. tuameyiis
also found in the Waccamaw beds at Calabash, NC.

Etymology: named for Michael Tuomey who supplied
Yorktown material to H. C.IJa.

Superfamily Littorinacea
Family Littorinidae

Genus Lfiortna f,'erussac, 1822
Shells medium-sized, solid, naticoid to elongate, smooth or
with spiralcords. Intertidal snails thatarerarelyencountered
in Yorkoown faunules.

249. Littorina irrorata (Say, 1822) (Synonyms: Littorina
carolinensis Conrad, 1862 t18631, L. lineata Emmons,
1858). Shell of medium size, heavy, conic; spire acute.
Nonumbilicate. Aperture circular. Sculpnrre of deeply
incised, even spiral lines.

Gardner (l%8: 192) recorded this common Recent
species from the Yorktown bluffs. This species has notbeen
subsequently found in Yorktown strata, but it is a common
Pleistocene fossil in the area. 7nne2, Yorktown. Recent
specimens reach a height of 22 mm.

Superfamily Rissoacea
Family Rissoidae
Subfamily Rissoinae

Gents Alvania Monterosato, 1884
Minute, trochoid rissoids with cancellate sculpture.

250 Alvanb lipeus @all, 1892). Shell minute,broad, conic.
Protoconch oftwo to three large, smooth whorls. Postnuclear
whorls sculpnred with four snong spiral cords crossed by
finer, widely spaced axial threads. Microsculpnrre of uni-
formly fine spiral lines in in[erspaces. Base with three !o four

spiral threads. Umbilicus a narlow, comma-shaped chink.
Aperture oval. Zone 2, Chuckatuck, Hampton and Chesa-
peake. Height 0.89 mm, diameter 0.69 mm.

Dall (1892: 339) recorded this species as also living in
the Bahamas, but I can find no o{her Recent reference, nor
does this sp-ecies appee conspecific with any otherRecent
species.

Genus Cingula Fleming, 182t
"Extremely small shells, conic-ovate; aperture round, peris-
tome complele; whorls moderately rounded. Smooth orwith
weak spiral sulpture. Nuclear whorls smooth. Umbilicus
slitlike" (Abbott, 1974: 7 4).

251. Cingula geraea (Dall, 1892) (Synonym: C. g. mircr
(Ddl, 1892)). Shell fairly small, elongate; aperture oval,
narrowing posteriorly. Five o six rounded whorls; suture
impressed. Umbilicus a nzurow chink. Sculpture of spiral
cords which coarsen on the base. Tnne 2, Chuckatuck.
Height 2.94 mm, diameter 1.54 mm.

252. Cingula sp. Shell minute, fragile, (immature?) Three
gentlyroundedwhorls. Surface smooth; basewith fine spiral
lines, very narrow interspaces. Umbilicus a very narow
chink. Aperture chipped, oval; outer lip thin. Zone 2,
Chuckatuck. Height 1.40 mm.

This unique specimen does not appear to be a juvenile
of C. geraea,but more malerial must be found before formal
description is feasible.

Genus RissoinaOrbigny, 1840
Slender, very small shells with weak to prominent axial
sculpture and, in some species, weak spiral sculpture. Ap-
erture large, oblique, spatulate; outer lip commonly flaring.

253. Ris soina sp., cf . R. striat o c o st at a Orbigny, I 842. Shell
very small, elongale, nonumbilicate. Three smooth nuclear
and five postnuclear rounded whorls. Suture impressed.
Axial sculpture of subequal narrow ribs with wide interqpaces;
ribs form at sunrre and rise a little above it. Spiral sculpnre
of fine lines which cross axial ribs, becoming stronger on
base. Aperture oval, narowing posteriorly to a constricted
posterior notch. Outer lip flaring, with prominent varix.
7nne2 Chuckatuck. Height 3.03 mm, diameter 1.09 mm.

Family Vitrinellidae
Subfamily Virinellinae

Genus Vitrinella C. B. Adams' 1852
Minute, flattened, discoidal shells; widely umbilicate; sur-
face smooth or with weak spiral sculpture; aperture oblique.

254. Vitrinella lipara (H. C. Lea, 1843) (Synonym: not
Vitrinella lipara l-ea of Martin, 1904). Shell minute,
flattened, discoidal, polished, smooth. Three to five whorls
tightly coiled; well-rounded periphery. Umbilicus wide,
exposing penultimate coiling. Zone 2, Petersburg,
Williamsburg, Yorktown, llampton, Chuckahrck and Chesa-
peake; Chowan River, Chesapeake. Diameter about 2 mm.
Resembles Cochliolipis virginica Pilsbry, 1953, a larger,
snail with a more open coil and a wider umbilicus. The shell
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figured by Martin (1904) from the Maryland Miocene is
apparently an undescribed species.

Genus Aorotrema Schwengel and McGinty, 1942
"With two strong keels; sculpture pitted; umbilicus present"
(Keen, I97l:379).

255. Aorotrema cistroniwn@all, 1889) (Synonym:A deorbis
sp. Emmons, 1858). Shell very small, nearly as high as
broad, tabulaoe, with very sniking form. Whorls three, high,
rapidly descending, with two very prominent spiral keels.
Apex covered with coarser, crowded spiral threads. Umbi-
licus wide, deep, funnel-shaped. This species can be mis-
taken for no other. Tnne2,Chuckatuck, very rare. Height
1.3 mm, diameter 2.5 mm.

Genus Circulus Jeffreys, 1865
"Shell small, thin, circular, depressed, with awide and deep
umbilicus. Nucleus transparent, smooth,2 whoils. Outer lip
not stepped forward at the top. Upper edge of outer lip
serrate. Sculptureof srong spiral threads" (Abbott,l97 4:83-
84). Radial sculpture obsolete or absent.

256. Circulus costulatus (H. C. Lea 1843). Shell small,
flattened, discoidal. Three to four whorls; well-rounded
periphery. Umbilicus wide, deep, showing the coilin g of two
earlier whorls. Sculpture of 20 to 25 even spiral threads
uniformly distributed over spire, periphery, base and umbili-
cal wall. Aperture an even circle. Zone 2, Petersburg,
Wllliamsburg, Yorktown, Hampton, ChuckatuckandChesa-
peake. Chowan River, Chesapeake. Height 1.63 mm,
diameter 3.36 mm.

C. costulatus is probably ancestral to C. lircrls (Verrill,
1882), a Pleistocene and Recent form with fewer, coarser
spiral threads on the spire, and a large smooth area on the
base.

Genus Cyclostremiscns Pilsbry and Olsson, 1945
"Lenticular, with several spiral keels and weaker axial ribs"
(Keen, 1971:379).

257. Cyclostremiscus obliquestiatus (H. C. Lea, 1843).
Shell minute, discoidal, flattened. Four whorls. Prominent
ventral peripheral keel. Umbilicus wide, exposing
penultimate whorl. Nuclear whorls smooth; postnuclear
whorls with srong radial undulations (18 on penultimate
whorl) on spire, periphery and base, becoming obsolete on
last half of body whorl. Dorsal and ventral peripheral area
with strong oblique spiral threads which converge on keel.
7-one l, Middlesex County and Williamsburg; Zone 2,
Petersburg, Williamsburg, Ilampton and Chuckatuck. Height
1.20 mm, diameter 2.52 mm.

Related forms include C. gre ensboroense (Mafiin, I 9Ot)
with finer sculpture from the lvtaryland Miocene, and C.
wdula (Dall, I 896) in which the radial undulations are fewer
and stronger. The latter is found in the Virginian Chowan
River fauna where some specimens seem to merge back
lowards its ancestral C. obliquestnctzs form.

258. Cyclostremiscus pseudaeorbis (Dall, 1892). 'Shell
small, solid, with four rounded whorls, a rather depressed

spire and generally Adeorbis-l*e form; whorls slightly
impressed in front ofdistinct suture, rounded at the periph-
ery; sculptrrre of numerous fine, sharp grooves with wider
rounded interspaces, tending to be feeble on the periphery
and more distant on the base near the umbilicus, but other-
wise rather uniform over the shell; these are crossed by fine,
incremental sEiae, giving a somewhat punctate aspect !o the
grooves; base flattish, moderately rounded, the umbilical
margin smooth, and evenly rounded over, umbilicus narrow,
deep, somewhat scalar; aperfire wider &an high, oblique,
the pillar-lip not differentiated, but thickened; the body with
a moderate callus connecting the lips" (Dall, 1892:417).
Znne2,very rare, Yorktown and Williamsburg. Height 2.5
mm, diameoer 5.0 mm.

259. Cyclostremiscus schmidti (Olsson, 1916) (Synonym:
Circuhx grnteri tvlansfield, 1930). Shell minute, very
depressed, discoidal, thin. Nuclearwhorls elevated,pointed;
postnuclear whorls flattened above and below. Umbilicus
wide. Sculpture of crowded, fine spiral lines; periphery
marked by strong keels at base and shoulder. Some speci-
mens may show a varix above the outer lip, or at a resting
stage. 7nne2, veryrare, Chuckatuck and Smithfield. Height
0.75 mm, diameter 1.75 mm.

2ffi. Cyclostrerniscus tndula Dall 1896. Shell minute,like
C. obliquestriatw (H. C. Lea, 1843), but with coarser
sculpture, especially the radial undulations. This form
appears descended from , and may be only a subspecies of C.
obliquestriatus. Chowan River, Chesapeake. Height 0.91
mm, diameoer 1.78 mm.

Genus Pamiturb,oi.dcs Pilsbry and McGinty, 1950
Minute, naticoid shells with numerous spiral lines or threads.
Axial sculpture weak or wanting.

?,51. Parviturboides sp. Shell minute, broadly turbinate,
thin, 3 U2 rather loosely coiled whorls. Umbilicus a very
narow chink. Sculpture of spiral threads over entire shell,
coarsening on basr-. 7nne2. Williamsburg, Chuckatuck and
Chesapeake. Height 0.65 mm, diameter 0.83 mm.

Genus Didiancma Woodring, 1928
Minute shell with a heavy ridge bordering umbilicus; oper-
cular shelf inside aperture.

262. Didianema carolinae Gardner, 1948. Shell minute,
solid, naticoid. Three smooth whorls. Aperture circular.
with internal opercular shelf. Umbilicus narrow, deep;
bordered by a heavy umbilical rige. Base with short radial
ribs along outer edge of ridge. Chowan River, Chesapeake.
Height 1.03 mm, diameter 1.15 mm. Didianema species
from the underlying Yorklown beds has a larger shell with
a ruurower umbilicus and without radial basal sculpture.

263. Didianema sp. Shell minute, solid, polished, smooth;
naticoid. Umbilicus narrow, bordered by a sturdy spiral
ridge. Three well-rounded whorls; suture vertically im-
pressed. Zone2,Williamsburg. Height 1,.43 mm, diameter
1.58 mm. This species is closest n D. carolinae Gardner,
1948, but that species is fifty percent smaller and has radial
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crinkling on the base.

Genus Solafiorbis Conrad, 1865
"Depressed, spirally sriate to smooth, umbilicus with a
spiral ridge ending in a lobe on inner lip" (Keen, I 97 1 : 382).

264. Solariorbis variabih,s (Olsson, 1914). "Shell small,
solid, rather depressed, but with a slightly pointed spire;
umbilicated; whorls 4, enlarging uniformly; periphery of
last whorl slightly angulatod; suture impressed; sculpture
variable, consisting of simple riblets, crossed by oblique,
spiral sriae, persistent; in some cases the riblets may also
continue over a larger portion of the later whorls than usual;
base of shell snongly sculptured, the riblets being here
persistent; in old shells a gerontic stage is introduced,
coming after a resting stage, and this is characterizrAby an
entire lack of sculpture; aperture rcunded or slightly oblique,
and with the edge bordering the umbilicus thickened; umbi-
licus deep, not bordered by a ridge or carina. Greater
diameler 2; height I mm.

"This species is characteriz*dby its variability. From
Teinostorna undula Dall and T. greensboroense, both now
Cyclostremiscrs, the species may be distinguished by its
lack of the carina which occurs on the periphery of those
shells. It is probable that H. C. I-ea's Delphinula obliquc-
striatabelongs to this genus. This last mentioned species has
the radiating ribs divided into 2 or 3 branches near the
periphery, with the umbilicus bordered by a slight, carinated
line. Yorktown formation: Yorktown, Virginia" (Olsson,
l9l4:4849). 7nne2, Yorktown and Peteriburg.

265. Solariorbis yadkine nsisCampbell, new species. Shell
minute, depressed. discoidal, solid. Two smooth nuclear
whorls and one and one-quarter sculptured postnuclear
whorls. Spire slightly domed; suture distinct, somewhat
impressed, borderedby a spiral ridge and subsutural groove.
Dorsal sculpture complex; about 35 strong radial ribs per
whorl arise at the suture and cross the inner one-thifd of the
upper whorl area before abruptly ending; interspaces narrow
with faint spiral grooves. Dorsal cenral portion of whorl
smooth with traces of exceedingly faint spiral lines. Basal
sculpture similarly patterned; periphery with incised spiral
lines. Umbilicus narrow, deep; with crowded radial ribs
extending over inner third of base. No other closely compa-
rable species is known. Rare in the Chowan River beds at
Chesapeake. Type locality: Deep Creek Pit, end of Cookes
Mill Road, 2 miles west of Deep Creek, Chesapeake, Vir-
ginia, in the upper, or Arudara biofaces. Height 0.68 mm,
diameter 1.29 mm.

Subfamily Teinostomatinae

Genus Teinostoma A. Adams, 1851
Shell minute, solid, smooth, polished; discoidal, domed, or
rarely naticoid in form. Body whorl may partially or
completely overlap spire. Keel pfesent in some species.
Umbilicus present in juvenile stages, filled with callus in
adult forms. Weak spiral and peripheral axial sculpnrre
rarely present.

266. Te inostoma alemndcri (Olsson, I 9 l4). "Shell small,

solid, porcellaneous; spire low and rounded; whorls 3 , the 1 st
turn small. the others much larger; suture distinct between
later whorls, indistinct between the earlier, generally with an
impressed area in front; surface smooth, polished with fine
incremental growth lines; mouth round, with a heavy cal-
loused columella, behind which is a small umbilical chink;
the umbilicus is faintly outlined by a small spiral line.
Greater diameter 2.25,height 1.50 mm.

"This species is related to the recent shells, placed by Dall
in the genus Etlnlia,nanely reclusa, suppressaand solida,
all ofDall, and in order to associate theMiocene specieswith
those shells, I am referring it 0o the genus Etlaliarather thm
taTebwstorna. These two genera have long been incorrectly
used judging from their respective types.

"Named for C. P. Alexander of the 2nd Ecphora trip.
"Duplin formation; Natural Well, N.C. Yorktown forma-

tion; James River, north of Smithfield, Virginia" (Olsson,
r9r4:r42-3).

Gardner's figure (1948:pl. 25, figs. 124\ ofT. alexanderi
from Waccamaw shaa differs in form from Olsson's Duplin
type, partly due to different inclinations of the illustrated
qpecimens. Olsson's taxon hasa t$ulate spire, butGardner's
shell is domed. The Waccamaw form is also found in the
Chowan River beds in Chesapeake. This younger form may
be a separate species, but more specimens are needed for
comparison. 7-one 2,Smithfield and Chesapeake; Chowan
River, Chesapeake.

267,Teinosnrru bwhi (Olsson, 1916) (Synonym: ?. smibon
Gardner, 1948; ?7. vortex Ddl, 1892). Shell minute, ex-
tremely compressed discoidal, polished. 3 l2 whorls;
distinct suture vertically impressed. Umbilical callus thin,
oflen showing a central pit. Sides and base with numerous
(50-60) oblique, low, radial ribs.

The unique type of T. vortex, which Dall described as

crushedbefore it couldbe figured, cannot now be identified
with certainty and should be considered a nornen dfiiwn.
Olsson's figure is inadequate, but his description well marches
that of Gardner's T. smilaon. 7nne2, Williamsburg and
Chuckatuck. Diameter l.72mm.

268. Teinostona goniogyrus Pilsbry and McGinty,1945
(Synonym: R otella carinataE. C.Lea, 1843 nonR. c arinata
Orbigny, 1842). Shell very small, solid, smooth, polished.
Spire domed. Suture forming an open spiral, subsutural line
very close 0o suture. Prominent peripheral keel. Base low,
with heavy umbilical callus. Zane 2, Petersburg,
Williamsburg, Chuckatuck, Hampton, Chesapeake,
Smithfield and S uffolk. Height 0.68 mm, diameter 1.55 mm.

269. Teinostonu beaufortensis Ward and Blackwelder,
1987. Shell small, smooth, polished, solid. 3 12 whorls;
earlier whorls flattened, body whorl rapidly descending,
with a distinct angle at the change of slope. Suture distinct,
not imp€ssed. Periphery well-rounded. Aperture round,
oblique. Base with heavy umbilical callus. This form may
be identical with the Recent Teinostonumegastoma(C.8.
Adams, 1850). Tane 2, Chuckatuck. Height 1.8 mm,
diameter 2.4mm.

270. Teinostoma lenticlare (H. C. Lea, 1843). Shell very
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small, solid, polished. Spire domed. Suture forms an open
spiral. Peripheralkeel very low. Tnne2,ubiquitous. Height
1.1 mm, diameter 1.8 mm.

T. lenticlarehas more tightly coiled whorls, proportion-
ally higher shell, and weaker keel than T.gonbgyrus.

2Tl.Teinostomn nana ([. Lea, 1833) (Synonym: Rotella
tutnbilicataH. C. Leaof lUartin 1904, notof H. C. Lea, 1843).
Shell minule, smooth, solid, polished. 3 to 3 12 whorls well-
rounded dorsally. Spire tabulate; suture is an open spiral;
subsutural line faint or lacking. Periphery rounded, no keel.
Base with small umbilical plag. 7-one l, Middlesex County;
7nne2, Chuckatuck, Smithfield and Chesapeake. Height
0.54 mm, diameter 0.90 mm.

This smallest of York0own Teinostomas can be recog-
nized by its lack of a keel and by its faintly tabulate spire.

2T2.Teinostoma sthconica (H. C. Lea, 1843). Shell very
small, naticoid; smooth, polished. Spire elevated; sunrre
slightly impressed. 3 whorls. Umbilicus covered by flaring
inner lip; umbilical ridge lacking. The covered umbilicus
separates this form from S/cenec md Didianema species.
Tnne 2, Petersburg, Chuckatuck and Chesapeake. Height
1.19 mm, diameter 1.17 mm.

273. Teinostora urnbilicata (It. C.Lea, 1843) (Synonym:
T. cryptospira Verrill, f884). Shell very small, smooth,
discoidal, polished. Spire low, domed; body whorl nearly or
completely overlapping spire so that suhrre is reduced to an
exceedingly tight spiral or to a single curved line. Periphery
well-rounded. Base with large umbilical callus. 7nne2,
Petersburg, Williamsburg, Ilampton, Chuckatuck, Smithfi eld
and Chesapeake. Height 1.31 mm, diameter 2.21 mm.

Pilsbry (1953:4 16) noted that the Yorktown and Recent
species probably represented a single taxon.

274. Teinostoma virginica Campbell, new species. Shell
very small, smooth, polished. 3 l2 whorls. Spire very
depressed, nearly flat; body whorl rapidly enlarging, par-
tially overlapping earlier whorls. Suture a tight spiral;
subsutural area concave, depressed. Periphery rounded.
Base smooth, flattened; umbilical plug depresed. Aperture
oblique, circular. This species is unusualy large and de-
pressedfor the genus. Zone2,Williamsburg. Type locality:
sream cut behind Carey Field, William and Mary campus.
Height0.78 mm, diameter 2.l2mm.

Etymology: named for the state of Virginia.

Genus Macromplwlizc Cossman, 1888
"Small, apex smooth, pointed, set at an angle to later whorls,
usually brown in color; body whorl rapidly enlarging"
(Keen, 19712454).

275. Macromphaliraaperta(H. C. Lea, 1843) (Synonym:
Macromplalina sp. Gardner, 1948). Shell minute, thin,
fragile. Three whorls rapidly increasing in size. Spire
tabulate; suture impressed. Aperture very large, oblique.
Umbilicus wide, deep, funnel-shaped. Sculpture of even,
finely incised spiral lines over entire shell; rather codse
radial growth lines on base. 7-ane 2,Petersburg, Chuckatuck
and Smithfield. Height 1.28 mm, diameter 1.57 mm.

276. Macromplalina chuclatuctensir Campbell, new spe-
cies. Shell very small, thin, smooth, fragile. Two and a half
very rapidly expanding whorls; nuclear whorl elevated,
forming a pointed apex; postnuclear whorls low, domed;
suture slightly impressed. Umbilicus large, deep, funnel-
shaped. Aperture very large, oblique, fractured in the only
specimen. Sculpture of radial growth lines only. No other
Neogene Macromplwlinc combines such large size with a
lack of sculpture . 7nne2 ,Chuckatuck. Type locality: upper
bed, westwall of former lone Star Industries pit, Chuckatuck,
Virginia. Height2.l2 mm, diameter4.20 mm.

Etymology: named for the village of Chuckatuck.

Genus Cochliolepts Stimpson, 1858
Shell small to minute, very depressed, discoidal. Whorls
radidly expanding; body whorl partially orcompletely cov-
ering spire. Aperture oblique, large. Widely umbilicate.
Surface smooth and polished, or with axial growth lines or
spiral lines and threads.

277. Cochliolepis concava (H. C. Lea, 1843) (Synonyms:
Delphianla arenosa Conrad, 1846; Trochw delphinuloidcs
d'Orbigny, 1852). Shell small, thin, exceedingly depressed.
Four to 4 lp rapidly expanding whorls. Periphery rounded.
Umbilicus very wide. Sculpture of growth lines and races
of very fine spiral lines. Tnne2,Petersburg, Williamsburg,
Ilampton and Chuckatuck. Height 2 mm, diameter 5 mm.

278. Cochliolepis striata Dall, 1889. Shell small, thin,
exceedingly depressed. Four m 4 12 whorls; body whorl
rapidly expanding, overlapping much of spire. Sculpture of
numerous spiral tlneads which coarsen near suture. Chowan
River, Chesapeake. Height2.8 mm, diameter (fragmenQ 3.6
mm. Known in Virginia from ttris single broken specimen.

2t 9. C o c hliole pi s vir gini cc Pilsbry, I 953. S hell small, thin,
exceedingly depressed. Smooth, polished; 3 l2 whorls.
Periphery round; umbilicus wide. Aperture large, very
oblique. Znne2,Petstsburg and Chuckatuck. Height 2 mm,
diameler 4.5 mm.

C,virginicahas amore strongly otlique apenure and is
larger overallthanVitrinella lipara, It is smaller, smootlier
and more tightly coiled than C. conca,a.

Superfamily Tunitellacea
Family Caecidae

Genus Caecun Fleming' 1813
Minule shells. Spiral nuclear whorls planorboid, shed with
growth as the shell uncoils !o form a curved cylinder.
Posterior end plugged with an apical plug which may be
evenly rounded or with a small peg-like projection, the
mucro. Onogeny in this group of common meiofaunal
gasropods is unusual. The coiled, planorboid protoconch is
very commonly encounlered while sorting foraminifera and
ostracodes. Postnuclear stages are uncoiled, forming a
gently curved tube. Four morphologic growth stages may be
recognized:

I coiled, planorboid protoconch, about 0.2 mm in
diameter;

2 very narow tube, occasionally with prooconch
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auached; adult sculpture poorly developed;
3 subadult; tube often stongly curved or apering;

protoconch and early postnuclear tube broken off remaining
tube; septum sometimes with a projection (mucro); adult
sculpture and proportion becoming recognizable;

4 fully adult; tube diameter expanded, nearly uniform;
sculpture characteristic; aperture may or may not be modi-
fied by thickening, constriction, or change in sculpture,
depending upon the species.

Stages I and 2 are nearly impossible to identify specifi-
cally, and some caution must be used with stage 3. Only the
adult stage can be identified with any confidence.

KEY TO VIRGIMA YORKTOWN Caecurn
la. Shell smooth .. .. . .2
b. Shell sculptured ....4

2a. Septum rounded, mucro absent or very weak . C.
johnsoni

b. Septum depressed, mucro easily visible . . . . . 3
3a. Shell small (3.5 mm long), mucro small. . C.flemingi
b. Shell large (5.7 mm long), mucro large . . C. vir ginianwn
4a. Sculptureofannulationsonly.. .. ..... 5
b. Sculpture of strong longitudinal ribs . . . . . 6

5a. Annulations n:urow, with slightly wider, rather
deep interspaces; aperture constricted . . C. pulchellum

b. Annulations broad, with very shallow, narrow
interspaces; aperture not constric0ed . . . C.
chuckatuckensis

6a. Longitudinal sculpture obliquely spiraling
around tube.. ..C.tortile

b. Longitudinal sculpture parallels shell outline . 7
7a. 12 to 15 strong even ribs, wide interspaces.C. cooperi
b. 30 to 40 ribs alternating in strength; narow

interspaces ....C.stevensoni

Subgenus Caecums.s.
(Synonym: Micranellum Bartsch, 1920)
Small, well-curved cylinder with moderate !o well-devel-
oped annulations.

280. Caecwn chuclatuckznsrs Campbell, new species.

@ossible synonym: Caecum sp. aff. C.regulare Carpenter
of Mitchell-Tapping, 1978). Shell small, cylindrical, gently
curved. Aperture not constricted or marked by change in
sculpture. Septum rounded, with small, blunt macro. Sculp-
ture of broad, even axial rings with very shallow, narrow
interpaces. No longitudinal sculpture present. 7-one 2,
Panopeabed, Chuckatuck. Type locality: upperbed, west
wall, formerlone Sar Industries pit, Chuckatuck, Virginia.
Length 3.95 mm, diameter 0.86 mm.

C. heladumOlsson and llarbison, 1953, mostresembles
this new species, but that taxon has adult apernrral thicken-
ing, weak longitudinal striations, and a smaller mucro.

281. Caecutn pulchellum Stimpson, l85l (Synonyms: C.
annulatwn (hmons, I 858); C. c o nj unc umFolin, I 867 ; C.
curtaturn Folin, 1867; C. &n Folin, 1871; C. capitanurn
Folin, 1874). Shell very small, cylindrical, gently curved.
Aperture constricted. Septum low with small mucro. Sculp-
twe of narrow, even axial rings; interspaces deep, as wide as

rings; longitudinal sculpture lacking. Chowan River beds,

Chesapeake. Length 2.16 mm, diameter 0.74 mm.

Subgenus EIe phantulum Carpenter' 1857
(Synonym: Elephantanellum Butsch, 1920; not

Eleplnntulus Thomas and Schwann, 1906, Mammalia,
ldacroscelidea, African elephant shrews). Comparatively
large caecids with dominant longitudinal sculpture of raised
ribs. Juvenile shells commonly with cancellate sculpture.

282. C ae c urn co ope r i S. S mith, I 862. S hell small, cylindri-
cal, gently curved. Aperture not constricted. Septum neady
flat, with strongly projecting macro. Dominant longitudinal
sculpture of 12 to 15 widely spaced ribs, and exceedingly
fine striae in interspaces. Axial sculpture of incised lines
which may be stronger at aperture. Juvenile sculpture evenly
cancella0e. 7-one2,ubiquitous. Length 3.91 mm, diameter
0.79 mm.

283. Caecwn stevensoniMeyer, 1888. Shell small, cylindri-
cal, gently curved. Aperture not constricted; marked by 2 or
3 incised axial lines. Remaining axial sculpture of growth
lines only. Lrngitudinal sculpture of 30 to 40 ribs which
alternate in sfength; interspaces narow. Septum flat, with
short, pointed mucro. Tnne 2, Yorktown and Suffolk;
Chowan River, Chesapeake. Length 4.30 mm, diameter
0.90 mm.

284. Caecwn tortile Dall, 1892. Shell small, cylindrical,
gently curved. Apertwe not constricied or marked by
change in sculpture. Septum flat, with short, pointed macro.
Longitudinal ribs flat, obliquely spiraling. Axial sculpture of
growth lines only. 7-one2,Chuckatuck. Length 3.34 mm,
diameter 0.86 mm.'

Su@enus Brochina Gray' 1857
Small, smooth or very weakly sculptured shells. Fartulurn
Carpenter, 1857, differs in having a heavy periostracum, a
feahrre lost during fossilization. Hence this assignment is
arbirary.

285. Caecwn flemingi Gardner and Aldrich, 1919 (Syn-
onym: C. virginianum Meyer of Gardner, 1948, not of
Meyer, 1888). Shell very small, cylindrical, gently curved,
smooth. Aperture slightly constricted in adult. Septum low,
flat, with small, pointed mucro. Tnne 2, Williamsburg,
Ilampton, Chuckatuck and Chesapeake; Chowan River,
Chesapeake. Length 2.48 mm, diameter 0.58 mm.

286. Caecum johnsoni Winkley, 1901 (Synonyms: C.
putnamensis Mansfield, 1924; ?C. glabrwt Monagu of
Meyer, 1888, andof Gardner, 1948, notof Monagu, 1808).
Shell very small, cylindrical, gently curved, smooth. Aper-
ture not constricted. Septum round, with no mucro. Zone l,
Middlesex County; Tnne 2, ubiqui0ous; Chowan River,
Chesapeake. Length 1.81 mm, diameter 0.48 mm.

The differences between C .io hnsoni and C. glabrwnarc
based on non-preservable soft tissues (Donald Moore, 1976,
personal communication) so fossil designation is arbirary.
C. beaufortensrs Ward and Blackwelder, 1987, may be a
synonym, butat3.3 mm in lenglh, it is significantly larger.
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287. Caecum virginiannn Meyer, 1888. Shell large for
genus, cylindrical, gently curved. Aperture not constricted.
Shell smooth save for axial growth lines and irregularities.
Septum flat, with very large, pointed mucro. Tnne 2,
Yorktown, Chuckatuck and Chesapeake. This largest of
Yorktown caecums is ratherrare. Length 5.65 mm, diameter
1.21mm.

Family Turritellidae

Genus Turritella Lamarck, 1799
"Tightly coiled shells...among the most slender-spired of the
gastropods. The shells are somewhat variable--even within
the course of growth of one individual--in the expression of
spiral ribs. Axial sculpture is weak. The aperture is round
and is closed by a remarkable operculum...so flexible it may
be withdrawn well within the shell...these are gregarious
mollusks, tending to form largecolonies" (Keen, l97l:391).
True Turritella (Turritella) is a very large shell with very
rounded whorls, deep sutures, and uniform spiral sculpture.

Subgenus Torcula Gray, 1847
Straight-sided Turitellas with uneven spiral sculpture.

288. Turritella alticostara Conrad, 1834 (Synonyms: ?.
alticostata Comad, 1834, in pa$; f. quadrastiata Rogers
and Rogers, 1837; T. terebriformis Dall, 1892, in part pl.
LVII fig. 2 only; T. alticostata Conrad of Mansfield , 1944;
T. altico sta Conrad of Rich ards, 1947 : T. altico s tata Conrad
Gardner, 1948, pl. 27, frg. L7). Shell of medium size,
elongate, tapered. Sculpture somewhat variable, of spiral
ttneads and cords-the two largest cords, found immediately
above and below the suture, are equal or subequal (if
subequal the lower cord is sEonger). Intervening sculpture
of threads of various snength. Adult whorls may also add a
thread or low cord just above suture. Sutue broadly
indented; unequal, lower above suture. Nuclear whorls
somewhat constricted and nuclear sutures moderately con-
stricted; protoconch small, with a thread between keel and
basal suture; adult sculpture incipient on fourth whorl.
Variable but rather n.urrow spire angle for first l0 to 15 mm
of growth. Subsequent whorls expand more rapidly, so that
juvenile shell has distinctly narower outline than adult.
Adult wittr brooded young reported from Rices Pit (Anril,
1974\. Tnne 2, ubiquitous. Length 50 mm.

Neogene Turitella are a very divene group, showing
both a wide range of morphologic variability and high
stratigraphic and geographic endemism. More than one
author, faced with this bewildering array of forms, has
applied "7. variabilis Conrad, 1830" indiscriminately. For-
tunalely, Conrad's all encompassing taxon ispreoccupied by
T. variablis Defiance, 1828, and must be purged from our
Pliocene literature.

T. ahicostata was initially founded on three species.
Conrad cited localities of Jamas River, Virginia and Choptank
River, Maryland, but labeled the syntypes "Virginia' thus
eliminating the distinct Choptank form (figured by lvlartin,
1904). However all but one of the syntypes belong to a
Yorktown Tnne I indicaor species subsequently named T.
terslriclaRogers and Rogers, 1837. Theremaining type (fig.
288) is a worn specimen compatible with the form Mansfield

referred to T. alticostataanddesignated as indicative of the
upper orZone 2 Yorktown beds (his T. alticostataTnne). If
the syntypes were coexistent, at least one species exceeded
its supposed index zone,butabrasion ofall syntypes suggests
that Conrad collected reworked, river beach-strand material
and the primary sources could have been stratigraphically
distinct. For stability of the literature the syntype figured
herein (288) should represent T. alticostata and is hereby
designated as the lectotype. See further comparisons under
T. vir ginica and T. beaufortensis.

289. Turritella beaufortensis Ward and Blackwelder, 1987.
Shell of medium size, elongate, evenly tapered. Sculpture
of spiral threads and cords; two cords incipient in juvenile
whorls, becoming very sftong on adult whorls; a third spiral
cord develops just below suture. Intervening sculpture of
low, subequal threads. Nuclear whorls somewhat inflated;
nuclear sutures narrow, shallow; protoconch large, smooth;
second and third whorls keeled; adult sculpture pattern
incipient on fourth whorl. This species is apparently the
Chowan River descent of T. alticostata, differing in nuclear
character, in fine details of sculpture, in absolute size
attained, and in less sutural constriction of adult whorls.
Chowan River, Chesapeake. Lengttt 8Gr mm.

290. Tarritella vir ginica Camptr-ll, new species (Synonym:
Twrilella variabilis Conrad of authors (Virginia records),
not of Conrad, I 830). S hell of medium size, elongate, evenly
tapered. Sculpture of rather regular, even spiral cords, lower
cord somewhat stronger on each whorl. Suture broadly
indented, forming a very low, even "v"-shaped notch.
Nuclear whorls rounded, inflated, pupoid, smooth; nuclear
suture very narrow and shallow; keel absent; adult sculpture
incipienton fourthwhorl. Zone2,ubiquitous; lower Chowan
River, Chesapeake (reworked?). Length 25 mm. Type
locality: Crane Lake, formerly the Lone Star Cement Com-
pany pit, Chuckatuck, City of Suffolk, Virginia.

This smallest of Yorklown turritellas has the largest
spire angle and the only completely sculphrreless nuclear
whorls. Exceptional specimens preserve color pattern of
rectangular dots arranged in axial rows. ?. virginica from
Chuckatuck consislently showed this same patlern under
ultraviolet light, but T. alticostata from those same beds
showed no fluorescent patt€rn.

Etymology: named for the state of Virginia.

291. Twritella fluxionalis Rogers and Rogers, 1837 (Syn-
onyms: ?7. carolizensds Conrad, 1873; T. duplinensrsGardner
and Aldrich, 1919). Shell of medium size, elongale, evenly
tapered. Sculpture veryregular, with4 or5 unequally spaced
spiral threads. Interspaces with crowded, even, very finely
raised spiral lines. Suture narrow, even. Nuclear whorls
consticted; suture wide, very deep; protoconch small, smooth;
second and third whorls prominently keeled. 7,one 2,
Williamsburg and Chuckatuck. Length 32mm. This rare
species is unfigured by Rogers and Rogers, but the distinc-
tive and unique sculpture is exactingly described.

292. Turritella bipertita Conrad, 1844 (Synonyms: T.
pilsbryi Gardner, 1918; T. alumensis ldansfield, 1930,
Yorklown records only). Shell large, narrowly tapered,
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heavy. Juvenile sculpture of three symmetrically placed
spiral cords; adult sculpture generally offour spiral cords on
lower(anterior) half of whorl. Finer sculpture of spiral
threads. Nuclear whorls keeled as in T. alticosnta. This
largest of Yorktown mrritellas is a useful index fossil. Zone
l, ubiquilous. Length > ll0 mm.

Gardner (1948) stated that T. pilsbryicloselyresembled
T. alwunsis Mansfield, but differs in having three rather
than two major cords on the early whorls. Mansfield's
(1930) reference oYorkown specimens close to T. alwrcnsis
are likely L Dipertita. The juvenile stages of T. bipertitaalgo
resemble adult T. etiwanensis Tuomey and Holmes, 1856,
from the Carolina Duplin faunas. However the Duplin shell
never at0ains the size of T. bipertita and differs in adult
patterns of ribbing.

293. Turritella terstriata Rogers and Rogers, 1837 (Syn-
onym: T. alticostata Conrad, 1834, in part, see above; not
Tarrilella terstriata Rogers and Rogers of Petuch, 1988).
Shell of medium size, elonga0e, narrowly tapered. Sculpture
of spiral cordS and threads; center of whorl with deeply
sulcate constriction. Nuclear whorls unknown. Znne 1,
King and Queen County, Williamsburg, and "James River".

Gardner(1948:198) stated that the type of T. terstriata
was housed in the Boston Society of Natural History collec-
tion. This suite was subsequently moved m the Museum of
Comparative T,rrilogy at Flarvard University. Dr. Ruth
Turner kindly had a search made for this and other Rogers
andRogers types, butno Yorktown material couldbe located
(re80).

_. Turritella terebrifurmis Dall, 1892. See Appendix IL

-. 
Twritella variabilis Conrad, 1830 (Synonym: not f.

variabilis Defrance, 1828). No specimens of this Miocene
species, properly restricted, have been found in the Yorktown
Formation, but many past and cunent authors have applied
this name indiscriminately to any of the several valid
Yorktown species, especially triT. altico stata or T. vir ginica.
See Appendix II.

-. 
Turritella plebia carinata Gardner, 1948 (Synonym:

not T. carinata I. I*,a, 1 833). Shell small, elongate, fakly
fragile. Whorls lO+, very round; sutures strongly con-
stricted.

Gardner questioned the single Yorktown Ttone2report
of this pre-Yorktown species. I concur that the "Suffolk"
label is an error if Yorktown age beds are intended. See
Appendix II.

S uperfam ily Architectonicacea
Family Architectonicidae

Genus,{rci itectonica Roding, 1798
"Generally low-spired shells, rochoid in outline, sculptured
with spiral ribs that may be evenly beaded...umbilicus
bounded by a beaded ridge; operculum flat and few-
whorled"(Keen, 197I:388).

295. Architectonica nobilis Roding, 1798 (Synonym: .la-
lar iwn granulatwnLamarck, I 8 16). Shell of moderate size,

trochiform,solid; spirelow; periphery sharplykeeled. Sculp-
ture of flat spiral cords regularly intersected by radial
grooves on base and spire. Umbilicus deep, broad, bordered
by a row of coarse denticles. Tnne 2, Williamsburg and
Chuckanrck. Diameter 10 mm.

This species is known from two Yorktown localities
where it is presentin somenumbers, but these specimens are
consistently smaller than specimens from Duplin and Recent
populations.

Genus Pseudotortnla Sacco, 1892
Small, flat spired, nearly planorbid architectonids with
circular aperatures. Spiral sculpture dominating.

296. Pseudotorinia nil,pera (Conrad, 1834). Shell small,
nearly planspiral, solid; spire flat or low-domed; periphery
well-rounded. Suture narrow, vertically impressed. Sculp-
ture of spiral threads and cords regulady cut by radial
grooves; largest and most coarsely denticulate spirals just
below suture and bordering umbilicus. Umbilicus wide,
deep, wittr earlier whorls plainly visible. Zone 1 , Middlesex
County; Znne 2, Southampton County, Williamsburg,
Yorktown, Hampton, Chuckatuck, Smithfield and Chesa-
peake. Diameter l2mm.

Family Vermetidae

Genus Petaloconchzs H. C. Lea, 1843
"The worm gastropods are among the most puzzling of
shells. It is a moderately large shell, attached only in the
eady stages, the coiling being rather regular, in the form of
a hollow cylinder ending in one long and nearly sftaight turn.
Inside, in the medial whorls, there is a complex structure
called a spiral lamina--hro or more spiral calcareous plates
that diverge from the columella or hang down from the upper
margin of the tube" (Keen, 1971:400-3).

297. Petatoconchus sculpturatus H. C. Ira, 1843 (Syn-
onyms: Serpula anguina H.C. Lea, lM3: P. domingensis
Sowerby, lM91'Vernutus pulcherBose, 1906). This geno-
typic species is well-describedby Keen's quotation. Coiling
regular for 30 to 40 mm, unless individuals are crowded inno
inlertwining colonies. However, older growth often departs
from the coiling pattern and grows randomly. This free-
growing tube is often broken off, leaving an illusion of
regular coiling not true of the living adult. The nuclear
whods are smooth, turritelliform, and apparently free-crawl-
ing. Early postnuclear stages require attachment to a solid
substrate, but mature stages were again free-growing or at
least free standing. It was apparently susceptible to silting,
as it is rarely found in fine-grained sediments. Zone 2,
Petersburg, Wiliamsburg, Yorktown, Chuckatuck, Smithfield
and Chesapeake. Length 38 mm.

Olsson (1922) suggested conspecificity wittr ttre Carib-
bean Neogene species. H. C. Lea's Serpala azgailla shows
the tunitelliform protoconch and early growth typical of
Petaloconchus.

Genus Serpulorbis Sassi, 1827
Luge,loosely coiling worm-snails with scaley or granular
sculpture.
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298. Serpulorbis granifera (Say, 1824) (Synonyms: Serpzla
granifera Say, 1824, non Konig, 1825; Serpula convolutaH.
C. Lea, lS43iVernutus virginicaComad of Roberts,1932,
not Conrad, 1839; Anguinella virginianc (Conrad) of
Whitfield, 1894, not of Conrad, 1845). Shell moderate to
large, irregularly and loosely coiled. Sculpture of coarse
granulations. Whorls thin, circular in cross-section; at-
tached throughout their entire length. Tnne 2, H'ampton,
Smithfield, Suffolk, Chuckatuck; Southampon and Isle of
Wightcounties. Maximum diameter 47 mm.

'Iubes are ocasionally found broken wittr nestling bivalves
growing inside. The species was silt tolerant and is most
commonly found attached to larger shells or corals in silty-
sand sedimens. H. C. Lea' s S erpula convolata is a javenile
specimen.

Superfamily Cerittriacea
Family Cerithiidae

Genus Bitttum Gray, 1847
"Sturdy small shells with nodose sculpture; aperture with
only a slight anterior notch, not a canal"(Keen, l97l:413).

299 3 ittium curtum (H.C.Lea, 1843) (Synonym: Cerithiurn
curtum H. C. Lea, 1843, non Sowerby, 1855). Shell very
small, elongale, narrow, evenly tapered. Aperture round;
columella without folds. Sculpture of prominent spiral
threads and cords, and highly variable axial ribs or riblets.
Nuclear whorls smooth, small, dextral. Zone 2, Petersburg,
Willioamsburg, ChuckatuckandChesapeake. I-ength 3.4 15
mm.

This small species is abundant at Petersburg and
Williamsburg associated wittr estuarine taxa and may be
used as a near-shore indicator. It is rarely encountered in
offshore faunas. The axial sculpture may be completely
lacking, may weakly ripple the spirals, or may predominate
over the spirals. The latter morphotype resembles certain
odos0omias, however true odostomias have columellar folds
and a sinistral nuclear whorl.

Gcnus Cerithiopsis Forbes and Hanley, 1851
Elongate, very small, high spired shells resembling minature
Terebras, but with more coarse axial and spiral sculpture.

300. Cerithiopsis smitlfieldensis Olsson, 1916 Shell very
small, narrow, elonga0e, pupoid; 3 n 4 smooth nuclear
whorls. Sculpture of3 spiral beaded cords, 14 beads percond
on body whorl. Body whorl constricted. Aperture small,
recangular; canal very short, straight. Zone2, Williamsbug,
llampon, Chuckatuck, Smithfield and Chesapeake. Length
2.29 mm.

This species maybeancesfial to theRecentC. greeni(C.
B. Adams, 1839). The Yorktown form is consistently
smaller and more slender.

Subgenus las*ayo lredale, 1918
(Synonym:E ume taMarch, l868,not E wrwa Walker, I 855)
"I-askeya differs ftwn Cerilhiopsiy in the shorter, more
obtuse nucleus, the more tesselate sculpture and, usually, in
the more elevated and slender outline" (Gardn e4 1948:204).

301. Cerithiopsis bicolor (C. B. Adams, 1845) (Synonyms:
C er ithbp s is ernersoni of authors, fossil and southern records,
not of C. B. Adams, 1838; Cerithium bicostatunr Emmons,
I 858, not of Piette, I 855 ; C e rithio p s is e mer s o ni pe r s ub ulata
Gardner, 1948; C. suhulata Montagu of authors, not of
Montagu, 1808). Shell small, nalrow, elongate, evenly
tapered. Sculpture of beaded spiral cords above and below
suture, with a weaker-beaded spiral in between. Aperture
rectangular; canal short, obliquely recurved. Tnne 2,
Yorktown, Hampton, Chuckatuck and Chesapeake. Length
632mm.

Gardner (1948) erected the subspecies persubulata w
distinguish a slightly nanower southern race. Lyons (1989)
also notes that the more southern shell is a separate species,
but argues that the oldest name is C. bicolor.TheYorktown
fossils are indistinguishable from Recent Carolinian shells.

Subgenus Menxia Monterosato, 1884
"Slender, columnar, sculpture nodose, whorls inflated, su-
ture indented" (Keen, l97l:415).

3A2. Cerithiopsrs sp. Shell small, very narrow, elongate;
sides subparallel. S uture wide, distinctly consuicted. Sculp-
ture of three spiral,coarsely beaded threads. Aperhreround;
canal short, straight. Znne2,Chesapeake. Length 3.47 mm.

Recent Western Atlantic Metaxia include C. metaxae
Della C hiaje, 1829, C . m. tae nio I at aD all, 1889, C . abr up t urn
Watson, 1880, C. e xile (C. B.Adams, 1 850) and C . rugul a sum
(C. B. Adams, 1850). The Yorktown fossil is distinct from
the latter three, but I lack comparative material and illusra-
tions of the genotype and its subspecies.

Genus Seila A.Adams, 1861
Small, slender, high spired shells with very strong, keel-like
spiral ribs and weaker axial lines best developed in the
interspaces.

3A3. Seilaadansii (H. C. Lea, 1845) (Synonyms: Cerithium
terebralis C. B. Adams, 1840, non Lamarck, 1804; C.
clavulwn H. C. Lea, 1843, non Eudes-Deslongchamps,
1842: C. ad,amsii H. C. ka, 1845; C. terebellum C. B.
Adams, 1850, non Gmelin, 1790; C. annulatwn Emmons,
1 858, non Zekel, I 852; Ter e br a c I av ula (H. C.I*aof Meek,
1864; C. subclavulas Orbigny, 1852). Shell usually small,
narrow, elongate, evenly tapered. Sculpnrre of three even
spiral ridges, four on body whorl; interspaces wide, deep,
with very fine axial lines. Aperture rectangular; canal short,
straight Zone 1, Williamsburg; Zone 2, ubiquitous. Height
16 mm.

Family Triphoridae
Subfamily Triphorinae

Genus Triphora Blainville, 1828
Small to very small, sinistral cerithids resembling
Cerithiopsis.

3M.Triplwra bar tschi (Alsson, 19 16). Shell small, sinistral,
n€urow, elongate, tapered. Two smooth nuclear whorls.
Posmuclear sculpture of three subequal spiral ruws ofrounded
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beads. Aperture circular; canal slightly recurved. Znne2,
Smithfield, Chuckanrck, Williamsburg, Hampton andChesa-
peake. Length 4.(b mm.

305. Triphora submonilifera (Orbigny, 1852) (Synonyms:
Cerithium moniliferwn H. C. Lea, 1843, non Deshayes,
1833;Trifuriamelanura Adams of Dall, 1892andof Clark
and Mlller, 1912, not of C. B. Adams, 1850: ?. dupliniana
(Olsson, 1916). Shell small, sinistral, narrow, elongate,
tapered. Five nuclear whorls, with fine reticulate sculpture.
Postnuclear sculpture initially of two spiral rows of beads;
with continued growth a central thread is added, becoming
beaded with further growth. Aperture rectangular; outer lip
spatulate, broadly rounded, with a narrow, deep anal notch
at sumre. Three smooth basal costae. Zone 2, Williamsburg,
Smithfield, Chuckatuck and Chesapeake. Length 5.905
mm.

Dall(L892',2&) synonymized T. submonilifera with the
Recent T. melanwa. Comparing fossil and recent speci-
mens, I find that the protoconchs are very similar, but the
rccent Triphora has finer sculpture, its third spiral rib is
incipient on the third postnuclear whorl rather than on tlre
sixth as in the fossil form, and it is proportionally more
slender with straighter sides.

Superfamily Epitoniacea
Family Epitoniidae

Genus Opalia H. and A. Adams, 1853
"Axial sculpture of strong ribs, but not of regular and laminar
costae;; spiral sculpture various. Outer lip thickened by the
last rib" (Keen, 1971:38).

3M. O palia t e xt uv e s titum (Maury, 1 9 I 7). Shell small, high-
spired, solid. Whorls 6+, early whorls missing. Shell surface
friable. Axial sculpture of about 16 low. oblique, undula-
tory, sinuous ribs. Entire surface overlain with a cancellate
network of coarse axial and spiral lines of equal strength.
Interspaces pitted. Apertwe oval. ZoneZ,Hampton. Height
I l+ mm (incomplete). Illustrated specimen from the Rob
Dillon collection.

Genus Epinnium Roding, 179E
"Spiral stair-case shells have a classic beauty of form...the
shells are mostly slender and conical, of numerous whorls,
with a round aperture and regular axial ribs or
costae...interspacessmoothoronlyweakly sculptured' (Keen,
r97t:42rA23).

The Western Atlantic wentletraps have proliferated into
a bewildering array of species, a frend already establishedby
Yorktown time. It is not surprising that similar morpholo-
gies are found among the 12 Yorktown and 40+ Recent
Carolinian and Caribbean species. Some, like Epitonium
fr actum Dall, 1927, are morphotypically indistinguishable,
yet Recent populations of this species are restricted to water
depths far greater than any reasonably postulated for Plio-
cene bathymetry.

Subgenus Epitoniam Roding, 179E
Spiral sculpture lacking.

307 . E pito niam bolt e ni G ardner, 1 948. S hell small, slender,
elevated, smooth. Whorls convex, well-rounded. Costae
low, narrow, simple (without spinose projections), eight on
body whorl. Znne2,W rlliamsburg and Chuckatuck. Height
of holotype 8.5 mm.

Gardner (1948) compared this species with the recentE.
sayana (Dall, 1889) (synonym of E. humphreysi (Kiener,
I 83 8)), a larger, stouter form with heavier costae. However,
the fossil form is much closer tn E. tollini Bartsch, 1938,
from West Florida, differing primarily in having lower, less
prominent costae. E. bolteni is probably the species most
responsible for the occasional report of E. sayana from
Neogeme faunas.

308. E p it o niwn c or ni g e r urn (H. C. Lea, I 843) (Synonym : E.
robesonense Gardner, 1948). Shell small, fairly slender,
elevated. Whorls 1&r, rounded,loosely coiled; suture very
deep. Costae thin, prominent, 9-10 per whorl, with a
triangular projection at the shoulder. Juvenile shells, such as

Lea's holotype, iue more spiny than mature specimens. This
is one of the most elegant of the Yorktown molluscs . Zone
2, Petersburg, Williamsburg, Chuckatuck and Hampton.
Height 10 mm.

309. Epitonium edgecombense Gardner,1948. Shell small,
fairly slender, elevated. Whorls 8+, rounded; suture fairly
deep. Costae thin, prominent, 14-16 per whorl, slightly
tabulated at shoulder. Znne2, Chuckatuck. Height 6.19
mm.

310. Epitoniwn fractum Dall, 1927. Shell fairly small,
slender, elongate. Whorls 10+, well-rounded, somewhat
compressed. Costae prominent, very thin, 16-18 per whorl;
costae reflected posteriorly with a small, posteriorly re-
flected triangular spine at shoulder. 7-one 2, Hampton.
Height 10-12 mm.

Recent E. fractum are deep water shells with slightly
more open coiling than the fossils, but the morphologies are
very close. This shell is also similar to E. smithfieldensis
Mansfield, 1929 bt that species is larger and has less

regular, more distantly spaced cos0ae.

3ll . Epitonium sheldoni (Olsson, 1916). Shell fairly small,
slender. Whorls 6r, sutire impressed. Costae 10 to 12 per
whod, rather thick, with narrower interspaces. Costae
composed of many thin, used lamellae. E. sheldoni is
smaller and has distinctly thicker costae thantheZone? E.
smithfieldensrs Mansfield, is probable descendent. Height
8-10 mm.

3I2. E pito nium smithftelde nsis Mansfield, I 929 (Synonym:
Epitonium suffoll<cnsis (sic) Mansfield of Campbell and
others, 1975, a lapse). Shell fairly small, slender, thin.
Whorls 10+, rounded; suture impressed. Costae 12-14 per
whorl, thin,prominent, composedofmany verythin, weakly
fused, irregular lamellae, giving the costae a ragged appear-
ance. Znne2, Suffolk, Chuckatuck and Smithfield. Height
15-18 mm.

313. Epitonium druidi Campbell, new species. Shell very
small, narrow, elongate. Nuclear whorls smooth; six or
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seven postnuclear whorls; 18-20 very low, narrow costae per
whorl. Interspaces wide, smooth; aperture broken. This
specimen was lrst compared with E. unifasciatwn(Sowery,
1844) but that species is larger, relatively broader, with
fewer and stronger varices. Znne2,Chuckatuck and Chesa-
peake. Height 4.25 mm.

Etymology: named for Druid Wilson in recognition of
the aid and support he has provided this project.

314. Epitoniura various species. Fragments of various worn
Epitonium have been found in the Chowan River beds in
Chesapeake, but none are specifically identifiable.

Subgenus Gyroscala deBoury, 1887
With a distinctbasal cord or ridge.

315. Epitoniam aciculwn (H. C. Lea, 1843) (Synonyms:
S c al a I ine at a S ay, of Clark and Miller, I 9 1 2, not Say, 1822;
E. praui Gardner, 1948). Shell large for genus, relatively
broad, elongate. 12+ well-rounded, inflated whorls: suture
narrowly impressed. Costae narrow, low, lamellar, of
variable strength and number, 16-25 per whorl. Spiral
sculpture of weakly impressed incised lines and a single
basal thread or cord. Aperture obliquely oval. Zone l,
Williamsburg ;7nne 2,Petersburg, Williamsburg, Yorktown,
Flampton, Smithfield, Chuckatuck, Suffolk and Chesapeake.
Height 15 mm.

This species resembles Epitonium rupicolum (Kurtz,
1860), but is larger and has more regular costae.

3 16. Epito nium micr o s tomam (H. C. Lea, 1 843). S hell very
small, relatively stout, elongate. Whods 7+; suture im-
pressed. Thin costae prominent, evenly rounded, l0 per
whorl. Basal rib strong, crossed by axial costae. ZnneL,
Petersburg, Chuckatuck and llampton. Height 6 mm (holo-
type).

Subgenus AsperiscahdeBoury, 1909
"With spiral sculpture between axial costae"(Keen,
l97l:42,4).

317. Epitonium chuckatuclcensis Campbell, new species.
Shell minute, slender, elevated. Whorls well-rounded, four
smooth nuclear and four postnuclear; suture deeply im-
pressed. Axial costae thin, prominent, 14-16 per whod.
Spiral threads strong, 14-16 per whorl; secondary sculpture
absent. 7.one 2, Chuckatuck. Type locality : P anope a bed
at Crane Lake, Chuckatuck, Virginia. Height 2.08 mm.

This minute species recalls the Recent E. candeanum
(Orbigny, 1842) but the fossil shell is smaller, narrower, has
fewer and lower costae and has more spiral threads per
whorl.

Etymology: named for the type locality.

3I8. Epitonium duplinianarn (Olsson, 1916) (Synonyms:
Scalaria clatlvus Linnaeus of Emmons, 1858, not of
Linnaeus, l7 58; Epitoniwn delandensrs ldansfield, 19 18;
Epitonium antillarum(deBoury) [a synonym of Epitonium
candeanwn (Orbigny, 1842)l of Gardner, 1948 and Olsson
and Harbison, 1953, not of DeBoury, 1909; Epitoniwn sohli
Ward and Blackwelder, 1987; Epitoniwn greenlandicwn

(Perry) Paschall, 1988, not of Perry, 1811, [North Carolina
specimen only-Georgia specimen is an Eocene taxonl).
Shell of moderate size, slender, elongate. Suture impressed;
8+ well-rounded whorls. Costae low, heavy, lamellar, l0-
13 per whorl, with small posteriorly projecting hook just
below suture. Primary spiral sculpture of numerous strong
tlreads, becoming obsolete just below suture. Secondary
sculpture of exceedingly fine axial and spiral lines which
reticulate the surface. Tnne l, Williamsburg; Zone 2,
Williamsburg and Chuckatuck. Length 12 mm.

Many Neogene systemists have assigned this distinct
species to one or another of the synonyms of the RecentE.
candeanum (see Gardner, 1948:207), butthatshell is half the
size, has more numerous cosiae, and more crowded primary
spirals. E. duplinianum more closely resembles E.
novangeliae (Couthouy, 1838) and E. clnmpionii Clench
and Turner, 1953. E. novangeliae is larger, with more
prominent costae, and with a hook or spine at the shoulder
rather than just below tfte suture; and E. championii has
heavierprimary sculpture and lacks the secondary reticula-
tion.

3I9.Epitoniummicropleurum (H. C. Lea, 1843) @ossible
synonym: E. turriculum Sowerby, 1847, non Cantraine,
1842 of Mansfield, 1930). Shell very small to minute, very
slender, elongate. Smooth nuclear and postnuclear whorls
well-rounded; suture shallowly impressed. Axial costae
nuurow, low, evenly rounded, 26-28 per whorl. Spiral
threads even, subequal, producing a cancellate pattern.
Tnne 2, Petersburg, Chuckatuck and Chesapeake. Height
4.48 mm.

This small, elegant species was at first refened to E.
junceum Gardner, 1948, which it resembles in size, shape,
and in the prominence and crowding of the costae. However
Gardner's species lacks the spiral sculpture and the axial
costae are even more crowded than on E, micropleurum.

320. Epitoniwn novangeliac (Couthouy, 1838) (Synonym:
E. ancinaticosra (Orbigny,1842)). Shell fairly large for
genus, loosely coiled, fairly slender, elevated. Axial costae
thin, prominent, 9- 16 per whorl; with a posteriorly reflected
triangular spine at shoulder. Spiral threads between cosiae
strong over lower half of whorl, becoming obsolete above.
Secondary sculpture of fine axial and spiral lines which
reticulate the surface. 7nne2, Hampton. Height about 30
mm.

320a. Epitonium alumcnsrs Ivtansfield, 1930. Shell small,
high-spired, thin, rather fragile. Whorls 8+, periphery
sharply angular in earlier whorls, becoming more rounded
with subsequent growth. Axial sculpture of 20 very low,
undulatory ribs per whorl. Costae on last half of body whorl
stronger, more widely spaced. Spiral sculpture of micro-
scopic striae and a strong basal cord. Aperture large,
obliquely oval, with a strong varix on outer lip. 7-one 2,
Hampton. Height l0 mm. E. alwrcnsis was based on an
imperfect juvenile from West Florida. Dr. Robert Dillon's
discovery of a Yorktown specimen atRice's Pit allows the
adult morphology to be described and figured for the first
time.
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Suborder Gymnoglossa
Family Melanellidae

Genus M elanella Bowdich, 1822
(Synonyms: Balcis Gray, 1847; EulimaRisso, 1826)
Shell small, smooth, "ovate-conic, aperture ovate, not mark-
edly pointed...inner lip smoothly appressed to body whorl"
(Keen, 197l:443445).

32L. Melanella arcuata C. B. Adams, 1850. Shell minute,
smooth, polished. Body whorl evenly rounded. Vertical axis
distinctly curved. Zone2, Chuckatuck. Height 1.84 mm.

322. Melanella chesapeakensis Campbell, new species.
Shell small, smooth, heavy, relatively broad, tapered, elon-
gate. Flat whorls slightly constricted below suture, over-
hung by preceeding whorl to give a "Christmas Fee" outline.
Suture distinct, faintly impressed; aperture oblique. Inner
lip joined to columella by a heavy parietal callus. Outer lip
sinuate, broadly spatulate. Chowan River beds at Chesa-
peake. Type locality: Deep Creek pit, end of Cookes MIll
Road, 2 miles west of Deep Creek, Chesapeake, Virginia.
Height 6.10 mm.

No other Western Atlantic Neogene melanellid species
is as stocky and solid as this small species. I am not
completely satisfied with thegeneric oreven familial place-
ment. It may belong nearRissoina, especially near kbina.

Etymology: named for the City of Chesapeake.

323. Melanella angulata (H. C. Lea, 1843) (Synonyms:
Actaeon angulatus H. C. Lea, l8y''3; ?Melanella conoidea
Kurtz and Stimpson, l85l; ?Eulima alba Calkins, 1878).
Shell small, elongato, polished, smooth. Whorls flat, suture
indistinct; sides sraight or slightly concave. Body whorl
with a distinct angulation at periphery. Zone 2, Wiliamsburg,
Hampton, Suffolk, Smithfield and Chesapeake. Height 3.32
mm.

William Lyons (1984, 1991, personal communication)
notes that the Recent Melanella conoidea is the male
morphology of a protandous hemaphrodite, the adult, female
shell morphology being commonly butincorrectly assigned
to Melanella intermedia (Cannaine), a European species.
The Yorktown M. angulataand tle RecentM. conoideawe
morphologically indistinguishable. However, if M. angulata
was the male form of the adult femaleM. laevigata,thelatter
averages more slender than the "M. intermedia" females.
Detailed morphometric studies are needed to settle these
problems.

324. Melanella laevigata (H. C. Lea, I 843) (Synonyms: M.
eborea (Conrad, 1.846\; M. bartschi Gardner and Aldrich,
19 19 ; not E ulima laev i g at a Morris and Lycett, 1 854). S hell
fairly small, elongate, tapering, polished, smooft. Suture
indistinct; 12-14 nearly flat whorls very slightly sinuate;
nuclear whorls relatively constricted. Body whorl evenly
rounded with no angulation. Aperture relatively
nanow,oblique. Outer lip smooth, weakly spatulate. Zone
2, ubiquitous. Height 10.5 mm.

Lea's type is missing the body whorl, but I have com-
pared his type specimen with typical M. eboreaandthereis
little doubt concerning its identity. Gardner ( 1948) retained

her M. bartschi by applying "M. eborea" to a stouter form
here assigned n M. nisoformis Olsson and tlarbison, 1953.

Conrad's 1846 figure and the type of M. laevigata arc
borh of the more slender morphotype. M. laevigataisthe
largest and most ammon Me lanella in the Yorkown faunules.
It is possibly the female equivalent of M. angulatrs (see

above).

325. Melanella nisoforurs (Olsson and llarbison, 1953)
(Synonym: Strombiformis eboreaConrad, of Gardner, 1948,
not of Conrad, 1846). Shell fairly small, relatively broad,
evenly tapered, smooth, polished. 8+ nearly flat whorls
increasing rapidly in diameter; suture distinct, weakly im-
pressed; sides snaight, even. Body whorl with weak
angulation at periphery. Aperture wide, somewhat rectan-
gular. Zone 2, Chuckatuck. Height 9 mm.

Genus Strombiformis da Costa' 1778
"Shell very slender, the aperture long and pointed above.
Because these are small shells and sculpture must be studied
under a microscope, detailed Eeatment will not be given
here" (Keen, 197 l:443).

326. Strombiformis conchits Olsson and Harbison, 1953.
Shell minute, slender; whorls 7-8, slightly rounded. 7-one2,
Chuckatuck, Smithfield, and Chesapeake. Height 3.1 mm.
Juveniles of the larger melanellid species have fewerwhorls
at 3 mm. The slightly rounded whorls are diagnostic.

327, Strombtfurmis migrans (Conrad, 1846) (Synonyms:
Eulinta subulataEmmons, 1858, non Brocci, 1814 orChaije,
1830; S. dalli Gwdner and Aldrich, 1919, in part, Carolina
records; S. leonensis Mansfield, 1930; S. L harveyensis
Mansfield, 1930). Shell small, exceedingly slender, evenly
iapered, smooth, polished. Whorls lGr, nearly flat; suture
indistinct; sides straight, even. Body whorl very elongate,
evenly rounded. Zone 2, Williamsburg, Hampton,
Chuckatuck, Suffolk, Smithfield and Chesapeake. Height
8.5 mm.

Gardner fixed the type of S. dalli on a Caloosaharchee
(Ptocene) specimen whilerecognizing Duplin and Yorktown
populations. These latter populations belong to S. migrans,
but the Florida type has a slightly different aspect and I
hesitate to synonymize it.

Genus Niso Risso, 1E26
"Slender, base widely and deeply umbilicate; color mark-
ings in spiral bands present on most species...whorls flat,
smoothly tapering" (Keen, 197 l:448).

328. Niso aeglees Bush, 1885 (Synonyms: N. gunteri
Mansfield, 1930:, N. dalliGardner, 1948; N. lineata(Conrad)
of Heilprin, 1884, not of Conrad, I 84 l). Small and propor-
tionally slender, especially at apex, Chestnut-brown periph-
eral band bordered by lighter areas; suture channeled. Body
whorl angled at periphery; umbilicus broad, funnel-shaped.
Zone 2, Chuckatuck (single minute juvenile recovered).
Height (typical) 2L mm, diameter 9 mm.

Longchaeus suturalis (H. C. Lea, 1843), a common
Yorkown pyramidellid, is similar in size, general outline,
and in having an umbilicus. It can be confusod with Niso
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species. However Nisoes have a circular aperture and lack
the collumellar plications found in Inngchaeus.

Family Stiliferidae
Genus MucronaliaA. Adams, 1862

"Shells small, white, smooth, globose last whorl, attenuated
apex. Aperture oval-elongate" (Abbott, 197 4:130).

329. Mucronalia sp. Shell small, smooth, polished, elon-
gate. Whorls 8, rounded, nuclear whorls rapidly expanding,
becoming less convex. Body whorl more than half of total
lengih, evenly rounded; aperture oblique, oval, constricted
above. Znne 2,Chesapeake. Height 3.39 mm.

Superfamily Atlantacea
Family Atlantacea

Genus Aflcnfc Lesueur, 1817
"Shell small, fragile, discoidal, fiansparent-white, com-
pressed. Protoconch dextral" (Abbott, 197 4:133).

330. Atlanta cordifurmis Gabb, 1873. Shell minute,
planorboid, very compressed, smmth, exceedingly fragile.
Pgriphery with single prominent keel. Apenure with deep
slit at periphery of outer lip. Znne 2, Hampton and Chesa-
peake. Diameter 2.05 mm.

This fossil resembles a minature A. peronii Lesueur,
1817, from the Recent faunas.

Superfamily Hipponicacea ? (now Pyramidellacea)
Family Amathinidae Ponder, 1987

Genus Carinorbis Conrad, 1862
Srya! p moderytely sized, paucispiral shells with strong
spiral ribs orkeels, weak axial sculpture, and rapidly expand-
ing whorls. Type is Delphinula lyra Comad, 1834. A
synomyn is Clathrella. Recluz, 1864.

331. Cuinorb,rs lyra (Conrad, I 834) (Synonyms: Delphinula
globulus H. C. Lea, 1843; Fossarus lyra (Conrad) of Dall,
1892). Shell fairly small, naticoid. Whorls 3-4, rabulared,
very rapidly expanding. Spiral sculpture of5 coarse ribs
which form projections on outer lip; interspaces with 8-10
very fine spiral lines, and with 40-50 coarser axial threads on
body whorl. Aperture very large, oval. Base narrowly
umbilicate. 7-one I, Williamsburg; Tnne 2, Petersburg,
Williamsburg, Hampton, Chesapeake, Chuckatuck and
Smithfield. Diameter L0* mm.

Allomeric growth and the very rapid lateral expansion
of the whorls produce a rather peculiar growth series in this
species. Juveniles of I o I 12 whorls and adults are
srikingly wider than high, but ar 2 ta 2 tD whorls the shells
are higher than wide. Juveniles of 1 to 2 whorls are common
at many ToneZlocalities, but adults are very uncommon.

Some juveniles have a high, erect protoconch, while
others have the protoconch low and partially involute.
However, all adult specimens I haveexamined have the low
protoconch, raising thepossibility of sexual dimorphism or
multiple species. None of the several hundred juveniles
examined consisrcnrly differ in ottrer raiB, and only a single
Yorktown species is here recognized.

Jamos Mclean of the Los Angeles County has exam-

ined specimens and recommends that this species not be
assigned to Fossrus. Because it is the type of the genus
Carinorbis Conrad, 1862, tlrat name is used here, pending a
review of the FossanrsJike genera. A second speeies of
Carinorbis, C. qtndricostatc @mmons, 1858) (Synonym:
Aorotrenw gardnerae Alsson and Harbison, 1953) is known
only from Natural Well near lldagnolia, North Carolina. It
has 4 spiral keels and theaxial sculpture, of very low riblets,
is more subdued and more numerous.

Genus IselicaDall, 1918
"Spirally coiled, few-whorled, with a wide umbilicus" (Keen,
l97l:453). Abbott (1974:136) has maintained ttre tradi-
tional systernatic placement of I selica following Fossarnr,
while noting that Keen (1971) placed the genus in the
Pyramidellidae. Abbott (1974) stated that the soft parts are
unknown, but Gardner (1947:572) reported that J.P.E.
Morrison (personal communication) had examined the soft
analomy of a Californian species and found it typical of a
pyramidellid. As no consensus exists,lselica is provision-
ally retained here.

332. Iselica globosa H. C. Lea, 1843) (Synonyms: Actceon
globosus H. C. Lea, 1843; non Acteon globosas @ronn,
I 93 I ) of Bronn, I 948 ; I se li ca arnmala (C.B. Adams, 1 850);
Dolium o cto co staturn Emmons, I 858; /sapis caloosaensis
Dall, 1890; 1. arnmalaflondanc Mansfield, 1930; Fossarus
florius Gardner ofForti, 1969, not ofGardner, 1947). Shell
very small, solid, frrbina[e. holoconch involute; 3 l2
rounded whorls tightly coiled. Spiral sculpture of 8-9 ribs
with slightly wider interspaces. Axial sculpture of threads
which cross the spiral ribs, but are more prominent in the
interspaces. Aperture small, oval; outer lip scalloped by
spiral ribs. Base evenly rounded, with deep, narrow umbi-
licus. Zone 2, Williamsburg and Chuckatuck. Height 3.08
mm.

Lea's 2 mm type is now broken, but retains the distinc-
tive spire and sculpture of the shell later nam ed I . anomala.
I have compared Lea's type (figure 332) with the complete
specimen (figure 332a) andwith ajuvenile Carinorbis lyra
of the same size. The latter, at 3 rnm (figure 331a) has fewer
and coarser ribs, and it is a very different shell.

Family Crepidutidae

Genus Calyptaea Lamarck, 1799
"The shell is conical, its apex central and spiral, theaperture
basal, having a spiral diaphram that is twisted at the margin
!o form a false umbilicus" (Keen, 1971:455).

333. Calyptraea centralis (Conrad, 1841) (Synonym: In-
fundibulum concentricwn H.C. Lea, 1843). Shell small,
circular, broadly conic, smooth, apex central; relative height
variable. Internal septum obliquely spiral, smooth and
polished. Tnne 2,ubiquious; Chowan River, Chesapeake.
Diameter 19 mm.

Two ecomorphs are found in Yorkown beds. The com-
mon form is typically 5 to 7 mm in diameter, about as high
as wide, wi0r convex whorls. The largerform, 15 to 20 mm
in diameter, israrer, with low,concavewhods. A third fonm,
common in Duplin beds of South Carolinaand much larger
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than eitlrer Yorktown form (reaching 25 w 30 mm in
diameter and height) and having markedly straight, steep
sides, is possibly a separate species.

Genus Crucibalwn Schumacher' 1817
"The internal shelf or septum is concave and principally
attached near the apex of the shell, standing moreor less free
in later stages of growth--hence the popular name'cup-and-
saucer limpet.' Because of the sessile habits of these snails,
the shells may be distortedby growth in crampedquartersor
on irregular sufaces; sculpture and shape may be variable"
(Keen, 197l:461).

Subgenus C ruei.bulum, s.s.
"Septum attached along a nzurow part of the right side, the
edge or margin mostly free" (Keen, 197l:461).

334. Crucibalum scutellatwn (Wood, 1828) (Synonyms:
Calyptraea imbricata Sowerby, 1824, non Fischer, 1807;
Crucibularn ra,masurn Conrad, 1845; Calyptraea rugosa
Lesson, 1830, non Borson, 1825, non Anton, 1839); C.
mnculata Broderip, 1834; Crucibulum corrugatnm Gould
and Carpenter, 1857; C. imbricatum broderipii Carpenter,
1857). Shell large, patelliform, round to oval; height
variable. Sculpture of 15 to 20 heavy radial ribs with deep
interspaces; ribs and interspaces covered with irregular,
divaricating scabrous cords. Apex hooked. Internal cup
auachedbyanarrow line. Zone2,Williamsburg,Chuckatuck,
Smithfield and Chesapeake. Diameter 40.5 mm.

Recent C. scutellatum from the intertidal zone of
Mazatlan, West Mexico, are more irregularly formed, heavier
shells with proportionally wider ribs having a trapizoidal
cross-setion. Their interspaces are narrow to wide, with
strong concentric cords. In contrast, the Yorktown speci-
mens are more uniformly circular, lighter in weight, and
have narrower ribs with subparallel sides and weak to
obsolete concentric cords. Whether these differences are of
species value or functions ofhabitat is a question beyond the
scope of this study. Should they eventually prove distinct,
the oldestname for the Yorkown populations is C. ramosum
Conrad, 1845.

Subgenus Dhpotaea Say, 1824
With l/4 to 12 of internal septum attached to wall of shell.
Typeby origrnal desigpation, Calyptraea ( Dispotaea) grandis
Say, 1824.

335. Crucibulwn grandk (Say, 1824). Shell large, oval,
smooth or with growth lines; occasionally with rippled
pattern ghosting the substrate. Internal cup large, expansive,
circular; attached to wall by a narrow band. Apex subcentral ,

height roughly half of maximum diameter . Zane 1 shells are
much heavier. Tnne 1, ubiquitousi Zone 2, Chuckatuck,
Ilampton and Chesapeake. Diameter 6 mm.

Say(l 824) described this species as a C alyptr ae a and
then made it the type of his new genus, Dispotaea, as

indicated by Newton (1902).
Crucibulurn constr ictwn Conrad, I 842, from the Calvert

and Choptank formations of Maryland, has a smaller, thinner
shell but may possibly be conspecific with C. grandis. C.
constrictumConrad, of Gardner (1947,p1. 56, ftgs.2l,22,

not of Conrad,l8y';2) is the Yorktown Zone 2 form of C.
grandis.

336. Crucibulwn multilineatam (Cowad, 184 1). Shell small
!o moderate in size, patelliform, circular to oval, low.
Sculpture of crowded, low, rounded ribs with very narrow
interspaces; ribs may bear short, hollow spines. Apex coiled,
hooked, centrally placed. Intemal cup low, fragile, triangu-
lar; attached along 1/3 of circumference. Chowan River,
Chesapeake. Diameter 11.2 mm.

337. Crucibulum leanum Campbell, new species (Syn-
onyms: Calyptraea costata Say, 1824, not of Say, 1820 or
Gray, 1825; Calyptraea pileolus H. C. lpa, 1843, non
Orbigny, l84l; Crucibulum constrictum (Conrad) of
Mansfield, 1930 (in part) and Gardner, 1947 (in part), notof
Conrad, 1842i not Crucib riurn (D is potaca) c ostatunt p ile olum
(Lea) of Martin, 1904). Shell size small to moderate;
patelliform, circular; height variable. Sculpture of 10 to 30
coarse radial ribs with low, rounded interspaces and promi-
nent growth lines; secondary sculpture lacking. Shell may
ghost substrate. Apex hooked; early growth smooth or
costate. Internal cup attached along l/3 of circumference.
These shells are highly variable in height and ribbing. The
cup attachment and the lack of secondary sculpture separate

this species from C. scutellatum. 7-one2, ubiquitous
Type locality: Deep Creek pit, end of Cookes Mill Road, 2
miles west of Deep Creek, Chesapeake, Virginia. Diameter
40 mm.

Etymology: named in recognition of the pioneering
work of H.C. Lea.

338. Crucibulum leanurn Campbell, new species, new
ecomorph. Shell large, patelliform, very low. circular.
Initial sculpture typical of C . leanurnbttbecoming obsolete

over outer half of disk. Internal cup small, flattened.
Chowan River, Chesapeake. Diameter 47 mm.

This variety, occuring only in the Chowan River beds in
Chesapeake, commonly ghosts the rib pattern of the large,
flattened race of Carolinapecten eboreus which is unique to
these beds. Consequently, this taxon is better reated as an

ecomorph rather than a subspecies.

Genus CrePidula Lamarck' 1799

"The shells of the slipper limpets are low, oval, witl the apex

at or near the margin. Very young shells are spiral, but these

spiral whorls are soon lost and the shell becomes flat, with
a deck or shelf across about one-half of the aperture.

Although individuals can move about, they customarily
remain auached to whatever spot the young shell settles on,

and great variations in shape may result' Those that live
inside theapertures of dead gastropod shells maybe smooth
and curved backward to fit the contour of the shell, whereas

specimens from the samebroodlodging in the outsideof the

shell may become rough and disorted. In some species the

individuals cluster together, perhaps even stacked one upon
the back of another" (Keen, 1971: 458).

The species and synonymies used here are from
Hoagland, 1977, with notes on any differences of interpre-

tation following the species descriptions.
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Subgenus C re pidula s.s.
Sculptureless, small to large, arched Crepidula typically
with large, incurved apices.

339. Crepidula adunca Sowerby, 1825 Hoagland,, 1977
(Synonyms: C. cornacopice H.C. Lea, 1843; C. rostrata
Conrad, 1870:C. aesopDall,1903). Shell fairly small, thin,
cap-shaped. Beaksmall,high,incunred. Aperture subcircular.
Znne2, ubiquilous. Length 10.7 mm.

Crepidula adunca is a well-established, legitimate East-
ern Pacific species ranging at least from the Miocene to
re,cent. A seaway between the Atlantic and Pacific was
functional throughout the Miocene and several species,
including a cal ypt reid (C r u c ib ul wn s c ut e I I at um), arc fotnd
in faunas of both coasts. So Crepidula adunca could
theoretically be in the Yorktown fauna. However, these
particular "adwca" morphologies were found in place as
part of C. fornicata stacks at Chuckatuck. Normally the
suprajacent individual will settle and grow over the beak of
the next lower animal, and take on typic alC.fornicataform.
When a second shell grows on the flank of a shell whose beak
is already occupied, the "C . adunca" form results. Hence the
Yorktown shells are probably better assignedta C .fornicata.

340. Crepidula convexa Say, 1822 (Synonyms: C. glauca
Say, 1822; C. acuta H. C. Lea, 1842;?C. naviculaMorch,
1877). Shell small, usually thin, highly arched. Beaks high,
curved to the right. Shelf margin straight, shelf covers about
1/3 of aperture. Znne 2, Williamsburg ("Yorktown Zone I
and2" (Hoagland, 1977)). Lengttr 22mm.

Recent shells have a dark coloring which easily sepa-
rates them from C. fornicata, but the C. convem fosssils
converge with the" C. cornucopiae" form of C.fornicataand
are difficult to detennine.

341. Crepidula cyrnbaeformts (Conrad, 1844) (Synonyms:
C, recurvirostra Conrad, 1871; C. phalanea Weisbord,
1962; C. av irosrrc Weisbor d, 1962; C. c orcovadaWeisbord,
1962). Shell fairly large, heavy, elongate. Beak small,
produced, extending well beyond the aperture. Shelf edge
sinuate, shelfcovering about U2 ofapernrre. Aperture oval,
elongate. Tnne 2, Petersburg, Williamsburg, Suffolk,
Smithfield; Chowan River, Chesapeake. Length 45 mm.

Hoagland separates this from C.fornicataby its larger
size, elongate shell shape, and style of beak coiling. C.
cyrnbaeformis from Tearcoat Branch, South Carolina have
the unique lendency to absorb hematite into the shell struc-
turejust under and beyond the inner shelf, giving the shell a
discrete rusty stain.

342. Crepidula fornicata (Linnaeus, 1758) (Synonyms:
Crepidula riisei Dunker, 1852: C. virginica Conrad, 1871;
C. densata Conrad, L87l; Crypta nautarum Morch, 1877;
Crepidula roseae Petuch, 1991; see also C. adunca and C.
cyntbaeformis). Shell of moderate size. Typically a smooth,
oval, highly arched shell with srongly recurved beaks, but
exceedingly variable because individuals conform to sub-
strate. Shelf margin sinuate, shelf covering about 12 of
aperture. Zone l,Williamsburg; Zone 2, ubiquitous. Irngth
of stacked individuals, 20 to 30 mm; apparently solitary
individuals may attain 50 mm or more.

Ribbed shells are rare, but do occur when ghosting a
ribbed substrate. The stacking habit was perfected before
Yorklown time, and stacks of 15 to 20 individuals were
found in the Chuckatuckpit. Stacked individualsaccomodate
the apex of the underlying shell by developing a rippled
buldgein theshell margin. Pemch (1991)has describedsuch
a shell asCrepidula roseae. At Chuckatuck, in situ s[acks
preserve a symbiotic pea crab.

Subgenus Bostrycapalus Olsson and Harbison' 1953
Slipper shells with prominent ribs and spines.

343. Crepiduh aculeata aculeata (Gmelin, 1791) (Syn-
onyms: Calyptraea echinw andhystrix Broderip, 1834; see

also Hoagland,l977:3&\ "The spiny slipper has the apex
spirally curved !o one side and the surface of the shell
covered with spiral rows of spines, with much variation in
coarseness or fi neness...The septum ordeck is white, slightly
notched at the sides and in the center" (Keen, 1971:458).
Zones I and 2, ubiquitous. Length 15 mm.

343a. Crepidula aculeata ponderosaH. C. Lea, 1843 (Syn-
onym: C. spirnsa Conrad, 1844). See discussion below.
Length 36 mm.

343b. C repidala ac uleata co stataMorton, 1 829 (Synonyms:
non C . co statdSowerby, 1 824; non Deshayes, I 830). Length
28 mm.

Three very distinct morphologies can be separated out
of this complex. S mall shells usually have fi ne, long, regular
spines and are indistinguishable from Recent C. aculeata.
Yorktown adults typrcally grow a fairly large, heavy, inegu-
larly thorny shell with massive, strongly recurved beaks.
This is C. spinosa Conrad and C. ponderosa H.C. Lea.
Stacks of 6 to 10 individuals can occasionally be found;
when stacked, the animals modified their subsrate, appar-
ently by chemical dissolution. Not only are the spines
removed,but the shell margin is frequently imprinted on the
subajacent shell. Specimens attached to Chesapecten wrd
Ostrea similarily modified their substrate.

A third morphology is typically spineless buthas crowded,
low, radial ribs. This is Morton's C. costata. I have not
observed stacking in this form. Although rather scarce in the
Yorktown, shells of tre "costata" morphology dominate
Duplin populations at Tearco{rt Branch (Sumter County,
Souttr Carolina). Some southem specimens exhibit spines
on the dorsum and ribs on ttre flanks. Therefore these three
morphologies appee to represent a single species.
However, of the three, only the small, fragile, delicately-
spined morph seems to have escaped extinction.

Subgenus Ianacus Morch' 1852
White slipper shells with flattened, concave shells.

344. Crepidula plana Say, 1822 (Synonyms: C. depressa
Say, 1822; C.lmnina H. C.Ira, l8/3;C.rlryssenuOlsson
and Harbison, 1953). Shell small to moderate in size; often
concave, very flattened, smooth; oval to trigonal in outline.
Beak inconspicuous. Shelfedge curved inward, shelfex-
tending l R to I 12 of aperture. Tnne 2, ubiquitous. Lengttt
38 mm.
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Recent C. plana are most commonly found in the
interiorof gastropod shells, usually commensal with hermit
crabs. Yorktown C. plana are likewise found inside snail
shells and probably had a symbiotic relationship with hermit
crabs.

Hoagland (1977) observed thatC. planamay be synony-
mous with C. ungaifurmrs Lamarck, 1822, of the Eastern
Atlantic faunas.

Family Lamellaridae

Genus Lamellaria Montagu, 1815
Small, exceedingly thin and fragile shells typically imbed-
ded in the mantle of a considerably larger animal. Aperture
large, shell resembling a minature Sinum.

345. Lamellaria perspicua (Linnaeus, 1758). Shell very
small, exceedingly thin and delicate; rare. Externally resem-
bling a juvenile Crepidulafornicata. Zone2, Chuckatuck
and Chesapeake, a single specimen from each site. Length
6.0 mm.

Family Eratoidea

Genus Eralo Risso, 1826
"The generic name is derived from a Greek word meaning
'pleasing,' which isappropriate for these smooth and rather
shiny little shells. They resemble the Marginellas, and early
authors tended to confuse the two, failing to notice that the
Eratoslackany strong columellar folds. There may be a line
of weak denticles, however, along the border of the inner lip"
(Keen, 1 97 1 :488). Lyon s( I 989) stated that eratoids feed on
colonial tunicates.

346. Erato maugeriae Gray, 1832. Shell small, smooth,
solid, polished, pear-shaped, covered with a very thin glaze.
Spire low, conic. Outer lip arched at shoulder, with about l5
denticles on inner margin. Zone 2, Williamsburg,
Chuchatuck, Smithfield and Chesapeake. Height 4.3 mm.

Superfamily Cypraeacea
Family Cypraeidae

Genus Cypraea Linnaeus, 1758
"Glossy, colorful, ovate shells with a long narrow aperture
bounded on both sides by inrolled, toothed lips" (Abbott,
197 4: I49). "Spire concealed in adult by the glaze that covers
the body whorl" (Keen, l97l:.492).

-. 
Cypraea annulifera Conrad, 1866 (type locality:

Yorktown, Virginia) was a Recent Indo-Pacific C. annulus
(Linnaeus, 1758) dropped by an Indian or trader (Dall,
1890). See Appendix II.

Subgenus Siphocypraea Heilprin, 1887
Pear-shaped to cylindrical shells with a srong, deep, poste-
rior groove.

347. Cypraea (Siplncypraea) carolinezsis Conrad, 1841
(Synonyms: C. globosus Dujardin of Heilprin, 1884, not
Dujardin, 1837, non Gray,1832; C. pilsbryilnsram, 1939;

possibly C. carol ine ns i s fl o r ide ns is Mansfield, 1 93 1 ; possi-
bly Siplucypraea hertweckorwnPetuch, I 99 1). Shell large,
oval, rather heavy; with a deep, curved posterior groove.
Base flattened. Relative width variable, possibly due to
sexual dimorphism. Outer lip incurved, thickened, with
about 20 small teeth on inner edge. Zone 2, very rate,
Williamsburg. Length 5l mm.

Whenpreserved, acolorpattern of scatteredround spots
on the dorsum is diagnostic. In Virginia this sriking species
has been recovered with certainty from but a single
Williamsburg locality. Most of the Yorktown "cowries"
prove to be the large, rare marginella, Microspira oviformis
(Conrad, 1868), in which the spire apex remains visible as a
small point.

Superfamily Naticacea
Family Naticidae

The naticids are active, burrowing carniverous snails feed-
ing primarily on other molluscs. They drill a round, coun-
tersunk hole through the shell of their intended victim . These
characteristic holes are frequent in bivalves, gastropods, and
scaphopods in most Yorktown assemblages.

Genus Polinices Montfort, 1810
"The horny operculum that distinguishes the group from
Narica is paucispiral, thin, and ovate, with the nucleus at the
larger end. In another contrast to Natica, the umbilicus does
not have a true funicle, for the major part of ttre callus is at
the upper edge of the inner lip" (Keen, l97l:.477).

Late Note: Kabat (1991: 433) recognizes Neverita
Risso, 1826 as distinct from Polinices. By this usage, the
following species becomes Neverita duplicala (Say).

348. Polinices duplicatus (Say, 1822) (Synonyms:
N ev er ita per callo sa Conrad, 1868; N ev erit a de ns at aCowad,
1868; Neverita emmonsii Conrad, 1868; Neverita
(Glossaulax) asheri Pettch, 1988; Neverita (Glossaulax)
disculaPetach, 1988). Shell of medium size, naticoid, very
solid, smooth. Typically low, domed or flat-spired, twice as

broad as high, but variable, rarely as high as wide. Whorls
well-rounded,6 to 8, tightly coiling in the smaller males,
coiling more open in females. Umbilicus wide, deep, filled
orpaaially filled with a thick callus . Znne2,W illiamsburg,
Petersburg, Ilampton, Chuckatuck, and Chesapeake. Diam-
eter 35 mm.

348a. Polinicer sp. Shell small, naticoid, very solid. Spire
high, pointed.. Umbilicus filled or nearly filled by a callus.
Tnne 2,Ilampton. Height 10.5 mm. This small species
shares the size, shell outline, and spire form of Lunatia
perspectivia, and the umbilical callus form of the smaller
Tectonatica pusila. Apparently rare, this species has prob-
ably been confounded with those more common taxa.

Genus Innatia Gr ay, 1847
Thin, globose, naticoid shells with a corneous operculum
and a narrow, deep umbilicus. Lunatia specis have an outer
shell layer which weathers easily and flakes away. Such
deteriorated shells must be identified with caution. The
three Yorktown Lunatia species discussed below have had
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rather varied taxonomic treatment. Martin, 1904, believed
that all were varieties of a single form identical with the
Recent and late Pleisocene L. heros (Say, 1822). Dall,
1892, recognized three species, two smaller, extinct forms
and a larger, thin shelled species which he assigned to L.
lnros. However, Johnson's Waccamaw liss in Dall, 1892,
recotd Lunatia lrcroica, a nude name that can only apply to
the large, thin shelled species. This work rejects /,.lrcros as

a Yorktown species.
Late Note: Kabat ( I 99 1 : 43 l) has shown Lunatia to &

ajunior synonym of Euspira Agassiz, 1837.

349. Lanatia interna (Say, 1824) (Synonyms: Natica
crassilabrurn H. C. Lea, 1843; Lunatia lrcmocrypta (sic')
Gabb of Conrad, 1863, notL.lrcmicryptaGabb,l860 (New
Jersey Miocene); L. unmeyi Whitfield of Petuch, 1988).
Shell fairly small, very solid, naticoid, smooth. Whorls 5 ro
6, rounded, tabulated at shoulder; suture rather distinct,
slightly grooved. Umbilicus large, deep with a heavy spiral
ridge at border. Inner lip with small incipient callus covering
upper edge of umbilicus. The small size and umbilical ridge
are diagnostic for this species. However this latter feature is
lost in weathered specimens. Zone 1, Williamsbwg;7nne
2, Petersburg, Williamsburg, Hampton and Smithfield.
Height 18 mm.

350. Lunatia pe r s p e c t iv ia (Rogers and Rogers, I 83 7). Shell
fairly small, thin but solid, naticoid, smooth and polished.
Rounded whorls, 5 to 6, body whorl constitltes most of shell.
Suhrre rather indistinct. Spire elevated, tapering conic.
Umbilicus narrow, very deep; lacks a bordering ridge. Small
size and high, conic spire are diagnostic for this species.
Exceptional specimens preserve the original colors, a rich
cheshutbrown with awhiteaperture. Zone 2, Williamsburg,
Chuckatuck, Hampton, Suffolk and Chesapeake. Height
20.5 mm.

351. Lunatia sayana Campbell, new species (Synonyms:
Lunatia fteros (Say) of authors, not of Say, 1822; Natica
catenoides Wood of Conrad, 1862, not of Wood, 1842: L.
heroica Johnson in Dall, 1892, nomen nudum). Shell mod-
erale to large, thin, somewhat fragile, smooth. Six to eight
well-rounded, inflated, globose whorls. Suture distinct,
excavated in weathered specimens. Spire fairly low, tabu-
late. Umbilicus fairly narrow, very deep. ZnneL, ubiqui-
tous. Type locality: upper Zone 2 level, Deep Creek pit, end
of Cookes Mill Road, 2 miles west of Deep Creek, Chesa-
peake, Virginia. Height45 mm.

This species is relatively broader than the other Yorktown
Lunatiaspecies. It is also thinner shelled and attains a much
larger size. The fossils have traditionally been assigned o
L. heros (Say, 1822), a common Pleistocene and Recent
shell. A cold water species , L. lrcros does not live in shallow
subtttoral seas south of New Fngland. Adultl. heros ue70
to 120 mm in height, with heavy shells typically higher than
wide. l. sayana had warm water affinities, being common
in the subropical Duplin and Waccamaw faunas as well as

in the Yorktown; adults reached40 to 60 mm in height, had
thin shells, and were typically wider than high. Young l.
heros arethin-shelled and at that stage may closely resemble
the Yorktown form.

Etymology: named for Thomas Say.

Genus Balbas Brown' 1839
Small, thin, high-spired naticids with a narrow, deep umbi-
licus. Typical of boreal and temperate faunas.

352. Bulbus chesapealccnsr's Campbell, new species. Shell
small to very small, thinbut solid,elongate-naticoid,smooth.
Three to five whorls evenly rounded, slightly tabulated at
suture. Suture with very narrow, shallow channel. Spire
elevated, turret€d. Aperture oval, elongate; outer lip thin,
well-rounded. Umbilicusvery narrciw, deep . Tnne2,Chesa-
peake. Type locality: upper TnneZlevel, Deep Creek Pit,
end of Cookes Mill Road, 2 miles west of Deep Creek,
Chesapeake, Virginia. Height 4.91 mm.

Known from three specimens, B. chesapeakensls re-
sembles B. islandica (Gmelin, 1791), but the new species is

slimmer, much smaller (possibly a juvenile trait), and has a
much weaker sunrral channel.

Etymology: named for the type locality.

Genus Sinum Roding' 1798
(Synonym: Sigaretus Lamarck, 1799)
"Aperiostracum may or may notb presenton the low, ear-

shaped shell. The sculpture is of fine spiral grooves, and the

color varies from brown to white" (Keen, L97l:482).

353. Sinum chesapeakensis Campbell, new species (Syn-

onyms: Naticafragilis Conrad, 1830, non Leach, 1819, non
Loven, 1846: Natica apertaH. C. Lea, 1843, non Sigaretus
aper tus lstan, I 839). Shell of moderate size, inflated, thin
and fragile. Three to five rapidly expanding whorls, well-
rounded. Spire high, conic. Protoconch smooth. Sculpured
with 80 !o 100 fine spiral threads of irregular sfrength.
Aperture very large; columella twisted. Umbilicus deep,

exceedingly nalrow. Znne 2, Petersburg, Williamsburg,
Yorktown, Hampton, Suffolk, Smithfield and Chesapeake.

Type locality: upper Zone2level, Deep Creek pit, end of
Cookes Mill Road 2 miles west of Deep Creek Chesapeake,

Virginia. Length 27 mm.
No high spired Sinnn are found in the RecentWestern

Atlantic faunas, but this fossil closely resembles S. sco pttlo swn

(Conrad, 1849) of the Eastern Pacific.
Etymology: the two names previously proposed for this

species are primary and secondary homonyms' respectively,
s,o that a new name is required. The species is named for the
Chesapeake group of Virginia, North Carolina, and Mary-
land, to which the species is largely confined.

Pitt andPir (1993) have illustrated Sinzmlacondamini
Olsson, l9&,asimilar species from the Pliocene of Ecua-
dor. They have provided comparative specimens which
show the detail necessary for separating the two species.

Sinum chesapeaktnsis is considerably larger than S.

lacondamini, shows 67 spiral threads on the body whorl in
contrast with 53 for the Ecuadorian species, has flatter
threads, and the spiral of the suture opens more rapidly in S.

chesapeakensis.

354. Sinurn perspectivrutt (Say, 1831). Shell of moderate

size, compressed, thin and fragile. Three 0o four rounded
whorls, very rapidly expanding. Spire very low, flat. Sculp-
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ture of numerous fine spiral threads. Aperture very large;
columella an open spiral. Zone 2, llampton. Diameter 28
mm.

Genus Natica Scopoli, 1777
"The shells of the Naticas are sturdy, porcelaneous, mostly
smooth or polished, with bold color patterns...The funicle in
the umbilicus is a distinguishing feature--ariblike structure
that is built up from the little bulge of callus on the outer side
of the inner lip just below the middle of the lip" (Keen,
l97I:473).

355. N at i c a pli c ate lla Conrad, I 863. S hell of moderate size,
thin but solid, smooth. Five to eight well-rounded whorls.
Sculpture of short radial grooves which radiate from suture.
Aperture large. Umbilicus large, wide, with a cenral spiral
ridge. Zone 2, Chuckanrck. Height of unique juvenile 4.9
mm.

This shell is more common in the Duplin, Waccamaw
and more southern Pliocene faunas. Olsson and }larbison
(1953) noted that the shell is identical with the modern
Natica canrena (Linnaeus, I 858) but the calacreous opercu-
lum is distinct.

Genus Tectonatica Sacco, 1890
Small 0o very small naticids with a calcareous operculum,
and a callus which seals or very nearly seals the umbilicus.

356. Tectonatica pusilla (Say, 1.822) (Synonym: Natica
splaerulus H. C. Ira, 1843). Shell very small, solid,
naticoid, smooth. Three to five well-rounded whorls; with
slight dcpression just below suture. Umbilicus filled with
small callus. Znne2, ubiquitous. Height 3.075 mm.

Abundant but frequently overlooked. This small shell
is more solid than any of the coexistent juvenile naticids of
similar size, and is the only naticid of its size with a complete
umbilical callus.

Family Cassidae

Genus Sconsia Gray, 1847
Medium to large, thin shells with incised spiral lines and one
or more former varicies. This genus lacks the parietal shield
typical of many cassid genera.

357. Sconsia sp. cf. S. lndgeii (Conrad, l84l). Shell large,
thin, elongate. Five to six convex whorls; sutwe channeled.
Sculpture of crowded, fine spiral lines, coarsening anteri-
orly. Siphonal canal short, straight, with a deep notch. Outer
lip forms a varix, interior of outer lip has denticles posteri-
orly and low ridges anteriorly. Exceptional specimens pre-
serve a color pattern of small squares in spiral rows. Zoie
2, Chuckatuck, Days Point, and Hampton. Length 55 mm.

The Yorktown specimens are morphologically close to
Sconsia lndgeii from the Duplin of South Carolina. How-
ever, Druid Wilson (personal communication, 1980, 1991)
stated that tlere are two Pliocene Sconsia species in south
Florida, S. lndgeii, and an as yet unnamed species which
appears to be identical with the species at Rice's Pit in
Hampton. Exact species placement must await clarification
of these Floridian taxa.

Family Ficidae

Genus Ficas Rodin g, 1798
(Synonym: Pyula Lamarck, 1799)
"The fig shells are thin, elegantly curved, about the size and
shape of a large fig. Finely sculptured with spiral and
concentric riblets" (Keen, 197 I :503).

358. F icus lnlmesii Conrad. 1867 (Synonym: F. duplinensis
(Smith, 1907)). Shell moderate to large, pear-shaped, thin
and fragile. Five plus whorls, highly inflated. Spiral
sculpture of about 20 strong, flat cords; interspaces with a
strong cenftal thread flanked by two fine lines. Axial
sculpture of numerous fine, flat-topped threads. Intersec-
tions of spiral and axial sculpture raised, forming a square
bead. Siphonal canal narrow, lapering, elongate. Two
nuclear whorls are small, smooth, not inflated. Tnne 2,
Hampton. Height exceeds 70 mm.

Ficus communrs Roding, 1798, from the Waccamaw,
Caloosaharchee and Recent faunas is very similar, but it has
a large, bulbus protoconch consisting of a single whorl.

Family Muricidae

Genus Chicoreus Montfort, 1E10
"Shells varying in size from small to very large, character-
ized by having 3 more or less foliaceous varices. Spire
moderately high. Body whorl may be capacious to moderate
in size with an aperture that may range from small to
large...canal ranges from short to quite long...axial sculpture
generally consists of 3 varices and one or more axial ridges
in each intervarical space" (Radwin and D'Attilio, 197 6:32).

359. Chicoreus floridanus E.H. Vokes, 1965
(Synonyms: C. sallaenus (A. Adams) of autlors, not of
Adams, 1854; Murex sexcostata Emmons, 1858, non M.
sexcostata Lamarck, 1822; sr.n, Vokes, 1965 or 1990, for
further synonyms). "Shell large to moderate in size, whods
greatly inflated. With postnuclear whorls in the adult...On
the third postnuclearwhorl every third ribbecomes strength-
ened to form a small varix, gradually increasing in size with
each successive varix; three varices !o one complete
whorl...The shoulder spine is somewhat wider than the
others, but is not noticeably longer...The siphonal canal is
broad, recurved at the distal end, and almost covered over,
however it remains open by a n:urow slit" (Vokes, 1965:
189-190). 7nne2, Hampton. Height about 30 mm.

This species is represented in the Virginian Yorktown
by a single specimen in the Rice's Pit Museum at Hampton.
Mr. Rice permitted the specimen to be photographed in its
case and stated that it came from the lower (Turritella)bd,
of the pit. This illusfration is skerched from that photograph.

Gents Murexiellc Clench and Perez Farfante, 1945
"Varices are (with a few exceptions) 4 !o 5 in number,
composed of a row of spines intricately nett€d or webbed
logether by fine layers of frills; anterior canal moderately
broad; operculum with a subapical nucleus" (Keen, I 97 I :5 I 7-
519). "Aperture almost circular; no anal notch" (Abbott,
1974:174).
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360. Mureiella shilohensis (Heilprin, 1888). Shell small,
fusiform, elongate, rather fragile. Two smooth nuclear and
five postnuclear whorls. Axial sculpture of eight lamellar,
tabulated ribs with a sharply reflected trrbular spine at the
shoulder. Spiral sculpture of five to six scaly cords of
unequal strength. Suture constricted. Siphonal canal sraight"
somewhatelongate. Znne2. Williamsburg. Height 12 mm.

Genus Scalaspba Conrad, 1862
Small shells with a turreted spire and a long, constricted
siphonal canal; surface nonscabrous and devoidofspines.

361. Scalaspira strumosa (Conrad, 1830). Shell small, solid,
fusiform, turreted. Seven tabulated whorls. Axial sculpture
of 15-16 ribs per whorl; rib flanks slope gently into
interspaces, beoming obsolete at base of siphonal canal.
Fine axial growth lines also present. Spiral sculpture of low,
undulatory cords on body whorl and narrower, sftonger and
more widely spaced cords on siphonal canal; canal long,
constricted at base of body whorl. 7-one 2, Smithfield,
Chuckatuck, Hampton and Chesapeake. Height 21 mm.

Specimens from the Sr Marys Formation assigned in
literature to this species are not conspecific. The Miocene
shell was recently named Scalaspira harasewychi Petuch,
1988.

Genus Urosalpinx Stimpson, 1865
Small to moderate-sized muricids with solid, sturdy shells.
Low, generally rounded whorls with axial and spiral sculp-
ture and frequently, in good material, with a scabrous
surface. Siphonal canal typically open, short and somewhat
constricted.

Most YorklownUrosalpinx species have a distinct, trans-
lucentbrown calcilic layer, much the samecolot asEcplara
This brown layer weathers differently from the underlying
aragonitic layers.?rossulosalpinx Petuch, 1986
andVokesinorus Petuch, 1988b are synonyms of Ura salpinx.

362. Urosalpinx barbitoides (Gardner, 1948). Shell small
to moderate in size, fusiform, solid. Whorls 7+. Axial
sculpture of 9-11 heavy, lamellar, recurved ridges which
turn abruptly to the left at the suture. Spiral sculpture of 8-
10 low undulatory cords on body whorl and canal. Siphonal
canal fairly shortand somewhatconstricted. Surface smooth,
not scabrous. Zone2,Yorktown and Smithfield. Height24
mm.

Gardner's type remained unique until the 1980 field
season, when a second, larger specimen was obtained along
the James River. Vokes ( 1991 : I 18) assigned this species to
P terory tis andsuggested a possible synony my w ith P terory tis
unbrifer (Conrad). Given the broken and repaired nature of
the holotype and the less than definitive original illustration,
these assignments are understandable.

363. Urosalpiw lepidota (Dall, 1890) (Synonyms: ?Fusus
cannabinus Conrad, 1844; F. lamellosus Emmons, 1858,
non Borson, 1821, Philippi, 1836 or Gray, 1839: Neptunea
lamellosus Emmons Meek, L864;Coralliophila lepidota
Dall, I 890; U r o sal pinx p hri kna Gu dner and Aldrich, I 9 I 9;
U. suffolkcnsis Gardner, 1948; Troplwn lepidota (Dall)
Olsson and Harbison, 1953; Volresirctus lepidota (Dall)

Petuch, 1988). Shell small to moderate in size, solid,
fusiform. Nuclear whorls smooth, flat-sided, inturned,
typically muricid. Five to seven postnuclear whorls, convex
to very convex, rounded to inflated. Axial sculpture highly
variable. The basic form has 10 !o 16 low, rounded ribs
crossed and undulated by spiral threads. Basic spiral sculp-
ture of I 5 to 20 srong threads on the body whorl . Interspaces
narrower than threads, with an occasional secondary thread.
In the fimbriate specimens, axial ribsbecomelamellar, with
a single lamella or several fused lamellae standing erect or
curving backwards; spiral threads heavily scaled, with more
prominent and numerous secondary threads; these second-
ary threads likewisescaled; scaling of threads and interspaces
axially aligned in fluted rows. Intermediate shells may show
lamellae only between suture and shoulder. Siphonal canal
fairly short, straight, open; degree of basal constriction
variable, narrow in"U. suffolleensis" forms, less so in "U.
phrikna" forms. Zane 2,Williamsburg, Ilampton, Suffolk,
Chuckatuck, Smithfield and Chesapeake. Height 27 mm.

The type of C. lepidota is from the Caloosahatchee
Formation of south Florida. In the Caloosaharchee and
Waccamaw populations the frilled morphotype is more
common and theshells tend tobe heavierand moreangulated
at the shoulder. These tendencies merge back into the
general type. The non-frilled morphologies are probably
responsible for the records of Waccamaw Urosalpinx
perrugata (Conrad, 1846). Because these tendencies merge
back into the general type, I believe the youngerWaccamaw-
Caloosahatchie populations and the older Yorktown-Duplin
populations are best served by a single species. Emily Vokes
(1992, personal communication) argues that C. lepidota and
the Yorktown form are not conspecific. Resolution of the
problem must await a more detailed study.

Fusus cannablnrs Conrad, 1844 was not illustrated but
was provided with a better than average description which
bestfits Urosclpir* lepidota. However, Conrad (1862) later
synonymized F. cannabinr's with Hesperisternia filicata
(Conrad, 1843) which superficially resembles the unfrilled
U. lepidota. The holotype of Fusus cannrDirus being lost, it
seems best to let Conrad' s judgement stand. Petuch ( I 988b)
has erected the genus Vokesinotw for U.lepidotc, but the
supposed generic characters are inconstant at the species
level. Vokesinotus appearc tobea synonym of Urosalpiw.

3&. Urosalpba gardnerae Campbell, new name (Syn-
onyms: Urosalpinx stimpsoni Gardner, 1948, not of Dall,
1927; ? U. gardnerae DuBar, nomennudrun,in DuBarand
others, 1980). Shell of moderate size, fusiform, solid.
Whorls 7+, tabulated, convex. Axial sculpture of len to
twelve somewhat irregular, low, rounded ribs. Spiral sculp-
ture of eighteen to twenty coarse threads on body whod and
siphon, with finer threads between sufire and shoulder and
in interspaces. Tnne 2, Williamsburg; Chowan River,
Chesapeake. Height 34 mm.

This species maybeagiantecological varientwithin the
U, lepifuta stock, paralleling the giant races of U. cbrcreus,
theRecentgenotype. Alttrough (J. gardnerac parallels U.
lepidota in space and time, it remains rare, and a full
interconnection cannot be demonsfrated with the material at
hand.

Gardner's (1948) nameforthis species was preoccupied
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and must be replaced. DuBar, DuBar, Ward, Blackwelder,
Abbott, and Huddlestun (1980: 217) probably had this
species in mind when listing "Urosalpinx gardnerae",bat
without description, figure, or reference, their name be-
comes anonvnnu&nn. Ward and Blackwelder (1987)
subsequently documented the spocies as U. stimpso niCwdner.

365. Urosalpinx trossula (Conrad, 1832) (Probable syn-
onyms: Tro s sulas alpinx lrcrtwe c kiPetuch, 199 l;7. schmidti
Petuch, l99l; T. ,naryae Petuch, l99l; T. lindae Petach,
l99 l (type is injured and repaired) ; "7. tros suhts (Conrad,
1832) Petuch, tr. Sp." lapse in Petuch, 1991). Shell small,
solid, fusiform. Whorls 7+, evenly rounded, convex. Axial
sculpture of 18-20 very low, undulating ribs; ribs more
prominent and coarsely beaded in early whorls. Spiral
sculpture of 16-20 suong cords; wider interspaces typically
with narrow thread and variable number of fine lines; cords,
threads and lines finely scaled by growth lines; scaling
commonly worn off. Siphonal canal short, sFaight, open.
Outer lip heavily denticulate within. 7-one 2, ubiquitous.
Height 32 mm.

Within Yorktown Formation populations, this species is
constant in its characters; the spiral scuplture dominates over
the axial, and the whorls are evenly rounded. The heavy
beading of the whorls is likewise characteristic. Some
limited variation may be found, especially in its relative
proportions. The Floridian populations are more variable,
but I believe they still represents but a single taxon conspe-
cific with Urosalpinx trossula.

Petuch (1986) has proposed a new genus,
Trossulasalpl'nx, with Urosalpinx trossula as type and
Urosalpinx cnrtrs Dall, 1890 and Urosalpiru subsrZrs Dall,
1890 as congeneric taxa. I consider Trossulasalpinr 0o be,
at best, only subgenerically valid, or, more likely, to be a
synonym of Urosalpinx.

366. U ro sal p inx rap pahanno c ke ns is. (Gardner, I 948) S yn-
onym: Frsinus rappahannoclunsis Gardner, 1948. Shell
small, elongate, fusiform. Whorls 5+, rounded; nuclear
whorls unknown. Axial sculpture of ten to twelve low,
undulatory ribs. Spiral sculpture of twelve !o fourteen
weakly scabrous cords. Outerlip thickened, seven denticles
within. Aperture oval; siphonal canal long, straight, open.
7,one l, Williamsburg. Height 24 mm.

Genus Eapleura H. and A. Adams,1853
"Two varices on opposite sides of the whorls...strong den-
ticles occur inside the outer lip" (Keen, 1971: 530).
_. Euplewa caudata (Say, 1822). See Appendix II.

Genus Pterorytis Conrad, 1862
Medium o large shells with prominent axial ridges or blade-
like varicies, and a sharp spine projecting from the base of
the outer lip.

367. Pterorytis wnbrifer (Conrad, 1832) (Possible syn-
onyms: Purpura rrurslalli Mansfield, 1930; Pterorytis
semirala Olsson and Petit, 1964). Shell moderate 0o large,
fusiform, thin but sfrong, or heavy. Whorls 7+, angulated,
with a strong carina at shoulder. Axial sculpture variable, of
four to ten varices. Varix morphology of three distinct,

probably environmentally controlled patterns: l-varices
low, thick and massive (P. semino la Olsson and Petit, I 964),
apparently reflective ofhigh energy conditions; 2-thin, erect
blades with fluting at intersection of spiral cords, and frilled
lamellae on apertural side of varix, the "normal" form; or 3-
very thin, erect, recurved blades with strongly recurved open
spines at intersection of spiral cords, a form apparently from
sheltered habitats. Spiral sculpture of two to five raised
cords or carinae, strongest at shoulder. Aperture oval;
siphonal canal short, nearly straight, slightly upturned attip;
siphonal fasciole generally well-developed; siphonal canal
closed by a very thin lamina which is often broken. 7nne2,
Pelersburg, Williamsburg, Yorktown, Hamp0on, Smithfield,
Chuckatuck and Chesapeake. Height 27 mm.

P. umbrifer is rare but persistent in Zone 2 faunas.
Ornamentation varies with both ecologic and geographic
factors, the most omate forms coming from fine-grained
sedimens judged to reflectquiet water habitas. This species
is highly pized, by collectors.

The first known live taken specimen of Pterorytis
hanutus (Hnds, 1844), the very rareRecent species from the
eastemFacific,waswell illustratedanddescribedbyEmerson,
1 985. Radular characteristics place the gen us in the subfam-
ily Ocenebrinae. As illustrated, it is very close to the P.
umbrifer morphology. Forms morphologically intermediate
between P. wrbrifer and P. conradi Dall, 1890 occur at
Tearcoat Branch, Sumter County, South Carolina. They
may represent a new species @. Vokes, 1988, personal
communication).

Genus Trophonopsis Bucquoy, Dautzenberg
and Dollfus, 1882

Very small, solid, fusiform shells with lamellar axial sculp-
ture and a proportionally large, muricid protoconch. Many
of the species in the Recent literahre referre d,toTrophonopsis
belong elsewhere @mily Vokes, 1989, personal communi-
cation).

368.Tropho nopsis petiti Campbell, new species. Shell very
small, fusiform, elongale, solid. Nuclear whorls smootlt,
convex, infl ated, of one and one half tnrns. Four and one half
postnuclear whorls. Axial sculpture of thirteen lamellar,
fluted ridges on body whorl. Spiral sculpture of six or seven
cords on body whorl which flute the axial ridges, and three
or four cords on siphonal canal. Siphonal canal short, opotr,
sftaight. Aperture oval. Outer lip thickened, with crowded,
thin lamellae on outer margin and six coarse denticles on
interior. Columella smooth. Tnne2,Williamsburg. Type
locality, Clanru&dfacies at Golden Horseshoe golf course
equipment building, Williamsburg, Virginia; two speci-
mens. Height 6.95 mm.

Named in recognition of Richard Petit, who has been a
valued friend and resource throughout this study. Dr. Emily
Vokes kindly examined the figured holotype, and deter-
mined ttrat it belonged to Trophonopsis, a genus common in
the boreal faunas of the Pliocene British Crag. This is the
frst record of the genus in the Pliocene of eastern North
America, and adds another member to the small but growing
list of Yorktown age molluscs with boreal affinities.



PUBLICATION 127 77

Genus Boreotrophon Fischer, 7884
"Moderate sized, fusiform, whitish shells with along, slen-
der siphonal canal. Varices usually lamellate, rarely spinosse"
(Abbott, 1974:189).

369. Boreotroplnn tetricus (Conrad, 1832) (Synonyms:
Fusus tetricus Conrad, 1832; Troplnn tetricus (Conrad)
Marlin, 1904; Euplewa candata (Say) of Gardner, 1948: pl.
29, figs. 12-13, not of Say, 1822). Shell small, fusiform,
turreted, thin-shelled and fragile. 8 rather straight-sided
whorls; shoulder tabulated orsloping. Axial sculpture of l0-
12 lamellar varices with a small spine at the shoulder. Spiral
sculpture of4-6 srong spiral threads which cross varices.
Aperturerectangular; outerlip thin,notdenticulate. Siphonal
canal long, straight or somewhat curved, open, narrowly
constricted at base of body whorl. Znne t, Williamsburg;
Znne 2, Williamsburg, Hampton, Chuckatuck, Smithfield
and Chesapeake. Height 35 mm.

tvlartin (1904) erecteda variery,B. tetricus lcevis, for St.
tvlarys (Maryland) Formation specimens in which the spiral
sculpture is obsolete or nearly so. A similar form occurs at
Rice's Pit, Hampton (369a); the Hampton form is also larger,
and the spines are more prominent than in the typical
Yorktown form (369) from otherZone 2localities. Another
morphotype is known from small, fragmentedZnne I speci-
mens with niurow, recurved, blade-like spines at the shoul-
der. Petuch (1988b:72) recently erected the name
Boreotroplwn lindae, for the St. Marys Formation speci-
mens. If the Miocene and Pliocene populations prove 0o be
distinct, B.laevis has priority over8. lindae.

Emily Vokes (1992, personnel communication) sug-
gests thatFur us tetricus may be the mostprimitive Eupleura.

Family Coralliophilidae

Genus Coralliophila H. & A. Adams,1853
"Aperture with a well-defined anterior canal. Spire evident,
aperfire shorter than shell length. Axial sculpture weak or
very irregular" (Keen, 1971:543).

37 0. C oralliophila I eone ns is Mansfi eld, I 937. S hell small,
fusiform, thin. Whorls 6r, with a prominent carina at
shoulder. Axial sculpture of 8-10 well-rounded ribs. Spiral
sculpture of numerous scabrous threads, 45-50 on body
whorl; spirals very fine above shoulder, fine on body and
fairly coarseon siphonal canal. Siphonal canal sraight, with
prominent fasciole. 7nne2, Chuckatuck. Height 18 mm.
Babelomurex lindaePetach, 1991, may be a synonym.

Family Columbellidae

GenusAzacets H. & A. Adams, 1853
"Distinguished by srong axial ribs on the spire that tend to
fade toward the base of the body whorl; spiral sculpture
various. The outer lip has teeth within in most forms, the
inner lip smooth, or nearly so. The notch at the anterior end
of the aperture is deep, but the anterior canal is short to
absent" (Keen, 197 l:57 6-7\.

Subgenus C ostoaruchis Sacco, 1890
"Spire more tapering than in Anachis, s. s., suture less

indented, whorls tending to be flat, not tabulate; a short
anterior canal in some species; columellar edge smooth or
finely denticulate" (Keen, l97l:577).

371. Anachis parvula (H. C. Lea, 1843) (Synonyms:
Buccinum interruptumConrad, 1841, non Schroeter, 1805,
non Brocchi, l8l4; Fasciolaria pmvula H. C. Lea, 1843;
Anac his re ti culata (Canrad, 1862); A. lwni siiDall, 1892; A.
milleri Gtdner, 19 48i A. avar asimrlis (Ravenel) of Gardner,
1948, not of Ravenel, 186l). Shell small, solid, tapering. 3
small, convex, smooth nuclear whorls and6'7 postnuclear
whorls. Axial sculpture variable, of 12'26 narrow ribs
becoming obsolete on body whorl. Spiral sculptwe of 4-8
cords on spfue whorls, 16-30 cords on body whorl. Spiral
cords much more crowded on base and on short siphonal
canal. Outer lip with small posterior notch,4 to 8 denticles
within. Zone 1, Williamsburg; Zane 2,ubiquitous. Height
16 mm.

Dall, 1892,andGardner, l94S,both overlookedConrad's
and lra's older names for this species. Gardner's A. milleri
from theWaccamawbeds falls within therange of variation
shown by Virginia Yorktown populations. There may,
however, be a trend in younger beds CIward finer and more
numerous ribs and spiral cords. Lea's holotype is a recog-
nizable juvenile of this species.

372. Anachis styliolaDall, 1892 (Synonym: A. s. obsoleta
Gardner & Aldrich, 1919). Shell slender, tapered, high-
spired,small. Whorls 10. Axialsculptureof l6to l8narrow
ribs with wider interspaces. Spiral sculpture fine on upper
portion of whorl, coarsening over base. Suture narrowly
channeled. Tanre 2,Chesapeake. Height 13+ mm.

373. Anachis virgilinaGardner, 1948 (Synon ym: Anachis
clappii Mansfield of Richards, 1947, not of Mansfield,
tq30). SheU small, solid, turreted, elongate. Whorls 8+.
Axial sculptureof24 low,narrow ribs with equalinterspaces;
ribs becoming obsolete on lower part of whorl. Spiral
sculpture of threads which become more prominent on
postorior half of body whorl. Suture marked by a wide,
shallow channel. Sphe outline sinuate. TAneL,Hampton.
Height 19 mm.

This may be a slout, coarsely sculptured varient of A.
styliala Dall, but insufficient material is available to settle
this question.

Genus Pananachis Radwin, 1968
"Small, stout, with body whorl inflated, anteriorcanal short
or wanting, outer lip thickened" (Keen, 1971:584). Squat,
ribbed, Anachis-lke forms with ventricose apertural lips,
typifred by P. obesa (C. B. Adams).

374. Pamanachis obesa (C. B. Adams, 1845). Shell very,
small, stou! solid. Whorls 6-8, inflated. Axial sculpture of
20-30 narrow, sraightribs. Spird sculptureof crowded, low
threads. Outer lip thickened, flaring, denticulate within.
Zone 2, Suffolk. Gardner, 1948, recorded this small species
from Suffolk. It has not been subsequently recovered in the
Virginia Pliocene.
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Genus Mitrella Risso, 1826
"Small to very small, smooth, fusiform shells. Sculpture, if
present" ofincised spiral lines. Spiral sculpture is generally
restricted to the anterior end near the base; axial sculpture is,
with few exceptions, entirely absent. The outer lip is dentate
in adult specimens" (Keen, 1971:590).

375. Mitrella iommunis (Conrad, 1862) (Synonym: M. c.
carolinensis (Gardner & Aldrich, 19 19). Shell small, broad,
solid, smooth, evenly tapered. Whorls 8; body whorlbroadly
angulate; sharply angulate injuvenile shells. Sculpture of
incised spiral lines on lower third of body whorl. Outer lip
thickened, denticulate in adult. Exceptionally preserved
specimens retain colorpatterns of axial flammules or numer-
ous small round spots on a darker background. Tnne 2,
ubiquitous. Height 12.5 mm.
376. Mitrellalunata(Say, 1826) fideGardner, 1948. Shell
very small, solid, fusiform, biconic. 6 rounded whorls,
smooth save for incised lines on lower U4 of body whorl.
7,one2, ? Suffolk.

Gardner's 1948 report of this species from Suffolk
remains unconfirmed. She compared M. lunata to a"dwarf '
M. communis, and the Yorktown record may in fact be the
laEer species. Mitrella tratsoni lvlansfield, 1924, from the
equivalent Duplin beds of South Carolina, re sembles M itre lla
lunata, and could also be the basis for Gardner's record.

37 6u Mitrella lnrbisonaeCampbell, new name (Synonym:
Anachis (Alia'1cf .fenestrata (C. B. Adams, 1850) of Olsson
and llarbison, 1953, p.237, pl. 38, figs. 2, 2a). Shell very
small, solid, elongate. Whorls 7-8. Spire elevated, flat
sided, smooth. Periphery of body whorl rounded or with a
slight angulation. Lower half of body whorl constricted,
with strong spiral cords. Aperture nzurow, denticulate on
columella and outer lip. Chowan River beds at Chesapeake.
Length, 8.5 mm. The designated holotype is ANSP 18530,
Plate 38, figure 2 of Olsson and Harbison; type locality, St.
Pe0ersburg, Florida, Caloosahatchee Formation. The single
Virginia specimen is recognizable but decrepit, and unsuit-
able for type designation. M.fenestrata. aRecent Caribbean
shell, is more slender, with a less abrupt basal constriction
and much weaker spiral sculpture.

Etymology: named for Miss Ann Harbison.

SubgenusAsryris H. & A. Adams, 1E53
Very small, smooth, nzurow shells with a thin, non-denticu-
late outer lip.

377. Mitrella (Asrfr$ edenensis Richards and Harbison,
1947 @ossible synonyms: Fnsus anornalous, Fusus
pygmaeus, Buccinutn frrnncntron, and Buccinun pusillwn,
all H. C. Lea, 1&43; Mitrell waccomlrwensrs of Ward and
Blackwelder, 1987 , non Gardner, 1948. Shell very small,
solid, smooth, elongate, pupoid. Whorls 5-6, well-rounded,
slightly inflated. Surface smooth, devoid of sculpture. Ouler
lip thin, smooth, evenly curved; inner lip sinuate. Siphonal
canal very short, straight. 7nne2, ubiquitous. Height 3.38
mm.

This shell resembles its probable descendant, M.(A.)
waccanurwensis, Gardner, 1948, but is consistently shorter,
proportionally broader, with more inflated whorls and a

larger protoconch. Some of H. C. Lea's four names may be
intended for this common qpecies, but the holotypes are very
poorly preserved, fragmented shell which can not now be
identified to genus with any confidence, and are here consid-
ercd nomina du.bia.

Dall (1890) described two small Neogene forms of
Mitrella as Asryns profundi minor and Astyris profundi
pernwgna.Qnmen nu&tm). Mitella (Asryrts) profundi is a
common, rather stubby, abyssal species morphologically
close to both Mi trella edenensls and to the following species.
The unfigured type of A. p. minor is a smooth, small
relatively broad shell specifically distinct from any mitrellid
in the study area.

378. Mitrella waccamctwensir Gardner, 1948. Shell very
small, solid, smooth, elongate. Whorls 7, gently rounded. No
sculpture present in Virginia population.Suture fine, narrow,
but easily eroded. Aperture small. Outer lip thin,non-
denticulate. Chowan River, Chesapeake. Height4.90 mm.

Genus Nassc riru D all, 1889
"Small shells with both axial and spiral sculpture; whorls
more rounded and sutures more deeply indented than in
Anac his ; sphalcords narrower than their interspaces" (Keen,
r97I:593).

379. Nassarita glypta (Bush, 1885) (Synonym: N. dalli
Olsson and llarbison, 1953). Shell very small, solid, elon-
gate, turrid-like. Nuclear whorls 3, inflated; postnuclear
whorls 5, gently rounded; suture narrow, incised. Axial
sculpture of 12 narrow, beaded ribs with wider interspaces.
Spiral sculpture of 3 fine ttreads between suture and shoul-
der, and 2 stronger cords at periphery. Body whorl and
siphonal canal with 8-10 additional spiral threads below
peripheral cords. Outer lip thin, denticulate within, with a
post€rior anal notch just below suture. Siphonal canal
straight, constricoed, rather long for the family. Tnne 2,
Chuckatuck and Chesapeake. Height 5.27 mm.

Gardner and Aldrich (1919) first reported N. glyptain
the fossil record from the Duplin of South Carolina. Olsson
and Harbison (1953) erected rV. dalli on differences judged
by Radwin (1977) !o be trivial. The Yorktown specimens
have 12 axial ribs while Recent shells off South Carolina
have 10. Consequently, the axial ribs of Yorktown speci-
mens are narrower, and are beaded rather than strapped by
the spiral sculpture. Also, the two spiral cords are canied
higher on the whorl, and the threads are narrower in York8own
specimens. The significance of these differences can not be
determined without larger populations than are now avail-
able.

Genus,4esopns Gould, 1860
Narrow, high spired, cylindrical shells with prominent spiral
ribs and punctate interspaces. "The short aperture and small
size arc distinguishing features" (Keen, 197 l:57 6).

380. Aesopus stearnsii Cfryon, 1883). Shell very small,
narrow, cylindrical, bullet-shaped. Nuclear whorl large,
blunt; postnuclear whorls 5-6, flat !o gently rounded; suture
a very narow line. Spiral sculpture only, of numerous, low,
crowded, inegular flat ribs; interspaces with vertically
aligned, incised, n:urow punctae. Tane2,Chuckatuck and
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Chesapeake. Height 4.04 mm.

Genas Juliamitrella Campbell, new genus
(type: Ae sopus gardnerae Ward and Blackwelder, 1987).

Verysmall, fusiform shells witha smoothprotoconchof one
to one and one-half whods, and generally five to six
postnuclear whorls. Whorls somewhat infl ated, well-rounded.
Spiral sculpture dominant, of crowded or widely-spaced
threads. Axial sculpture absent or very subdued. Outer lip
thin, nondenticulate. Named for Julia Gardner who first
described and figured the type species of these small shells.

This genus has the general form ofNassarina, but lacks
the prominent axial sculpture of that genus. Gardner ( 1948)
figured three luliamitrella species under Aesopus, btt
Aesopus, from the type of the genus, should include only
small, solid, cylindrical shells with spiral sculpture and
punctate interspaces.

Tzmitrella Finlay, 1927 (as figured by Wenz, 1938) is
very similar, but is an endemic New Zealand genus with
denticles in the outer lip. Because no mirellids with similar
morphology are known in intervening waters, the similarity
between the Weslern Atlantic Pliocene and the Tertiary and
RecentNew Zealand genus is betterascribed !oconvergence
than to a common generic heritage. Gardner (1948) hesi-
tated !o name her specimens because of their juvenile
appeamnce, but study of large populations demonstrat€s
them to be adult shells.

381. I ul iamitr e I la c he s ape akc ns is Campbell, new species.
Shell very small, fusiform, thin, fragile. Nuclear whorls I l/
2, smooth, large, inflated. Post-nuclear whorls 3, gently
rounded, moderately inflated. Spiral sculpture only, of 26-
30 even, narrow, low threads with very n:urow inlerspaces.
Apernrre oval. Columella with a low ridge that defines the
siphonal canal. Pillar smooth save for growth lines. Siphon
short, open, sraight. 7nne2, Chesapeake. Type locality:
Deep Creek pit, end of Cookes Mill Road, Chesapeake,
Virginia. Height 2.88 mm.

Etymology: named for ttre type locality.

382. Juliamitrella gardenerae (Ward and Blackwelder,
1987) (Synonym: Aesopzs sp. Gardner,1948, pl. 28, fig.
33). Shell very small, fusiform, elongate. Spiral sculpture
of 14- 16 prominent, raised, narrow cords on body whorl and
siphonal canal; cords strongest on periphery of whorl.
Interspaces very wide on whorl but narow on siphon. Axial
sculpture of very low, broad, undulatory ripples which
gently scallop the spiral cords, and of exceedingly fine raised
lines which cross the spiral cords, but which are more
prominent in interspaces. Zone 2, Williamsburg, Suffolk,
Ifumpton, Smithfield and Chesapeake. Height 3.4 mm.

383. Juliamitrella smithfteldensis (Mansfield, 1929). Shell
very small, fusiform, rather fragile. Nuclear whorls 1-113

large, smooth, inflated. Postnuclear whods 34. Spiral
sculpture only, of I I broad, grooved ribs on body whorl with
ruurow, deep interspaces. 7nne2, Suffoft and Smithfield.
Height 3.37 mm.

3&4. J uliamitrella v ir ginica Campbell, new species. Shell
very small, fusiform, elongat€, solid. Nuclear whorls I lD,

smooth, rounded; postnuclear whorls 4-5, well-rounded;
suture narrow. Spiral sculptureonly, of 13- 15 cords onbody
whorl with somewhat narrower interspaces. Spiral cords
stongest at periphery. Aperture oval. Outer lip thin,
nondenticulate. Columella with low ridge marking the
beginning of the siphonal canal. Chowan River beds,
Chesapeake. Type locality isDeep Creekpit, endof Cookes
Mill Road, Chesapeake, Virginia. Height 5.59 mm.

This shell is nearly nvicethe sizeoftheotlter Juliamitrella
species described above.

Etymology: named for the state of Virginia.

Family Buccinidae

Genus Buccinum Linne' 1758
Large, thin, inflated shells with a large, flaring aperture and
very short canal. Spiral and axial sculpture usually present.

385. Buccinwn sp. Shell moderate !o large, thin, easily
weathered. Whorls 5+, rounded to well-rounded. Spiral
sculphrre of 14-16 wide, flat cords with equally wide
interspaces. Axial sculpture of 10- 12 rounded, oblique ribs.
Spire of variable proportions. Znne2,Chuckatuck; Chowan
River, Chesapeake, and Chowan River, North Carolina.
Height 27 mm (incomplete).

This genus is represented in the Yorktown by very rare
and imperfect material from Chuckatuck (VA) and single
Chowan River specimens from the Chowan River (NC) and
at Chesapeake. These fossils fall within the range of
variation shownby Buccinum undatumLinne, 1758, Recent
in cold water of both the Eastern and Western Atlantic, and
Pliocene in the British Crag, but it is thought best not to unite
them until better fossil material is available. A second
York0own species of Buccinum is in a private collection
unavailable to this study.

Genus Tortifasw Conrad, 1867
(Synonym: Me ganema Conrad, I 868)
"Fusiform; ribs revolving; columella with a slight oblique
groove as in Sy co typus (i.e. B usyc on);&aklong, twisted, lip
entire within. This shell differs from Lirosoma in being
without longitudinal ribs or varices, and without a prominent
fold on the columella, which is very similar !o that of
Syco ty pus with its oblique, slight groove. It differs from the
species of the lat&er genus in its prominent, equal revolving
ribs, and wantof lines on the interiorof the labrum" (Conrad,
1867:187). (typ: Lirosorna cwvirostra Conrad, 1864).

Me ganemaConrad, 1868, shares the same unique geno-
type with Tortifusus Conrad, 1867. Wenz,1940, synony-
mizedTortifusus wilh Lirosoma Cowad, 1862, but the two
have little in common. Conrad s8essed the columellar form
lr&:e Busycon (Sycotypus) and Gardner (1948) described a
fragment asB usycon chowanensebecaase of this similarity.
Tortifusus appears, from Conrad's illustration of the lost
type and the rare, very fragmentary remains at hand, to be a

buccinid related to Cohts Roding, 1798.
The supposed B usy c o n affinities of T o r t ifus us m ay have

influenced Wenz to place Lirosonu next to the Busycon n
the Melongenids. The Pleistocene shell, Neptunea stonei
Pilsbry, 1893, very likely is aTortifusus, and Dall's 1894
report of N. stonei as an internal mold from the Pliocene of
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Martha's Vineyard may be a reference taT. cwvirostra.

386. Tortifusus curvirostra (Comad, 1864) (Synonym:
B usycon chowanense Gardner, 1948). Shell large, fusiform,
thin. Whorls 5+, with tabulated shoulders and strong, spiral
cords. Siphon long, bent !o the left. Axial sculpture lacking.
7nne2, Chesapeake, Yorktown. Height 70 mm.

Petuch (1988, p. 75, pl. ll, fig. 7) has illusrated a
saongly grooved Busycon as B. chowanense. It is a true
Busycon,and not conspecific with Gardner's taxon.

Genus Ptychosalpinr Gill, 1867
Moderately sized, solid, ovate shells with variable,

strong sculpture, larger apertures, and short, oblique siphonal
canals.

This genus is common in many Yorklown localities, and
present at most. The shells show an unusually high incidence
of predatory naticid borings. The genus Ptychosalpiw is
first encountered in the Middle Miocene Calvert fauna of
Ir,laryland, represen0ed by P . I ienosa (Conrad, I 84 I ) (includ-
ing P. multirugata Conrad of Martin, 1904, not of Conrad,
1841), and again in the Sr Marys Miocene, represented by
P . altile Conrad. Within the Yorktown fauna, Zone I beds
have yielded rare specimen s of P . altile,but it is in the Zone
2 fauna that the genus reaches its zenith. These spcies are
apparently of cold water affinities since the only living
representiatives of this and the closely related Liomesus
Stimpson, 1865, are all characteristic of Arctic, Boreal or
deep water faunas. The fossil distribution supports this
affinity, u Ptyclwsalpfux spp. are rare components of the
Duplin (Carolina) fauna and in Florida are reported only
from tlre EcplrcraZone of Mansfield, 1930 and from very
rare Pinecrest material (Petuch, l99l). As a component of
the shallow shelf community they apparently became ex-
tinct at the end of Yorktown-Duplin time. The unusually
high incidenceof predation has already been mentioned (133
bored specimens, I attemptedboring, and 28 unbored speci-
mens in one lot). The very large protoconch and the rarity
ofjuvenile specimens suggesta very low rate of fecundity,
which would be greatly disadvantageous under conditions of
selective predation. Speciation in the upper Yorktown beds
is very difficult o interprct. Six names have been proposed
for Yorktown Ptyclnsalpinx, and Gardner, 1948, has illus-
trated many of the types. Of these, I recognize four holotypic
species and describe a fifth as new. However, a through
biomeric study may prcve at least three of these five to be
end members of a single variable species.

KEY TO THE YORKTOWN Pryclnsalpim
la. Adult shell greater ttran 50 mm in maximum length

...........2
lb. Adult shell less than 50 mm in length ...................... 3
2a. Whorls tabulated, suture channeled ........... P. twmeyi
2b. Whorls rounded, suture not channeled ......... P.

muhirugata
3a. Spire elevated, shell relatively slender ..... P.laqueata
3b. Spire short........... .................4
4a. Shell with strong, coarse spiral threads and wide,

channeled interspaces P. chesapealcensis
4b. Shell wittr fine, rippled spiral threads with

narrow, incised interspaces ... P. altile

387. Ptyclnsalpiw altile (Coruad, 1832) (Synonyms: P.
cltifts Conrad, of Gill, 1867, unnecessary emendation; P.
Dift.r(Conrad, 1843)). Shell solid, thin toratherthick, small
to moderate in size. Whorls 6, gently rounded. Axial
sculpture of coarse growth lines and, in some races, of 14- 16
strong rounded ribs which become obsolete towards the
siphon. Spiral sculpture incipient on third whorl but of equal
sfength with the growth lines on the fourth whorl,producing
a cancellalepattern; spiral sculpture becoming dominant, of
irregular, altemating flat threads, lines and fine lines. Spirals
coarseratbase, and atshoulderof whorls. Zone l, Middlesex
County; Zone 2, Williamsburg, Yorktown, Hampton,
Smithfield, Chuckatuck, Chesapeake. Height 36 mm.

Gardner' s 1 948 illusftation of the broken type of P . bilk
includes aportion of the characteristic cancellate whorl. A
perfect specimen of the billr form (387a) , recovered from the
James River cliffs near Smithfield, is clearly conspecific
with P. altile dlffeing only in the absence of axial ribs.
388. P ty c lnsalpiru chesape akensis Campbell,new species.
Shell of moderaie size, solid, thick, relatively broad. Nuclear
whorls 2, smooth, well-inflated. Post-nuclear whorls 4-5,
slightly tabulated, well-rounded. Axial sculpture of many
very low, rude, narrow sinuous riblets best observed by
looking down on the spire: growth lines coarse; outer lip may
be flaring, former resting stages marked by a thin lamella at
inegular intervals. Spiral sculpture of 17 to 22 coarse
ungrooved cords, triangular in cross-section. Shell width
variable. Aperture oval, oblique; outer lip thin, crenulate,
occasionally weakly flaring. Inner lip with a thick, polished
parietal shield. Siphonal fasciole with crowded lamellae.
Zone 2, Chesapeake. Type Locality: Deep Creek pit, end of
Cooke's Mill Road, Chesapeake, Virginia. Height 41 mm.;
width 26 mm.

Etymology: named for the City of Chesapeake.

389. Ptyclwsalpim laqucata (Conrad, 1832) (Probable
synonym: Pry clnsalpiru perprotractusPetuch, 199 l). Shell
solid, thick, of moderate size. Whorls 7, gently rounded.
Spire elvated but variable. Axial sculpture of 15-16 low,
rounded ribs, becomingobsolete anleriorly. Spiral sculpture
irregular, of generally altemating threads and fine lines
coarsening near suture and siphon; interspaces narrow.
Outer lip crenulated by sculpture. Inner lip with two folds
on columella reflecting the expansion of the lip over the
raised edges of siphon and siphonal fasciole. T,nilnre 2,
Petersburg, Yorktown, flampton, Chesapeake, Williamsburg,
Chuckatuck, Suffolk, Smithfield. Height45.5 mm.; width
26mm.

Spire height is variable, and some specimens are diffi-
cult o assign a P.laqrrcata or P. altile.If the two species
prove conspecific, P. laqucata has page priority.

390. P tychosalpiw multirugata (Conrad, l84l). Shell of
moderate size, solid, high qpired. Spire tapering, not tabu-
lat€. Axial sculpture wanting. Spiral sculpture of narrow
threads which coarsen at suture and base of shell. 7nne2,
Smithfield, Suffolk, Chesapeake. Height, 49 mm.

This form may in turn prove tobe an exceptionally large
P. altile. Conrad cited a two inch length for his unique
specimen, but the "holog4)e" is only half of that mea$re-
ment. Hence, it appears the presumed type may not be



PUBLICATION I27 8l

Conrad's original, or that the published dimensions are
eroneous.

39 I. P ty c lw sal pinx trcmeyi (H. C. L€a, 1 843) (Synonym : P.

fos sulata (Conrad, I 843 I I M4l). Shell large, thin, inflated;
of 5-7 whorls. Axial sculpnl of growth lines only. Spiral
sculpture of 70-90 fine threac and lines, coarsening on the
base and srphon. Sutue channeled, whorls tabulate at the
shoulder suture. Nuclear whorls may be broadly domed (
form P./ossnlata) or narow and rapidly descending. Zone
2, Petersburg, Yorktown, Smithfield, Chucka0rck, Sycamore,
Hampton, Chesapeake. Height 54 mm, width 33 mm.

Conrad's name was not published until 1844, giving
Lea' s priority. As with all P ty c ln s alpiru, P . trnmey i v aries
considerably in relative proportions. However, the large
size, tabulated shoulder, and fine sculphrre distinguish it.

Formerly Family Colubrariidae, now Cancellaridae

Genus Tritonoharpa Dall, 190E
"Sculpture mainly axial, not regularly concellate; apertue
more than one-half the shell length" (Keen, 1971 :5 1 1).

392. Tritonolarpa aclinica (Tucker and Wilson, 1933)
(Synonym: Colubraria aclinicaTtcker and Wilson, 1933).
Shell small m medium size, high spired, elongate, fragile.
Nuclear whorls 2 l/2, smooth; initial whorl involute; 6-8
postrruclear whorls. Axial sculpture of about 36 thin, low
threads with equal interspaces; a varix is formed justbehind
the outer lip, and former varices wcw at2l3 whorl intervals.
Spiral sculpnrre of45-50 threads on body whorl and siphon;
spiral threads irregular and alternating in sEength, becoming
obsolete on siphon; every fourth spiral may be stronger.
Aperture elongate, nearly 1/2 the length of shell. 7nne2,rae
at Chuckatuck Height 18 mm.

Beu and Maxwell (1987) which document two very
different groups, one a tnre buccinid line, the other cancellarid,
lumped under the raditional genus Colr braria. All Pliocene
species of the southeastern United States appear o be
congeneric wilh Tritono lwrpa lance olata.

Any long term monographic study will reach a point of
committment to a particular order. Neither Tritonolurpa
nor the Ecphora which follows are buccinids, but the best
literature available at the beginning of this work so placed
them. They are retained here for compatibility with plates
and appendicies, but should beplaced in theirpropersystem-
atic order in subsequent works.

Genus Cantharus Roding, 1798
(P isania, P ollia, P seudoneptunea, Tritonides of authors)
"The type species, C. tranquebariczs (Gmelin, 1791), is
from the Indian Ocean, a solid, short shell with a rapidly
tapering spire, impressed sutures, low axial folds, and nu-
merous inegular spiral ribs. The siphonal fasciole is large
and the apernrre ovate, with a shortcanal" (Keen, 1971:558).

393. Cantlnrus (Celatoconus) rux (Dall, 1892). Shell
small, fusiform, thin, solid. Two smooth, rounded nuclear
whorls; five post-nuclear whorls. Spiral sculpture of 20-24
primary threads beaded or granulated by axial sculpture;
secondary sculpture of spiral lines alternating with threads

may be present. Axial sculpturo finer than spiral, of 80-100
subequal threads on body whorl. Body whorl narrow to
inflated. Aperture 213 the length of shell; outer lip thin,
crenulate to finely denticulate within. Zone l,Williamsburg;
7.ane 2, Yorktown, Ilampton, Suffolk and Chuckatuck,
Height, 16 mm.

Formerly Family Buccinidae, now Family Thaididae

Genus Ecphora Conrad, 1843
Large,broad, calcitic shells with loosely coiled adultwhorls
and a flaring umbilicus. Aperture oval to round. Interior of
shell lined with a white, often chalky, aragonitic layer.

I initially followed Dall (1916:7) who placed Ecphora
between Searlesia and Stenomplalzs in the Buccinidae.
More recently, Wilson (1987) and Kool (1988, personal
communication) have argued convincingly fora thaid place-
ment.

394. E c p lnr a q uadri c o st at a(Say, I 824) (Synonyms : Fzszs
4- costata Say, 1824; Fusus umbilicatusWagne1 1837, in
manuscript; Colus qwdricostclrs Say Tuomey and Holmes,
1856; Fuss umbilicatus Wagner Dall, 1898, non Smith,
1839, non Philippi, l85l; Ecphora pamicostatzs Pilsbry,
19 | l; Ecphora s tr iatul aPetnch, 1986; E c p lnr a quadri costata
(Say) Wilson ,1987 ; Ecphora qundricostara (Say) Ward and
Gilinsky, 1988; Ecplnra hertweckorum Petuch, 1987;
E c p In r a v io I etce Petuch, 1988a; E c p ho r a fl or ida naP etuch,
1988b; Ecphora Endricostata rachelae Petuch, 1988b;
Ecplara rrunsfieldi Petuch, 1988b; Ecplnra qwdricostata
lee cr eekznsisPetuch, 1988b1, E cphora pac hy co statcPetuch,
1988b; Ecphora hopei Petach, l99l; Ecphora roxanecre

Petuch, I 99 1). Shell large 0o very large, calcitic, widely and
openly coiling in the adult. Nuclear whorls2 LlZ,rounded,
smooth; 6-8 postnuclear whorls. Axial juvenile sculpture of
lamellar threads which become obsolbte with continued
growth. Spiral sculpture of four strong rectangular or "T"
shaped ribs which may have a shallow central groove.
Aperture oval to round. Siphonal canal straight and shallow
in young shells; becoming deep and obliquely twisted in
subadult and adult growth . Umbilicus absent in young shells,
becoming deep and flaring as a consequence of the twisted
siphon and loose coiling of adult. Zones I and 2, ubiquitous;
Chowan River beds at Chesapeake (reworked, worn frag-
ments only). Height 68 mm.

Large specimens typically 80 to 100 mm, but rarely
exceeding 150 mm. The "T" form ribs are more frequently
developed in Zone 1 faunas.

Peluch's (1986-1991) myriad species are here consid-
ered to represent minor variations. Large populations from
the Pliocene of Virginia and South Carolina justify recogni-
tion of only two species-level taxa, Ecplnra quadricostata
and Ecphora bradleyaePetuch, 1986, the latter restricled 0o

southeh North Caolina, northeastern South Carolina, and
Florida.

Family Melongenidae

Genus Busycon Roding, 1798

Subgenus Busycon Roding
Large heavy pyriform shells commonly keeled or noded at
shoulder.



VIRGINIA DIVISION OF MINERAL RESOI]RCES

395. Busycon maximurn maximum (Conrad, 1839) (Syn-
onyms : P yr ul a c ari c aGmelin of Say, 1824, Lyell, I 845 and
H. C. Lea, 1845, not of Gmelin, l79l1' Fulgur maximus
Conrad, 1839; Pyrula nansernondi "Wagner" Dall, 1898).
Shell very large, pyriform, heavy, solid. Spire conic,
frequently with spiral grooves above shoulder. Shoulder
rounded, smooth or with nodes per whorl. Siphonal canal
long, wide, open, not constric0ed at the base. 7,one 2,
ubiquitous. Height (incomplete) 238 mm.

Variation in B. maximum parallels that in the Pleisto-
cene and Rec ent B . carica, its probable descendant species,
in having both smooth and knobbed shouldered varieties. A
third parallel set of morphotypes has stronger sculpture,
shoulder spines, and a broad swollen ridgeat thebase of the
canal. They have been called 8. carica eliecensMontford,
l8 10, and B. rnaximum filosum Cowad, 1862.
396. B usycon rnaximum filosum Cowad, 1862 (Synonyms:
B usycon trito nis Cowad, 1863; Fulgur fusiforrrc Conrad of
Twardy 1936, not of Conrad, 1841). Shell large, as in 8.
maximum,bat with spines at shoulder, with a swollen ridge
at base of 'canal, and frequently with outer lip flared,
producing low, fluted costae at the resting stages. 7nne2,
Wiliamsburg, Yorktown, Hampton. Height 125 mm.

The type lot of B. filosumcontains tfuee specimens. The
first is an 85 mm specimen with crowded spiral threads,
nodes at the shoulder, and widely spaced lines inside the
aperture; the base of the siphonal canal is marked by the
characteristic spiral buldge. Acompanying labels identify it
as the specimen figured by Conrad ( I 867 ,pl.2l,frg.7) from
North Carolina (ANSP 14307). No matrix is visible in the
aperture. The shell surface is slightly chalky and colored a
brownish gray. The second speciqren, M mm in length, is
like the first but less well preserved. The acompanying label
states "Mioc. N. car., Va." (ANSP 14310). The third
specimen (also ANSP 14310) is 125 mm long, with spiral
cords becoming obsolete at mid-whorl, and with low spire
nodes coarsening on the body whorl. The base of the
siphonal canal is swollen, with low, rough, axial lamellae.
Matrix in the aperture is a fragmental shell sand. The shell
is here figured as figure 396. Conrad (1862:286\ states rhat
B.filosumhad.along canal and was foundonly at"Yorktown,
Virginia," where it was "rather common." This is the same
type locality as his B. lrilonis, described the following year.
Of the three specimens, only the third and largest has an
unbroken and therefore "long" canal, and only the third
shows color, shell condition, and matrix typical of Yorktown
cliff specimens. I therefore conclude that the two smaller
specimens constitu0e the "North Carolina" part of the type
lot, and that ilrey were added between I 863 and 1 867. ANSP
14307 is Conrad's 1867 figured hypotype.

Subgenus Bttsycotyptu \ilenz, 1943
Large Busycoz with thin shells, an inflated body whorl, a
keel at the shoulder, and a channeled suture.

397 . B usy con carwliferwnCawfr , 1862U 8631 (Synonyms:
B. carolinenslsEmmons, 1858,notof Holmes, 1857). Shell
large, pyriform, rather thin. Whorls 6-7, gently rounded.
Shoulder and suture keeled; shoulder keel with low nodes
becoming obsolete on later whorls. Suture narrowly chan-
neled. Sculpture of fine spiral lines becoming obsolete on

middle of body whorl. Siphonal canal twisted to left Tnne
2, Suffolk, Chesapeake. Height 88 mm.

B. canaliferwnresembles bothB. incileCowad, and the
Pleistocene and Recent B. canaliculala (Linnaeus, 1758).
From the former, B. canaliferwn can be separated by its
greater space between shoulder and suture keels, the narrow
sutural channel, finer sculpture, and the lack of a swollen
body whorl in the aduh. From the Recent sh ell,B . canaliferwn
differs in having a lower spire, broader shoulder, heavier
shell, and more twisted siphon.

398. Busycon incile (Conrad, 1833) (Synonyms: Fulgur
canaliculatus Linnaeus ofSay, I 824, not oflinnaeus, 1758;
Busycon conradii (Tuomey & Holmes, 1856); ? Busycon
alveatum Conrad, 1863; B. aepynofinn (Dall, 1890); B.
pyrw, propeincile Mansfield, 1930). Shell large to very
large, thin to moderately heavy. Whorls 7-9, flat-sided in
juvenile shells, but very rounded and swollen in adult stage.
Shoulder and suture keeled; shoulder keel noded only in
earliestwhorls. Sculpture of coarse, irregular spiral threads,
very prominent on juvenile shells, but lower and becoming
obsolete at mid-whorl in adults. Sutural channel wide.
Siphonal canal constricted at base. Zone l, Williamsburg;
Zone 2, ubiquitous. Height (incomplete) 186 mm, may
exceed 250 mm.

Juvenile (398a) and adult shell form arcvery different
in this species, but adolescent intermediate morphotypes
easily connect the two. The size of the adult morphology is
alsovariable,rangingfrom less than60 mm to over300mm.
The holotype of Busycon alveatum Conrad, 1863 (figure
398b) appears o be a fragmented and river-worn specimen
of Yorktown dwarf adultB . incile. Conrad (1863) stated that
he was unsure whether his specimen came from Maryland or
Virginia. The type is labeled "St. Marys River, Md.", and
Petuch, 1988, has figured St. lvlarys material which may be
conspecific with the holotype. Resolution of theproblem is
beyond the scope of this study.

Subgenus Sinistofulgur Hollister, 1958
As in typical Busycon,but left coiling.

399. Busycon contrarium (Conrad, 1840) (Synonyms:
B usy c on perversrm Linnaeus of Tuomey and Holmes, I 856,
not of Linnaeus, 1758; Busycon adversariwnContd, 1862;
Fulgur obrapum Grabau, 1903; Fulgur obfiloswn Grabau,
1903; Busycon perverswn robesonense Gardner, 1948;
Busycon sinistrwn Hollister, 1958; Sinistrofulgur roseae
Petuch, l99l). Shell large !o very large, pyriform, sinistral,
slender for the genus. Whorls 6-8, gently rounded. Spire low
to rather elevated, gently concave. Periphery ofshoulder
may be rounded, keeledby a strong cord, noded, or spinose.
Sculpture of coarse, irregular spiral threads. Tnne 2, ?

Yorktown; Chowan River, Chesapeake. Height of spire
fragment5 mm.

B. contrariwn is a common, large and conspicuous
member of tlre Duplin and Waccamaw faunas of the Caro-
linas, but is exceedingly rare in Virginia. Clark and Miller
( I 9 I 2) recorded it from Yorktown. A single fragment found
in the courseof this study establishes itas partof the Virginia
Chowan River also.
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Genus Lyrasoma Conrad, 1E62
Small shells with a short, tabulate spire, inflated body whorl,
and long, narow siphon.

A low ridge, hardly more than a ttrickening of the
columella, marks the point of apertural constriction. It is
apparenly this fearure that led Dall ( I 890) and W enz (1940)
toplaceLyasomanextta Busycon;I am not satisfield with
this placement. The size, general shell form, and especially
the protoconch closely resemble Scalaspira Conrad, 1862
(type: Frsns sfrrrmosm Conrad, 1830) which most authors
place in the Muricidae. Lyrasoma is here provisionally
retained in its raditional position until this question is more
extensively studied.

4C0. Lyasoma sulcosa (Conrad, 1830). Shell small to
medium size, fusiform, rather strong. Whorls 6, inflated,
tabulated at shoulder. Axial sculpture of 25-26iblets which
bead the dominant spiral sculpture and become obsolete on
siphon. Spiral sculpture of 7-8 flat ttrreads on body whorl and
finer, more numerous, thteads on siphon. Zone 2, Hampton,
Smithfield, Chuckatuck, Chesapeake. Height 29 mm.

The illustrated specimen hosted the barn acle Concavus
ftnchiiLea,l833, and the flat slipper snail Crepidula plana
(Say, 1822), the latter indicating a period of hermii crab
(rcCupancy.

4Al. Lyrasoma salcosamulticosrata Olsson, 1914. Shell as
in L. sulcosa, but with 10-12 spirals on body whorl, and 34-
35 axial riblets. Tane l,ubiquitous. Height 23+ mm.

Family Nassariidae

Genus Nassafius Dumeril, 1806
"The distinctive shell feature ofthegenus is the fossa, a deep
grcove on the base of the shell around the siphonal fascioG
and the slotlike recurved canal. Sculpture is apt to be
cancellate, the qpire tapering, the aperture rounded and lirate
within. The operculum is ovate and small for the size of the
aperture, has an apical nucleus, and is notched along the
edges in some species" (Keen, l97l:ffi4).

While an exhaustive fteatment of Ncssarilc is not
possible here, a short summary of Atlantic Coastal plain
usage may be helpfull. Most of the early work referred the
various species to Buccinam Linnaeus, but Nassa, Trita,
P ty c ho s alpinx, P aranass a, Al e c tr io n, U zita and other gen-
era were also used. I recognize two genera, Nassarias and
Ilyanassa, within our American East Coast Neogene.
Cernohorsky (1975) cautioned against the use of muitiple
genera and subgenera until the tangled synonymies, geno-
types and supposed genotypes are unraveled.

Cernohorsky (1984) published world-wide species lists
which include the mostthorough listingof Western Atlantic
fossil and Recent species anywhere in print. In that work he
continued to use the genusNasscrires forall species found in
the study area.

402. Nassarius consenoides (Olsson, 1916) (Synonyms:
Nassarius albus Say of Campbell and others, 1975, not of
Say, 1826; notUzita consenoides (Olsson) Gardner, 1948,
pl. 30, figs. 8 & l4). "Shell small, with a proportionally
large, rounded body-whorl and a pointed spire; rather nu-

merous, low, straight ribs, which are crossed by unequal
spiral bands; nucleus of 3 pointed whorls, smooth at first, but
with a few ribs on the laterportion; post-nuclearwhorls 5; the
body whorl with 15 staight,low ribs; spiral sculpture of
irregular bands; ...the body-whorl with about 21 spirals,
strongest on the middle of the whorl" (Olsson, 1916: 13).
7nne2, Chuckatuck. Height 11+ mm.

This is the largest, and proportionally the broadest, of
the Yorktown Nassarius species.

Earlier (Campbell and others, I 975), I followed Gardner's
(1948) error in confounding the small, squat varieties of N.
qrndrulatus (see below) with il. consenoides. True N.
consenoides from Chuckatuck were then referred to N.
fl or ide ns is Olsson and Harbison, I 953, which Abbott ( I 974)
synonymized with the RecentN. clbus (Say, 1826). N . albus
has frequently been cited as the senior synonym ofNcssarizs
consensa @avenel, I 861),butCernohorsky (1984:40) states
that N. albus is a composite of two distinct species and N.
consensa is valid and distinct from both. Olsson (1916)
named his species as ancestral to N . co ns ensa. N. co ns eno ide s
is here considered to be a valid Middle Pliocene species,
ancestral through the Upper Pliocene N. floridensis tn N.
a/Dns of the Recent fauna. WhetherN./orlZezsis, should be
considered a subspecies of N. consenoides or N.albus, or
valid in its own right, is beyond the scope of this study.

403. Nassarius quadrularus (H. C. Lea, 1843) (Synonyms:
Nassa impressaH. C. Ira, l8/.3; B uccinurn (Tritia) praerupta
Conrad, 1844; Uzita suffollcensis Gardner, 1948; Ilzita
consenoides (Olsson) ofGardner, 1948, pl. 30, figs. 8 & 14,
notofOlsson, l9l6;U zita neo genensr,s(Gardnerand Aldrich)
of Gardner, 1948 (Yorktown records), not of Gardner and
Aldrich, l9L9: Uzila smithiana (Olsson) of Gardner, 1948
(Yorktown records), not of Olsson, 19 16; Uz ita clpwanens is
Gardner, 1948; Nassa bidentata @mmons) of Clark and
Miller, 19 12, not of Emmons, 1 858). Shell very small, thin,
high spired; outline typical of genus. Two smooth, rounded
nuclear whorls and5-7 postnuclearsculptured whorls. Axial
sculpture of 10-14 nilrow ribs with wider interspaces, and
microscopic growth lines. Spiral sculpture of 8- I 1 threads;
threads and interspaces of variable width; when viewed in
profile the shoulder thread appears doubled; threads finer at
suture. Aperture oval; outer lip round, with 8 denticles
inside, coarsening towards siphon. Siphonal canal short,
twisted. Tnne2,ubiquitous. Height 10.4 mm. (Type of U.
suffollrcnsis is here illustrated).

After careful study of several large populations, I am
convinced thatthere is buta single, variable species ofsmall
Nassarius in Zone 2 Yorktown faunules. N. consenoidcs
(Olsson, 1 9 I 6), very rare in ttre Virginia Yorktown, is a much
larger and stouter species. Compared to N. quadrulatus, N.
rrcnilifurmis @mmons, 1858) (synonym: N. neogenensis
(Gardner and Aldrich, l9l9)), a Waccamaw species, is
larger, more elongate, with the spiral sculpture becoming
obsolete in the inter-rib area . N . smithianar (Olsson, I 9 16),
a Duplin species, is likewise larger, with stronger, higher
axial ribs and coarse, spiral cords which are prominent in the
inter-rib area, and which expand as they cross the axial ribs.
N. smithianwmayprovetobeasubspecies ofN. moniliformis,
and both may eventually prove to be local varients of N.
qtndrulatus. N. qwdrulatus also varies in the numberand
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size of spiral threads on the body whorl. The 10 !o 12 spiral
grooves may be very narrowly incised lines (Uzita
suffollrcnsis), wide channels (U. clnwanezsis), or of inier-
mediate width. The widths of spiral threads and grooves are
inversely proportional.

I*a's Buccinum qudrulatum was immature and had
not developed the characteristic nassoid outer lip, but it has
single page priority over Nas sa impressa of the same author.

404. Nassariw slackle rdensrs (Olsson, 1916). Shell very
small, solid. Whorls 6 U2, turreted. Axial sculpture of 15
namow, low ribs with wide interspaces. Spiral sculpture
finer than axial, of 7 or 8 narrow cords on body whorl with
wider interspaces; cords sEongestat shoulder, progressively
declining in srength anteriorly. Aperture oval; outer lip
broken; siphonal canal short, twisted to left. Tnne l,
Shrckleford. Height 6.35.mm.

Compared with the above species, this form is smaller,
with more numerous and very narrow ribs. It is probably
ancestral to the Zone 2 N. Endrulatus.

Genus llyatussa Stimpson, 1865
Small, rough, somewhat inflated nassoid shells. The geno-
type,1. obsoleta (Say, 1822), is the only living representa-
tive, but this genus was well diversified in Yorktown time.
I. obsoleta is characteristic of mud flats, intertidal and
shallow subtidd protected inshore habitats where it feeds on
diatom ooze.

Gardner, 1948, provides the most extended discussion,
and her Yorktown generic assignments are followed here.
She tanslates"llya nassa" as "queen of the mud,"a most apt
name for the Recent shell.

405. Ilyanassa granifera (Conrad, 1868) (Synonym:
Ptyclnsalpim (Paranassa) granifera Conrad, 1868; non
Nassarius granifer (Kiener, 1834), non DuJardin, 1837).
Shell small, solid, ovale, conical. Whorls 7-8. Axial
sculpture of 25 narrow, rather sharp ribs beaded or granu-
latedby spirals. Spiral sculpture of 14 coarse threadsonbody
whorl; spiral and axial sculpture of equal strength. Aperture
oval, with 6 denticles inside the outer lip. Zone 2, Yorktown,
Petersburg, and Williamsburg. Height 18 mm.

Cemohorsky (1984:a3) further notes that Buccinum
graniferwn Kiener, 1834 belongs in Nasscriav. Therefore,
Ilyanassa granifera is a secondary homonym of Nassarirs
granifer (Kiener, 1834) rf I lyanas sais a synonym ofNassarinr
or if it merits only subgeneric status.

Conrad &scribed this species as P tycln salpitx granifera,
thereby avoiding primary homonymy withNarsc granifera
Dujardin, I 837. The name should remain valid so long as the
generic asignment of llyanassa is maintained. I. granifera
is likely ancestral ta I. irrorata (Conrad, 1863), a higher
spired, larger species from the Waccamaw faunas. For
furtherdiscussion, see/. ser& ntata (Conrad, 1&44) (below).

4A6. Ilyanassa lwrpuloides larpuloides (Conrad, 1844).

Shell small to medium in size, solid, with a high, tabulated
spire. Whorls 7-8; body whorl large. Axial sculpture of I 3-
l8 strong, sinuous ribs with wider, irregularly spaced
interspaces. Spiral sculpture of 10- 12 strong threads, and of
fine, crowded lines covering threads and interspaces alike:

fine lines arise oblique to the suture. Tnne 2, Petersburg,

Yorktown, Williamsburg, and Chuckatuck; Chowan River
at Chesapeake. Length 29 mm.

(See Appendix I.) This form has the coarse sculpture
reduced in number and srength. Its validity as a distinct
taxon is questionable

407. Ilyanassa harpuloides iohnsoni Dall, 1892. Shell
small, squat, rather solid; spire short, conical, concave of
slope, rapidly tapering. Whorls 6+, well rounded. Axial
sculpture of 18-20 nalrow, slightly oblique riblets. Spiral
sculpture of 26 fine, fairly even threads. Aperture large, wittt
a large parietal shield extending well beyond the inner lip.
Siphonal canal deep, very short. Znne 2, Williamsburg,
Suffolk. Height 18 mm.

I. h. johnsoni differs from the typical /. h. harpuloides
in having a short, stubby spire, and finer and more numerous

axial ribs.

408. Ilyanassa lnrpuloides scalaspira (Conrad, 1868).

Shell like 1. h. lurpuloides but shorter, having a proportion-
ately lower spire, more tabulated shoulders, and a tendency
for the sronger spiral sculpture to become obsolete. Zone
2, Petersburg, Williamsburg, Yorktown; Chowan River at
Chesapeake. Height, 23 mm.

Most systemists have treated I. lwrpubides, I.iohnsoni,
and I . scalaspra as distinct species , and the shells illusEated
herein are certainly distinctive. However, larger popula-
tions show intergradation ofevery rait. The three names are
well enrenched in the literature, but I believe them to be
morphotypes with dubious biological validity, even at the
subspecies level.

-. 
Ilyanassa isogrammaDall, 1892. Yorktown records of

this species cited in ttreoriginal description are hererejected
(see Appendix II). 

.

-. 
Ilyanassa obsoleta (Say, 1822\. Gardner (1948) states

that she doubted the authenticity of this species in the
collections from Suffolk. No other pre-Pleistocene records
exist to my knowledge, and I therefore concur with Miss
Gardner.

4@. I lyanassa porcira (Say, I 824) (Synonyms: B uc cinwn
aratwnsay, 1824; Tritia idoneaConrad, manuscript name;
Tritia ovataMeek, I 864). Shell of medium size, stout, solid,
rather inflated. Spire conic. Whorls 7-9. Spiral sculpnrre
only, of 20-24 flat, narrow threads becoming obsolete with
adult growth. Tnne 2, Pelersburg, Williamsburg; Chowan
River at Chesapeake. Height 24 mm.

Gardner (1948) conectlyn otedtlntl aratrm is themore
srongly sculptured juvenile phase of I. porcr'zc. The name,
porcinahaspage priority, and should therefore be retained.
This is ttre type species of Pararassa Conrad, 1868, which
I consider to be a junior synonym of llyanassa. A single
juvenile specimen from Williamsburg has an unusully
elevated spire (see figure 409a), recalling the variety or
subspecieslp. schizopyga(Dall, 1892) from the Duplin and

Waccamaw faunas.
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410. Ilyanassa sexdentata (Conrad, 1344) (Synonym: f.
isogramma (Dall, 1892) in part, Yorktown records). Shell
small, ovate-conic, solid. Whorls 6-9. Axial sculpture of25-
35 narrow, sinuous, low riblets. Spiral sculpture of 18-20
fine lines on the body whorl. Spirals of irregular strength,
with wider interspaces. Spiral sculpture crosses axial, and
may ormay notform beadsatthepointof intersection. Outer
lip with six denticles. Zone 2, Williamsburg; Chowan River
atChesapeake. Height 13 mm.

Conrad ( 1843) described this species in ttre company of
Yorktown species from the James River, but he did not
specify a locality or figure the species. The type is lost, and
the original description is sufficiently vague 0o allow some
differences of interpreation. Dall (1892) discussed the form
as I. granifera var. sexdentata, and justified the placement
of the older name as subspecies on the contention that
sexdentata represented a rare variant of the more common
and therefore more typical granifera. Priority, rather than
appropriateness, deiermines such order, and should Dall's
interpretation stand, the name order must be reversed.
Gardner (1948) compared serde ntatawith I. irrorata,rather
than /. granifera and referred la sexdentata a Duplin shell
which is larger and has fewer and coarser riblets and qpirals
than the Virginia shells described here. In a separate
discussion she attributes coarse sculpture tD " sexdentata",
but in context this is an obvious lapse of the pen for
"granifera", and consequently, has no bearing on the ques-
tion of identity of 1. sexdentata. The position here taken is
that the Virginia material more closely conforms with
Conrad's description, and that the species is distinct from the
I. granifera complex. However, the idenuty of I. sexdentata
will not be known with full certainty until the type is
rediscovered, or a lectotype designated. True/. isogramrna
(Dall, 1892) is here illustrated as Figure 410a.

Family Fasciolariidae

Genus F asciohria Lamarck, 1799
Large, elongate, rather smooth shells with rounded whorls
anda long siphonal canal. Colorpattern typically dominated
by dark spiral lines, color lines commonly preserved in the
fossils also.

4l l. F as c io lar ia r lwmbo idea Rogers & Rogers, 1 834. Shell
large, fusiform, elongate, thin, smooth. Whods 8, gently
rounded; initial postnuclear whorls cancellate; spiral grooves
persistent for about 4 whorls; adult whorls smooth. Four or
five narrow, dark color lines persistent on body whorl of
many fossils. Siphonal canal sraight, open, fairly long.
Tnne 2, Petersburg, Williamsburg, Yorktown, Ilampton,
Smithfield and Chesapeake. Height 59 mm.

Genus Trfulofusas Olsson & Harbison, 1953
(Pleuroploca P. Fischer, 1884, of authors)

Exceedingly large, fusifonn shells, wittr 2 or 3 columella
plaits and a long, open siphon. Large nodes at the shoulder
in some specimens, nodes lacking in others.

412. Triplofusus gigantea (Kiener, 1840). (Synonyms:

Fasciolaria nodulosaEmmons, 1858, non Defrance, 1820;
Fasciolaria gigantea harveyensis Mansfield, 1930;
Fasciolaria papillosa acmensis B. Smith, L94O; F. p.
duplinensis B. Smittt, 1940). Shell very large, heavy,
fusiform; whorls 8-12, noded at the shoulder or evenly
rounded. Spiral sculpture of coarse threads which are finer
at suture. Columella with 3 srong pluts. 7nne2, Hampton,
rare at Rice's pit. Height exceeds 350 mm.

Genus Terebraspba Conrad, 1862
Large, fusiform shells with strong spiral sculpture; colu-
mella with 3 pl tits. Terebraspira differs fro mTriplofusus n
the strength and form of the spiral sculpture ,and,Terebraspira
spaies are smaller overall. Type: Fasciolaria elegans
Emmons,1858.

413. Terebraspira acuta @mmons, 1858) (Synonym:
Fasciolaria sparrowi @mmons) of ldansfield, 1932 and
Gardner, I 948, not of Emmons, I 858). S hell large, fusiform,
thin. Whorls 7-8, rounded. Axial sculpture of shoulder
nodes which often become obsolete in later whorls, and of
very fine lamellar growth lines. Spiral sculpflrre of 253A
srong, narTow, irregularly spaced cords which are sharp-
edged rather than flattened. Columella with 3 plaits. Zone
2, Williamsburg, Smithfield, Chesapeake, Isle of Wight
County. Height (incomplete) 75 mm.

Genus F usinas Rafinesque, 1815
(Frum of authors, not of Helbling, 1779)

"The spindle shells have spire and canal almost equally long.
Ribbing is both spiral and axial....columella without folds"
(Keen, 197l:616).

414. Fusinus exilis exilis (Conrad, 1832). (Synonyms:
Fasus exilisConrad, 1832, in part, not ofPhilippi, 1841, nor
of Menke, l8y'.3, F. dalli Mansfreld, 1930). Shell large,
narrow, elongate, thin. Whorls 9- I 0. Axial sculpture of 1 0
strong nodulose ribs per whorl which become obsolete over
the lowerbody whorl and siphonal canal. Spiral sculptureof
crowded, sharp-crested threads which altemate in srength.
Aperture oval, with the spiral sculpture visible as lirations on
both the inner and outer lip. Body whorl constricted at base
of the siphonal canal. Tnne 2, Williamsburg, Rushmere,
Smithfield, Chuckatuck, and Chesapeake. Height 70 mm.

Specimens from Rushmere are smaller, have apropor-
tionally shorter siphon, and less even sculpture. There may
be two species of Fusinus among the populations here
assigned o F. exilis exilis, but more material must be
obtained before the question can be settled.

415. Fusinus exilis burnsii Dall, 1890 (Synonyms: Frsns
erilis Conrad, I 832, in part; F.fragilis"Wagner"Dall, 1898,
non Risso, 1826, non Bonelli, 1841). This subspecies differs
from typical F . e . exilis in that the axial ribs of F. e. bwnsii
become obsolete on the penultimate whorl, the sutures are
less constricted, and the spiral threads are coarser on the
canal. Dall (1890) and others have argued that F. bwnsii
should be considered a separate species, but there is some
intergradation in the population from the Deep Creek pit, and
I can justify no more than subspecific rank for the taxon.
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Tnne2,Petersburg Yorkown, Chuckatuck, Suffolk, Hamp-
!on, Chesapeake, Smithfield; Isle of Wight and Southampton
counties. Height 84 mm.

41,6. Fasinus propeparilis Mansfield, 1929. Shell large,
fusiform, thin and very fragile. Whorls 8+, constricted at the
suture. Axial sculpture of 1 1-12 srong, rounded ribs. Spiral
sculpture of 3 or 4 strong, sharp primary threads on the upper
whorls, and 18-20 on the body whorl and canal: secondary
spiral sculpture of 3 to 5 fine lines in each interspace.

Tnne l, Bellefield, Williamsburg, and James City
County. Height of holotype; 83 mm (incomplete). F.
propeparilis is an index fossil for Tnne I faunas.

Genus Hesperisternra Gardner, 1944
Medium sized shells with prominent axial and spiral sculp-
ture. Columella with one or two plaits low in the aperture.
Siphonal canal short, twisted to the left.

Lyons ( 1 99 I : I 3 3) rejects the traditional familial place-
ment among the Fasciolaridae, stating that these forms
belong to the Buccinidae.

417. Hesperisternia ftlicata (Conrad, 1843) (Synonym:
Fusus cannabinru Conrad, 1844). Shell of medium size,
high spired, solid and strong. Whorls 8. Axial sculptureof
l0 to 12 sfrong ribs with deep interspaces. Spiral sculpture
of some 15 primary, undulating threads which cross and
expand over the axial ribbing; secondary spiral sculpture of
very fine lines. Aperture oval; outer lip thin, with l0 to 12
raised lines within. Columella with a single grooved plait at
the base of the canal. 7nne2, ubiquitous. Height 31.7 mm.

This common species is easily confounded with
U rosalpiw lepidota (Dall, 1890) which has a longer siphon,
coarser secondary sculpture, and even, less undulatory pri-
mary spirals.

Superfamily Volutacea
Family Olividae

Genus Oliva Brtguiere, 17E9
"Brilliantly polished shell because two wide lobes of the foot
and mantle fold back over the shell when the animal is
moving about... The cylindrical shells have a long aperture
and a channeled suture on the low spire. The inner lip is
wrinkled but does not have a wide callus area" (Keen,
L97r:622).

418. Oliva canaliculataH. C. Lea, 1843 (Synonyms: Oliva
litterata Lamarck Clark and Miller, 1912, not of Lamarck,
l8l0; Olivawebbi, anonymous manuscriptname; non Oliva
canaliculataGabb, 1873). Shell of moderate size, cylindri-
cal, smooth, glossy, solid. Spire low to rather high, turreted.
Sunrre deeply channeled vertically, with a thickened spiral
ridge just above the channel. Body whorl with oblique line
near siphonal norch. Tnne 2, Petersburg and Hampton
(common); rare at lVilliamsburg, Chuckatuck, and Chesa-
peake. Height 43 mm.

Rarely the spire of this specias is elongated into a high
turret (4f 8b). This is an abnormality with no separate status
as a species. The name O. webbi has come into common
usage forRice'sPitspecimens (4 18a). This local population

has a more elevated spire than the Petersburg shells, but
othenviseappearidentical. AccordingoRichards (1968: I 10)

the type localityaccording to thelabel forthe holotypeof O.
canaliculata is "St. Ironard's Creek, Maryland", a St.

Marys Formation locality. Lea (1845) stated that an un-
named specimen of his new species was in the Academy
collections. Lea's description could possibly apply to the
lvlaryland species (figuredby Martin, l90/: pl.M,figs. la-
b) or thePetersburg species. Lea's figure, however, isplainly
identical with Petersburg, Virginia specimens. Conse-
quently, the purported type, ANSP 31412, is not from
Maryland, or is not the specimen figured by Lea. The type
must be reexamined before the question can be settled with
certainty.

Oliva canaliculata Gabb, 1873, Pliocene of Santo
Domingo, is not identical with Lea's species. No replace-
ment name is required, however, b@ause Gabb's species is
generally recognized as ajunior synonym of O livamwicoides
Gabb, 1873 (fide Pilsbry, 1921).

Genus Olivella Swainson, 1840
"The olivellas are dainty little shells, more slender and with
a higher spire than the olives. The operculum is a thin horny
scale not large enough to close the aperture" (Keen, 1971:

6%).
The definitive work on fossil and Recent Western Atlantic
olivellas is Olsson (1956).

419. Olivella ancillariaeformis (H. C. Lea, 1&43). Shell
very small, elongale, thin, fragile, smooth. Spire gently
convex. Suture narrow, vertically cut, very deep. Apernrre
narrow , elongate. Parieal callus thin , narrow . Inner lip lacks

flaits or thickened ridges. Siphonal notch fairly deep.
Zone 2, Petersburg, Williamsburg, Smithfield,

Chuckatuck, Hamplon, and Chesapeake. Height 8.24 mm.

420. Olivella carolinaeGardner, 1948 (Synonym: Olivella
nitidula(Dlllwyn) of Dall, 1890 and Mansfield, 1944, notof
Dillwyn, 1817). Shell small, stout, heavy, sturdy, smooth.

Spire sraightsided. Suture incised,rathershallow. Apertwe
less than half the length of shell. Parietal callus thickened,
expansive, neady reaching to suture of body whorl. Inner lip
thickened, with a heavy ridge at the base of ttre columella.
Zone 2, Chuckatuck, Chesapeake, and Southampton County.
Height 19 mm.

O. nitidula Dillwyn is cited by Burch and Burch ( I 960)
as a synonym of Olivella minuta (Link, 1807). Neither O.

minuta or lhesimilar O. mutica (Say, 1822) grow as large or
are as high spired as O. carclinae.

421. Olivella mutica (Say, 1822) (Synonyms: Olivella
mutica coensis Mansfield, l93O; Oliva duplicata Conrad,
1843: Oliva muticoides Gabb, 1873; Oliva rufifasciata
Reeve, 1850; Oliva ftmbriata Reeve, 1850). Shell very
small, rather stout, sturdy, smooth. Spire flanks straight.
Sunrre incised, shallow. Parietal callus very thick, reaching
nearly to suture. Inner lip thickened, with numerous oblique
plaits. Zone 2, Williamsbwg and Chuckatuck. Height 9.5
mm.

O . mutica is smaller than O . carolinae, with a different
callus and with plaits prominent on the inner lip. The
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Virginia fossils are more high spired than the Recent shells
I have examined, butare otherwise indistinguishable. Olsson
(1956) recogn ized O liv ella tnuti c a only from the Pleistocene
and Recent, but gave no clear indication as to where the
Virginia Yorktown species should be placed.

422. Olivellasp. Shell very small, somewhatelongate, thin.
Spire blunt, bullet shaped. Suture incised. Parietal callus
narrow, somewhat thickened, with microscopic vertical
sriations. Inner lip thickened, with rather ganular snia-
tions; plaits lacking.

Known from a single specimen from Chuckatuck.
Naming the form should await a larger population. Znne2,
Chuckatuck. Height, 6.005 mm.

Family Vexillidae

Genus VexiUunr Roding, 1798
Small, high spired shells with axial ribbing stronger than
spiral. Columellar folds prominent.

423. Vexillwn elaboratwn (H. C. Lea, 1843) (Synonyms:
Pyramidella elaborafinn H. C. Lea, 1843; Mitra sp. Dall,
1890; Mitra holmesii Dall, 1890; Mitra dalli Gardner and
Aldrich, l9l9; Milra wandoensis Holmes of Mansfield,
1930, not of Holmes, 1859; Mitra hosfordensis Mansfield,
l93O; Mitra hosfordensis libertienskMansfield, 1930; Ver-
illwn (Uromitra) healeyi Fargo, 1948). Shell very small,
slender, solid. Whorls 7-8. Axial sculpture of 14- l8 narrow,
sraight or sinuous ribs with wider interspaces. Spiral
sculptwe of 6 !o 9 narrow threads on spire whorls, 14 !o l8
on the body whorl; spiral sculpture restricted to axial
interspaces. A sEong spiral groove divides the body whorl
inlo an upper, more finely-sculptured, and a lower, more
strongly sculptured portion. Columella with three plaits.
Zone 2, Petersburg, Williamsburg, Chuckatuck, and
Smithfield. Height, 7.96 mm.

V. elaboratwnis rare in the VirginiaYorktown, butthe
small population at hand is exceedingly variable, easily
justifying the synonymy listed above. Remarkably, Gardner
and Aldrich, lvlansfield, and Fargo all claimed "Mitra sp.
Dall, 1890" as the firstreference to their species. I agree.

4V4. V e xillum re t i culat unt @mmons, I 858) (S ynonyms: V.
mauryi (Olsson, 1916); V. wandoensrs (Holmes) Gardner,
1937, not of Holmes, 1859). Shell very small, cylindrical,
solid. Whorls 6, constricled just below the suture. Axial
sculpture of 32-36 n.urow, closely spaced riblets. Spiral
sculpture of slightly finer threads, 16-18 on the body whorl,
whichareconfinedto theaxialinterspaces. Zone2, Smithfield,
Chuckatuck; Chowan River at Chesapeake. Height,4.61
mm.

Dall ( 1 890) and Mansfield ( I 930) state that Pyramidella
reticulata Emmons, 1858, is preoccupied, but do not indi-
cate by what name, date, or author. I can find no earlier usage
in Pyamidella or Vexillurn Both Dall and Mansfield placed
all vexillids in"Mitro" and here there is an earlier usage,
Mitra reticalctc (Roemer, 1841) Orbigny, 1850. Until
Roemer's taxon is shown to belong toVexillwn, Emmons'
name should remain valid.

The Pleistocene and Recent V. wandaensls (Holmes,

1859) is a similar and probably descendant species. It has

fewer (26-30) axial riblets, and is less constricted below the
suhrre. Holmes' illusradon is totally inadequate, but Dall
(1890) provides a definitive discussion of the type, and
Abbott (1974\ provides a figure ofa typical Recent speci-
men.

Family Volutidae

Genus Scaphella Swainson' 1832
(Synonyms: Maculopeplem Dall, 1907; Scaplvllopsis
Petuch,1988)
Medium !o large shells with an inflated body whorl and three
or four columellar folds. Usually spotted and highly pol-
ished.

42-6. Scaphella solitaria ricei Canpbell, new subspecies.
Shell of moderate size, thin, fragile. Whorls 6-7; shoulder
sloping from the suture, not tabulate. Shoulder periphery
unkeeled, with low, nodulose undulations. Zone l,
Williamsburg and Carter's Grove; Znne2, Hampton. and
Chesapeake. Type locality: Rice's Pit, Hampton, Virginia.
Height, 29 mm. The new subspecies is very rare, a little more
frequent at Rice's Pit.

AZnne I specimen in the Robert Dillon collection from
Carter's Grove is a little heavier, but otherwise typical. S.

solitaria solitaric (Conrad,1830) from the St. MarysForma-
tion in Maryland has a tabulate shoulder and a granulated
keel at the periphery, a morphology which extends back into
the Calvert fauna (Martin, 1904). The likely descendant of
the lineage is the recent S. florida (Clench and Aguayo,
1940), found in deep water off Florida.

Supposing that true Scaphella solitaria came from the
Yorktown Formation, Petuch (1988:76) has named the
Calvert Formation population Scaplwlla coronaspira and
tlre St. Marys Formation populati on S cap lulla s anctaemariae.
However, the type of Scaphella solitaria carne from the St.
lvlarys Formation (Conrad, 1830), leaving the Yorktown
form in need of a name.

Etymology: named for William Rice.

GenusAzrfzta H. & A. Adams' 1853
(Synonyms: Volutifusus Conrad, 1863; B athyaurinia
Clench and Aguayo, 1940).
Narrow, thin, fusiform shells with long, narrow apertures.
Colorpattern ofreddish brown, squarish orrectangular spots
arranged in spiral rows. Color often preserved in the fossils.
The tendency n glaze the exterior ofthe shell is inconstant
at the species level in A. mutabills, and therefore has no
generic status. A number of Recent systematis8 prefer to
synonymize Aurinia with Scaphella.

427. Aurinia mutabilis (Conrad, I 834) (Synonyms: Voluta
lamberti Sowerby of Morton, 1830, not of Sowerby, 1816;
Awinia fu.bia (Brodeip) of Dall, 1890, 1903, in part,
Pliocene records, not of Broderip,1827; ? Aurinia stiata
(Gabb, 1873); Aurinia matabilie (sic) Conrad of Berry,
1932; Volutifusus acus Petuch, 1988; Volutifusus asheri
Petuch, L988;Volutifusus marylandicus Petuch, 1988; and
V olutifnsus me ganucul usPetuch, I 988; yo lutifusus sp en gleri
Petuch, 1991). Shell large to very large, nanow, fusiform,
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thin, but strong. Whorls 6-10. Nuclear whorls bulbus,
consnicted below the proloconch. Axial nodes and angular
shoulder sometimes present in sub-adult whorls. Adult
shoulder rounded, smooth. Spiral sculpture of very fine,
crowded striations. Colorpattern commonly preserved, of
8-10 rows of rectangular, red-brown dots, about 10 dots per
spiral row on the body whorl. Both color pattern and
striations masked in glazed specimens. Columella with two
narrow, oblique folds whichbecome obsolete attheaperture.
Columella and siphon may be straight or twisted to ttre left.
Tnne2,rare but ubiquitous. Height exceeds 150 mm.

Dall (1890) made a distinction between left-twisted
columellas which he assigned ta A. matabilis, and sraight
columellas which he assigned to A . dubia (BrodLerip , 1827) ,
the Recent genotype. I resrict A. dubia ta the Recent, but
recognize that variation in A. mutabilis parallels that of the
A. dubiacomplex. If such recent forms asA . kieneri Clench,
1946 and A. georgiana Clench, 1946, arc validly synony-
mized with A . drbic, as some modern systematists have done
(see Abbott, 1974), then the range of Recent variation
exceeds and encompasses that of A. mutabilis and A. obtusa
morphologies, leaving no basis for segregating the fossil and
recent species. In my opinion, multiple species do exist in
theRecent, and theyare notconspecific with the fossil taxa.
The synonymizng of A. striata (Gabb, 1873) is tentative,
pending comparison of adult specimens. Pilsbry's (1921t.
figure of A. striata couldeasily pass for a broken juvenile of
A.mutabilis.

A. mutabilis was a frequent prey of crabs, leaving a
characteristic "band-schnift" breakage pattern around the
middle of the body whorl.

Petuch (1988a) has recently split the Maryland popula-
tions, proposing four new species-level taxa. Awinia sp-
cies are typicallyboth rareand variable in the fossil deposits,
inviting holotypic splitting. Yorktown populations from
Chuckatrrck and Chesapeake show mostof the morphologies
segregated by Peuch along with complete intergradation.

428. Aurinia obtusa (Emmons, 1858) (Synonyms:
Volutifusus rypzs Conrad, 1866; A. virginiana "Conrad
manuscript" Dall, 1890; not Aurinia ryprs (Conrad) of
Martin, 19M, pl. 44, frg. l0; not A. obtusa (Emmons) of
Gardner, 1948, pl. 36, fig .10; Scaphella conradianaMarttn,
1904). Shell large, fusiform, inflated, smooth and glossy,
thin. Whorls 6-8, comple[ely coveredby a thin glazeof shell.
Axial nodes at shoulder of earlier whorls, becoming obsolete
after 2-3 post-nuclear whorls. Outer lip thin, curved forward
in an even, rounded arc. Columellar plaits 2; color pattern
of 14 to 16 narrow rectangles per spiral row, the paEern and
fine spiml striations gsrrally masked under the veneer of
glaze. Zone 2, Williamsburg, Yorktown, Hampton,
Chuckatuck, Suffolk, and Chesapeake; Chowan River of
Chesapeake. Height, 87 mm.

The presence of glaz,e, which is occasional in A.
milabilis,is characterisitic of mostA. obtusa. A. obtusais
consistently more inflaled, with more color spots per whorl,
and with smaller and more numerous axial nodes on the early
whorls. The nuclear whorls ofA. obatsa arc greatly inflated,
the feature responsible for the name.

I have collected probable A. obtusa in the Calvert
Miocene of Plum Point" Maryland, but the shell figured by

Martin, 1904, as A. obtasais a separate and distinct species
found also in the Eastover Formation at Bowler's Wharf on
the Rappahannock River. The latter is a broader shell, with
a smaller protoconch, coarser axial nodes, more prominent
columellar folds, and adifferent shell outline. Ward (1992)
argues that the lvlaryland species with "obtrsa' morphology
is adifferent species, and that thename.9c aphellavirginiana
Dall, 1890, should be applied to the Calvert and Choptank
taxon.

Sexual dimorphism is occasionally expressed in the
shells of gastropods. A. obtusa might be interpreted as the
more inflated, female equivalent of the male A. mwabilis.
However, significant differences in geologic and geographic
ranges preclude this interpretation.

Gardner (1948,.261, pl. 36, fig. l0) refers to A. obtusa
with three columellar folds. These three fold specimens arc
now known from enough material to recognize them as a
separate species (see below).

429. Auriniasiznosa (Gabb, L862) (Synonyms: ?Turbonilla
demissa Conrad, 1834, type locality-Choptank River, MD;
Voluta sintosa Gabb, 1862, type locality-museum drawer;
Megaptygma sinuosa (Gabb, 1862) Conrad, 1863;
Megapty grrusrnrcsc (Gabb) Meek, 1864; Auriniatriplicata
(Dall, 1890); Auriniaobtusa @mmons) of Gandner,1948,
not of Emmons, 1858). Shell rare, gigantic, reaching 350
mm, fusiform, thin, rather fragile and mostly found as
fragments. Whorls 8-10, initially very slender, but becom-
ing inflated with adult growth. Nuclear whorlsbulbus. Axial
sculpture of about 20 slender nodes on the shoulder of early
whorls, becoming obsolete with continued growth. Spiral
sculpture of exceedingly fine crowded lines. Spiral sculp-
ture and color pattern not covered by glaze. Color pattern of
20 small, very narrow red-brown axial flamules per row,
number of rows on the body whorl indeterminable with the
material athand. Columellarplaits three,narrow,prominant,
the anterior plait distinctly larger. Znnel,Camp Wallace;
Zone 2, Hampton, Chuckatuck, Chesapeake, and
Southampton County. Heightof larger, incomplete figured
hypotype > 90 mm. This species is the type of the genus
M e gapty gma Conrad, I 863

Few species of Pliocene molluscs have been more
elusive or spectacular ttnn A. sinuosa (Gabb). The only
large, perfect specimens I am aware of were in the Rice's Pit
Museum in Hampton, Virginia. These specimens demon-
strated a maximum length of greater than 14 inches. Rumor
of other complete adults have circulated, but I have not been
able !o confirm them. The illusrated hypotypes are frag-
mentary, and the description above is of necessity based on
several partial specimens.

Turbonilla denissa Conrad, about 2 inches long, disap-
peared from the Academy collections, apparently about the
same time Gabb (1862) found his unlabled, 2 inch long
fragment in an Academy museum drawer. Gabb described
this specias in a work otherwise dealing with fossils from
Texas. Conrad's (1834) description implies but does not
requireacomplete specimen. No species matching Conrad's
description has subsequently been recovered from the
Choptank River. Conrad also had a penchant for occasion-
ally mixing up localities.

Dall's (1890) Awinia triplicata was described as a
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fiplicate variety of the normally biplicate Awiniatnutabilk
collected by Joseph Wilcox and held in the Wagner Free
Institute of Science collection in Philadelphia, Pennsylva-
nia. Gardner (1948) apparently illustrate.s the same Wilcox
specimen, noting "It bears the name, "A urinia obtwa" but is
doubtfully referable to that species" (Gardner, 1948:261 , pl.
36, fig. l0). This Natural Well specimen is now missing
(Spamer, 1989, written communication).

Gabb's holotype was initially decrepit and has now
deteriorated !o a few small fragments of body whorl and a
perfectly recognizable section of the large, triplicate colu-
mella. From the size of the columella, I estimate that the
original shell was at least 200 mm in total length. The state
of preservation was very puzzling, because the scant mate-
rial subsequently discovered was fragile but not deterio-
rated. However, Mr. Warren Blow of the Smithsonian
Institution has localed a Tnne I specimen from Camp
Wallace, Virginia, which shares the poor shell condition
shown by the holotype. I suggest that Gabb's specimen
probably came from Virginia Tnne I deposits, and that
Conrad's Twbonilla derzr'ssa references the same triplicate
specimen. As the latter cannot be established beyond
reasonable doubt, I suggest that T. demissa be treated as a
nomen dubiwn.

Slender, juvenile specimens with the bulbus protoconch
are remarkably close to the recently described Scaphella
macginnorwn Garcia and Emerson,1987, a Recent, tripli-
cate Awinia-form volute from deep water off Cabo Catoche,
Yucatan Channel, Mexico. This taxon further shares the
color pattern and microscopic sculpture pattern s of A. s intnsa.
They are extremely close, but satisfactory adult material of
both species must be discoveredbefore any synonymizing is
considered.

Family Cancellariidae

Genus Cancellaria Lamarck, 1799
Moderate sized, inflated, cancellate shells with prominent,
thin columellar folds.

430. Cancellaria depressa Tuomey and Holmes, 1856
(Synonyms: C. scalarins Conrad, 1865, non Lamarck,
1822; C. tabalata Gardner and Aldrich, 1919; C . reticulata
Emmons, 1858, not of Montfort, 1810). Shell small to
moderate size, solid, cancellate. Whorls 7-8; spire tabulate,
shoulder moderately to strongly angulate. Outer lip with l0-
12 spiral lines within; inner lip with two strong, thin plaits.
Larger shells have more rounded shoulders. Tnne 2,
Williamsburg, Hampton, Smithfield,and Chuckatuck. Height
29.6mm.

431. CancellariaplagiostomaConrad, 1834. Shell as in C.
depressa, but smaller, broader, witl coarser sculpture and
beading at the intersection of the spiral and lateral threads.
Known only from the type lot, this may be only a variety of
themore common C. dcpressc, in which case, C. plagiostona
would have prionty. 7nne2. "James River, Va" Height of
holotype,6 mm.

432. Cancellaria rotanda Dall, 1892. Shell of moderate
size, heavy, solid. Whorls 7-8. Spire high, evenly tapered.

Sculpture cancellate, spiral threads predominating. Aper-
ture with three heavy folds on the columella. Tnne 2,
Ilampton @ice's Pit). Height, 16.5 mm.

Subgenus Massyla H. and A. Adams, 1854
"Ovate, low-spired, sculpture of low,spiral threads; aperture
conracted anteriorly, with a truncated columella." (Keen,
1971: 653).

433. Cancellaria (Massyla) rapella Johnson, 1904 (Syn-

onym: C. propevenusta Mansfield, 1930). Shell small to
moderate in size, thin, fragile. Whorls 6-7, sEongly inflated
posteriorly; body whorl with about 25 spiral cords. Aperture
with two strong plaits. Siphonal canal narrow, constricted in
young specimens; becoming broader and stubbier with adult
growth. 7ane2, Chuckanrck. Height 13 mm.

Cancellariarapellc Johnson, 19M, was well figured in
the Nautilus (vol. 17, p. 143), but has been generally
overlooked. The holotype, WagnerFree Institute of Science
11597 was from Magnolia, Duplin County, North Carolina.
The species is rare at Tearcoat Branch, Sumter County,
South Carolina, but there is enough material in hand to
establish the conspecificity with Cancellaria propevenusta
IMansfield, 1930. Only a single Virginia specimen has been
recovered.

Genus Agatnr Petit, 1967
High spired cancellarids with deeply indented sutures.

434. AgatrixwilliamsiiPetit, 1978. Shell small, fragile, high
spired, loosely coiled, n:urow. Whorls 6-7. Axial sculpture
of about I 0 slightly oblique ribs per whorl. Body whorl with
12 suong spiral threads and wider inlerspaces; interspaces
may show an occasional secondary thread. Columella with
two oblique plaits. Zone 2, Ilampton. Height 17.4 mm.

Genus Trigonostoma Blainville, 1827
Moderate sized cancellarids with low spires and loose

coiling.

Subgenus Ventrilia Jousseaume, 1887
(Synonym: EmmonsellaOlsson and Petit, 1964)
Moderate sized, with a triangular aperture, and a deep,
funnel-shaped umbilicus. Whods flat or concave above the
shoulders.

435. Trigonostoma (Ventrilia) perspectiva (Conrad, 1834).

Shell small, thin, fragile, loosely coiled. Whorls 5-7,
triangular in cross section, with a wide, deep channel at the

suture. Axial sculpture of 16- 18 prominent ribs with wider
interspaces. Spiral sculpture of crowded, alternating coarse
and fine threads. Aperture triangular, with 3 plaits on the
columella. Umbilicus narrow, deep, with coarse spiral
threads. Tnne 2,W ilhamsburg, Hampton, Chesapeake, and
Smithfield. Height 16 mm.

436. Trigonostoma (Ventrilia) tenerum carolinensis
@mmons, 1858) (Synonym: T. antiqtn(Dall, 1898)). Shell
of moderate size, thin, fragile,loosely coiled. Whorls 6-7,
triangular in cross section. Sculpture of 6'7 noded spiral
cords and uniform spiral lines on the shoulder, body, and



umbilicus. Umbilicus wide, very deep. Aperture with 2
plaits on the columella.
TnneZ,Chesapeake. Height (incomplete) 20 mm.

T. t. carolinensis differs from the Recent T. tenerwn
only in attaining a larger size andhavier shell. Subadult ?"
t. carolinensis have been compmed with aRecent shell from
off Charleston, South Carolina and were found to be virnrally
identical. Dall (1898) simply validated the unpublished
names of Wagner from the 1840's.

437 . Tri gono stoma (V entrilia\ smithfieldensrs Oleksyshyn,
1960. Shell small to moderate in size, thin, fragile,loosely
coiled. Whorls 6-7, triangular in cross section. Axial and
spiral sculpture as in T. perspectiva. Suture narrowly
channeled.

In comparison with T. perspe ctiva,T. smithfieldensis is
supposedly larger, with greaterrelative height and narrower
suture channels. These differences may be factors of
onlogeny or population variation, but there are not enough
specimens available at present to settle the question.
7,one2, Smithfield (type locality). Height, 19 mm.

Subgenus Extractrix Korobkov, 1955
Trigonostomas with open coiling in subadult and adult
whorls.

438. Trigonostoma (Extractrix) lwerleiOlsson, 1967. Shell
small to moderate in size, thin, fragile, open-coiled. Whorls
5-6, becoming detached after the frst 34; whorls triangular
in cross section. Axial sculpture of L2-14 riblets which
project beyond both the shoulder and umbilical margins as
nodes or low spines. Spiral sculpture of fine threads on the
spire and umbilicus, becoming coarser on the sides of the
whorl. Tnne2,Chuckatuck. Height of illustrated specimen,
6 mm, width 8 mm.

Fam ily lvlargin ellidae

Genus B ullata Jousseaume, 1875
Moderaie sized, elongate shells with a thickened outer lip,
involute spire, and prominent columellar plaits.

439. Bullata antiqtn (Redfield, 1852). Shell of moderate
size, narrow, parallel-sided, dorsovenEally compressed,
smooth. Spire concealed. Aperture long, narrow, with four
srong, oblique plais on the inner lip. Outer lip rhickened
and denticulate. Tnne 2, Petersburg and Greenville, Pitt
County. Height of holotype 28 mm, width, 14 mm.

Redfield's Petersburg type locality, and Greenville, Pitt
County (Gardner, l%8) are the only Virginia Yorktown
records of this common Duplin species. Mr. Bill Hale has
shared specimens from the Yorktown of Tartioro, North
Carolina Bullata taylori (Olsson, 1916) differs only in
being about a third larger, and is likely a synonym.

B. popenoei (Mansfield, 1930) was synonymized with
B. taylori by Olsson (1967). It is an even larger shell with
a flattened spot on the spire, a wider aperture, and a more
inflatedoutline. Itwouldbeconsidereddistinctif theRecent
type of the genus, Bullata bullata (Born) did not show the
same range of morphologies and size variation.

VIRGINIA DIVISION OF MINERAL RESOURCES

Subgenus Microspira Conrad, 186E
As in Bullata, but with a low point of spire projecting, and
typically more inflated.

440. Bullata (Miuospira) oviformis (Cornrad, 1868). Shell
of moderate size, elongate-ovate, smooth, thin, and fragile.
Spire low, polished, with a very small, conic apex. Aperture
fairly wide, sinuate. Outer lip thickened, finely denticulate.
Inner lip with four oblique pl aits. TnneL,rareatWilliam sburg
and Yorktown, more common at Rice's Pit in Hampton.
Height 34.8 mm.

This specias is apparently resaicted to lower Zone 2
sediments.

Genus Dentimargo Cossman, 1899
"Small, biconic, generally with a strong denticle on the
posterior part of the outer lip and a series of smaller ones
anteriorly" (Keen, 197 L:633).

441. Dentirwgo aureocincta (Stearns, 1872) (Synonyms:
Muginella auricincta (sic) Stearns of Mansfield, 1935;
Dentimargo polyspira (Olsson and Harbison) of Ward and
Blackwelder,1987, not of Olsson and llarbison, 1953).
Shell minute, slender, high spired, polished, smooth. Whorls
4 12; suture indistinct, with or without a slight constriction.
Outer lip very slightly thickened, smooth within, or with a
low, posterior denticle. Inner lip with four oblique plaits.

The fossil and recent populations extensively overlap in
their range of variation, and I can find no constant trait by
which they can be distinguished. Zone 2, ubiquitous.
Height 3.31 mm.

442. Dentimargo chesapeatezsrs Campbell, new species.
Shell very small, fairly slender, high spired, smooth, pol-
ished. Whorls 5; suture sftongly constricted, shoulders
prominent. Outer lip slightly thickened, smooth within.
Inner lip with four slightly oblique plaits. Upper beds,
Chowan River Formation at the Deep Creek pit, end of
Cookes Mill Road, City of Chesapeake (type and only
known locality, not uncommon). Height 5.27 mm.

D. chesapeakensls was at first referred to D. schmidti
(Olsson, 1916), but an examination of Olsson's type (figwe
44?a) provedthatD. schmidti is amuch larger, Duplin shell
identical with D. macronuclea (Gardner, 1948). D.
chesapealrcnsis resembles D. aureocincta, but has a broader
shell, a much more tabulate spire, and is about a third larger.

Etymology: named for the type locality.

443. Dentimargo eburneola (Conrad, 1834) (Synonyms:
Margbulla denticulata Conrad, 1830, not of Link, 1807;
M ar g ine I I a e I ev at a Emmons, 1858; M ar g ine ll a de nt i c al at a
clarksvillensis Mansfield, 1930). Shell very small, high
spired, polished, smooth. Whorls 4 ll2-5; spire weakly
turreted, suture constricted, shoulder gently rounded. Outer
lip thickened, denticulate within, posterior denticle largest.
Inner lip with four strong, oblique plaits. Zone l,
Williamsburg. Zone 2, Williamsburg, Chuckatuck,
Yorktown, Smithfield. Height 9 mm.

Genus Prunum Hermannsen, 1852
Small to medium sized, cylindrical to inflated marginellas
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with a low, conic spire. The typ, P . prunarz (Gmelin, I 79 I ),
is a thinner, larger, more cylindrical shell, quite unlike the
squat, solid, biconically tapered "Prununf'found so com-
monly in the fossil and Recent faunas of the southeastern
United States. Convention is followed here, although I am
not completely satisfied it is best usage.

444. Prunwn bellum (Conrad, 1868) (Synonym: P.
rushmerensis Oleksyshyn, 1960). Shell small, solid, cylin-
drical, biconically tapering, smooth and polished. Whorls 4
l2: spke high, conic. Outer lip thickened, with a strong
inward flexure. Columella with four strong, oblique folds.
Zone 2, Petersburg, Williamsburg, Chuckatuck, and
Smithfield. Height 13 mm.

P . bellum stands iniermediate between a skinny P runwn
and a stout Vo lvarina,andits generic placement is somewhat
arbitrary. It has a simple, elegant outline which has been
repeated many times in the evolution of the Marginellidae.
Dall (l 890) described two supposed subspecies, Mar ginella
bella bellula, and M. b. inepta, from the lower Miocene
Tampa silex beds. They are distinct from P . bellum,prope,rly
restricted. More subspecies were erected by Mansfield
(f930), as M. b. tersa and M. b. hosfordensis. Both are
distinct M. tersa is, however, apartof the York0own fauna
(see # 451). P. bellum,propdy restricted, has an adult size
range of 10 0o 14 mm compared withVolvarina tersa at7 to
9 mm.

The name, Prunum bellwn, has been applied to a much
smaller,6 to 7 mm, Recent shell (Abbou, 1974:250, species
2728a, ftg.272-6a). A specimen of this form from off
Charleston, South Carolina, possesses much the same out-
line as rypical P . bellum,bat is adult at 6 mm., is proportion-
ally more slender, and lacks the pronounced flexure of the
outer lip. It is a distinct and aparently unnamed species.
Other Recent records of P. bellum are likely based on
Volvarina succinea (Conrad, 1846). Olsson and llarbison
(1953, pl. 30, fig. 5) illustrate the type of V. saccinea,ashell
as large as, and of ttre form of , P. bellum, but with smaller
folds placed much lower on the columella.

P. rushmerensrs is identical with P. bellum except for
the colorband which is an artifactof preservati on. Mu girulla
exilis H. C. Ira, I 843, not of Gmelin, 179 1, was based on a
very early juvenile stage of either P. bellum or V . tersa, and
at that stage cannot be assigned to either with certainty. It
is therefore a nomen dubium.

445. Prunum lirnatulum (Conrad, 1834) (Synonyms:
Marginella (Egoucna) apicina (Menke) of Gardner, 1947,
not of Menke, 1828; Pruruun limulwn (sic)Conrad of DuBar
and others, 1980.) Shell small, solid, smooth, polished.
Whorls4-5, spire very short, conic. Outerlip thickened, wit}
a slight central flexure; lip denticulate within. Inner lip with
four columellar folds, and a parietal wash thickening poste-
riorly. Colorpattern of large round spots preserved in some
specimens. 7one2, ubiquitous. Height 13 mm.

Although somewhat similar in form, P . ap i c inum of the
Recent faunas never show the spotted pattern characteristic
of P. limatulum. P . limatulum has also been confused with
or synonymized with the next species.

446. Pruruun roscidum (Redfield, 1860). Shell as in P.

limatuh*n,but larger, with a proportionally higher, larger,
more tabulate spire. Living malerial shows a color pattern
of smaller and less regular spotting. Chowan River at
Chesapeake. Height 15 mm.

P. roscidwn has variously been considered a recent,
junior synonym of P. limatulum,andas a species in its own
right, the larer opinion being the present consensus. How-
ever, theadult sizerange necessitatedby considering the 8.5
mm P. beali McGinty, I 940, to be a synonym of P . ro s cidurn
makes thedistinction between P. limatulum and P. roscidurn
less certain. All three are here considered to be separaie
species.

447. Prunurn virginianum Conrad, 1868 (Synonym:
Marginella contracta Conrad of Campbell, 1976, not of
Conrad, 1870; not P. virginianwn Conrad of Gardner,
1937). Shell small to very small, smooth, cylindrical,
tapering, polished. Whorls 4; spire very low,broadly conic.
Outer lip thickened, very gently inflexed, smooth within.
Inner lip with four oblique folds. Parietal wash thin. Zone
2, Williamsburg, Yorktown, Hampton, Chuckatuck,
Smithfield and Chesapeake. Height 9.5 mm.

P. virginiannm differs from P. limatularn in being
smaller, more cylindrical, relatively more narrow, and in
having a non-denticulate outer lip.

P. contracta(Conrad, 1870) (new namefor Marginella
constricta of Emmons, 1858, not of Conrad, 1835) is the
upper Pliocene, Waccamaw descendant. The Waccamaw
shells are usually smaller than P. virginianurn, have
subparallel sides, and have greater constriction at the mid
point of the body whorl. The Recent shell often inconectly
calle.d Prwwn virginianum completes this lineage. The
Recent shell is shorter, as in Prunum contracfzrn, but returns
to the rounder outline of P. vir ginianwn. The Recent shell
typically shows a weak, narrow colorband below the suture
and another below mid-whorl. No trace of color pattern has

been found on the fossils.

Genus Gibberula Swainson, 1840
Shells minute, solid, low spired; with spiral lines deep within
the outer lip.

44$. Gibberala lavalleeana (Orbigny, 1842) (Synonyms:
Marginella minuta Pfeiffer, 1840, non Gray, 1826; M.
conulus H. C. Lea, 1843). Shell minute, solid, cylindrical,
smooth and polished. Spire very short, but visible. Outer lip
with spiral lines internally, best seen in broken specimens.
7nne 2,P etersburg, Williamsburg, S mithfi eld, Chuckatuck,
Chesapeake. Height2.77 mm.

I have compared fossil and Recent populations of this
species and find no significant differences in size or form.
ldartin (1904) has referred a specimen from the Maryland
Miocene to this species also, but his figure (plate )OIV, fig.
4) does not appear conspecific.

Genus Granula Jousseaume, 1875
Very small, solid shells with a low, unconcealed spire and a
notch at the base of the aperture.

449. Granula sp. Shell minute, smooth, very solid, moder-
ately inflated. Spire very low, not concealed. Inner lip with
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four columellar folds. Outer lip slightly thickened, smooth
within. Anterior siphonal notch very shallow. Chowan
River beds, Chesapeake. Height 3.489 mm.

Of the other Virginia species, this species most re-
sembles Gibberala lavalleeana (Orbigny) but it is nearly
twice the length, is relatively more broad, and lacks spiral
lines within the aperture. Granula ocelhrs (Dall, 1927\,the
only Recent Western Atlantic Granula cited by Abbott
(1974), is even larger, and is only known from 294 fathoms
off north Florida.

Genus Persiczlc Schumacher, 1817
Shells small, solid, inflated; spire low, frequently concealed.
Columellar folds numerous; outer lip thickened, commonly
denticulate within.

450. Persicula ovulaConrad, 1870 (Synon yms: M. ovata
Emmons, 1858, nonLea, 1833; P. gravida(Dall,1890); not
Mar g ine ll a ovrlln Sowerby, I 846). S hell small, very solid,
inflated, smooth. Spire concealed. Inner lip with 5 ao 8
columellar folds, decreasing in size posteriorly; out€r lip
thickened, denticulate within. Zone 2, Williamsburg,
Smithfield and Chuckatuck. Height 8.89 mm. Olsson and
Ilarbison (1953:159) discuss the Confused nomenclahrre on
this species.

Genus VolvarinaHinds, 1844
"Shell cylindrical to conic, without an anterior notch. The
spire may be low to slightly elevated" (Coan and Roth in
Keen,1971:635).

451. Volvarina tersc (lv1ansfield, 1930) (Synonyms: ?

Muginella amcricana Comad, 1838; Volvarina avenacea
Deshayes of Campbell and otrers, 1975, not of Deshayes,
1844). Shell small, cylindrical, very elongate, smooth.
Spire elevated. Outer lip slightly thickened, smooth within,
not medially flexed. Tnne 2, Williamsburg, Chuckatuck,
Smithfield and Chesapeake. Height 7.53 mm.

V. tersa is more highly spired and posteriorly tapered
than the Recent V. avenacea. Prunurn bellurn Conrad is
larger, more swollen at the shoulder, more tapered, and the
outer lip is inflexed.

Conrad (1838) figured his Mcr ginella americana with-
out description or locality, and later (1861) stated that the
specimen was lost Dall (1890) assigned the species to
Marginella columba (1. Lea, 1833), but Conrad was careful
!o screen Eocene material out of his "Fossils of the Medial
Tertiary". Of all Neogene species in hand, Conrad's figure
mostresemblesVolvarinatersa. However, the figure is too
broad in comparison withVolvarina tersa, and Marginella
anuricana must be considered a nomen dubiutn.

Genus Granuliru Jousseaume, 1888
Shells minute, solid, inflated. Spire concealed, aperhrre
running the full length of shell. Granulina species most
resemble minute cowries. Most systemists have recognized
a single, Reent westem Atlantic and Caribbean species, G.
ovuliformis (Orbigny, l&t I ) from continental shelfdeposits.
However, after examining several offshore populations from
SouthCarolina,I am convinced ttratDall (1889) was conect
in recognizing at least three species in these waters. Sorting

out the Recent disributions confounded under the single
species concept are beyond the scope ofthis paper.

Gary Coovertof the Cleveland Museum in Dayton Ohio
has shared a manuscript survey of the Recent Western
Atlantic Granulina which defines the true G. ovulifurmis
(Orbigny) and restricts its disribution to the Caribbean. The
common shallow shelf species of the sou0reastern coast is G.
naaiia. Coovert (1988, personal communication) suggests
that the Virginia Yorktown specimens are probably conspe-
cific with G.lwdria.

Granulina spuies have a geologic range in the weslern
AtlanticbacktotheMiddleMiu,ane(G.pyrenoidcs(Cnrdrne4
1937)) and are a common, although often overlooked,
component of the Mediterranean, western Atlantic and
eastern Pacific faunas. In the Australian region, a host of
species of this morphology are usually assigned to
Micro ginella Laseron, I 957.

452. Granulina rrunsfietdi Campbell, new species (Syn-
onyms: Granulina dacria (Da11) of Mansfield, 1930, not of
Dall, 1892; Granulina ovuliformis (Orbigny) of Ward and
Blackwelder, 1 987, not of Orbigny, 1 842). Shell very small,
but gigantic for the genus; oval, solid, outer shell layer worn
in all specimens. Spire involute, completely covered; outer
lip thickened; inner lip with four large, oblique plaits.

Type locality is the upper bed, Chowan River Forma-
tion, Deep Creek pit at the end of Cookes Mill Road,
Chesapeake, Virginia. Height 4.1 mm.

This species resembles G. hadria @all) but is twice as

large. True G. dacria (Dall) from the Waccamaw is even
larger, is relatively more produced posteriorly (teardrop in
shape), is narrower, more dorsoventrally flattened, and is
more heavily calloused around the aperture. Granulina
nansfieldirstarein the Duplin, Jackson Bluff, and Chowan
River faunas.

Etymology: named in recognition of the work of
IMansfield who first figured this species.

453. Granulina virginiana Campbell, n. sp. (Synonyms:
Granulirw amiantula @all) of Camptell and Campbell,
1977, notof Dall, 1890; G. ovuliformis (Orbigny) of authors,
not of Orbigny, l84l). Shell minute, oviform, polished.
Whorls completely enveloped, resembling a minate Cy praea.
Surface smooth, or with microscopic striations. Aperture
curved, extending the full length of shell. Small denticles
line the complete length of the outer lip. Inner lip with four
plais low on the columella . Tnne l, Williamsbwg. 7nne2,
ubiquitous. Chowan River, Chesapeake. Height 2.45 mm,
This is a luger, heavier, and less inflated shell than the
Recent G. ovuliformrs (Orbigny, 1&41).

Late Note: This species is listed in the appendices as G.
hadria (Dall, 1889). Gary Coovert (1992, personal commu-
nication) has examined the Virginia fossils and has deter-
mined that the species is close to, but distinct from, G.
hadria.

Superfamily Conacea
Family Conidae

Genus Conus Linnaeus, 1758
Small to very large, conic or biconic shells with a long,
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narrow aperture and thin outer lip. The living snails are
active predators and are often poisonious.

454. Conus adversarius Conrad, 1840 (hobable synonyms:
C. tryoni Heilprin, 1 886; Contraconus lindajoyceae Petuch,
l99l; Contraconus osceolai Penrch, l99l; Contraconus
sclwtidtiPetach, 1991). Shell large, thin, conical, sinistal.
Whorls 7-9. Spire typically low but highly variable, espe-
cially in the Pinecrest beds. Body whorl with spiral threads
on anterior third. Znne 2, Williamsburg, llamplon and
Southampton County. Height reaches 100 mm. This
complex requires a thorough quantitative biomeric sqrvey,
and I consider it premature !o n:rme any typological species
within it until such work is done.

455. C onus marylandicus Green, I 830 (Synonyms: C onus
diluvianusGren ofEmmons, 1858, notof Green, 1830; not
C. trurylandiczs Green of Olsson and Harbison, 1953;
Conus stearnsi Conrad Parodiz,1977 ,notofConrad, 1869).
Shell small to moderate in size, thin, rather strong, dextral,
conical. Whorls 8-10. Sides of spire concave. Nuclear
whorls high spired. Sculptured with about 12 spiral grooves
on anterior half of body whorl. Color paftern of about 20
spiral rows of small, square dots. Zone I, Williamsburg, and
Middlesex County; Tnne 2, Williamsburg, Hampton,
Chuckatuck, Smithfield, and Chesapeake. Height 32 mm.

Family Terebridae

Genus TerebraBruguiere, 1789
The auger shells are elongate, exceedingly high spired shells
with a pronounced columella and an anterior siphonal notch.
The genus superficially resembles Turritella.

456. Terebra sp. cf. T. btateiMansfield, 1937. Shell of
medium size, thin, fragile. Spire high, whorls 8+, spire angle
8.5 degrees. Axial sculpture of 24 narrow, sinuous ribs per
whorl. Spiral sculpture of a single sEong subsuhrral groove
and fine, uowded lines, becoming somewhat stronger at the
base of the whorl.

Mansfield's type specimen is smaller, has fewer and
stronger axial ribs (20 instead of 24), and has the spiral
groove at mid-whorl. Because of these differences, the
identity of the Yorktown specimens must be considered
tentative until largerpopulations become available. 7nne2,
Ilampton. Height (incomplete) 36 mm. Rare at Rice's Fit.

. Terebra carolinensis (Conrad, 1841). Reported by
Gardrter, 1948, from Suffolk. This is probably an error for
461 (see below).

457. Terebra sp. cf. T. concava (Say, 1826) (Synonym:
Tu,rrilella concava Say 1826, non Sowerby, 1827). Shell
small to moderate size, thin, rather sturdy. Spire high,
whorls 11, gently constricted medially; spire angle 13.5'.
Axial sculpture of 26 n 30 nodes per whorl immediately
above and below the suture. Spiral sculpture of coarse
threads, strongest at mid-whorl between the nodes; spirals
often developing a medial groove on the body whorl.

Compared with Recent T. concava, the Yorktown
fossils are larger, have less concave whorls, and havecoarser

spiral sculpture and weaker nodes. 7-one 2, Chuckatuck,
Chesapeake. Height 26 mm.

458. Terebra emmonsii emtnonsiiDall, 1896 (Synonyms: T.
neglecta Emmons, 1858, non Michelotti, 1847; T.
robesonensis Gardner, 1948). Shell of moderate size, in-
flated, thin, rather variable. Whorls l0-12, spire angle22".
Axial sculpnrreof 12-15 ribs, becomingobsolelein the later
whorls of some specitnens. Spiral sculpture of a subsutural
groove, and shallow, incised lines between the axial ribs.
Spiral sculpture weak or obsolete in some specimens. Zone
2, Hamplon, and Chesapeake. Height 29 mm.

This species is common only at Rice's Pit where the
population is rampantly variable. Juvenile shells are rela.
tively more inflated and have coarser sculpture, duplicating
thesmall Duplin form named T.robesonensis Gardner,
L948. T. emmonsii grayi Gardner, 1948, (below) has weak
axial sculpture and spirals completely obs olete . T . emmonsii
lnrnptonensisCampbell, new subspecies, is larger, and lacks
both axial and spiral:sculpnre. It may warrant status as a
separate species. Virtually all authors, including Dall
himself (1896) have overlooked Dall's replacement name
for Emmons' homonym.

459. Terebra emmonsii grayi Gardner, 1948. Shell as in T.

e. emmonsii Dall, but wittr the spiral sculpture completely
obsolete.

Tnne2,Yorktown, Hampton. Height 3l mm.

460. Terebra ewrcwii lannptonensis Campbell, new sub-
species. Shell moderate to large, thin, smooth. Whorls 10

!o 12, slightly convex; spire angle 20 degrees. Axial
sculpture of growth lines occasionally coarsening ino a low
riblet on the early whorls. Spiral sculpture of a subsutural
groove only. Outer lip thin, broken. 7nne2,Hamp0on. (type
locality, Rice's Pit). Height 50 mm.

Etymology: named for llampton, Virginia.

461. Terebra indentaConrad, 1863 (Synonyms: T. dislocata
Conrad, 1 84 1, not of Say, 1822:?7. kissintnuensisMansfield,
192). Shell small to moderate in size, thin. Whorls I l- 12,

spire angle 16.5 degrees. Axial sculpture of 18 to 20 narrow
ribs. Spiial sculpture of a subsutural groove and coarse,
undulating threads in the axial interspaces; l0 to 12 spiral
threads in the upper whorls; 22 on the body whorl. 7ane2,
Wiliamsburg, Chesapeake, Suffolk, llampton, and Chesa-
peake. Height 30 mm.

Terebra inden c, the Recent and Pleistocen eT. dislocata
(Say, 1822), and Strioterebrum petiti Olsson, nonTerebra
petiti Kiene4 1843 (= T.dislocata olssoni DuBar, 1980,
nomen nudum, in DuBar and others, 1980, p. 217) are very
similar morphologically, and a careful, quantitative study of
populations will probably demonstrate them to be subspe-
cies or varieties of a single species. T. indenta is here
provisionally retained.

462. Terebrasp;, nearf. fudcntaCowad, 1863 (Synonym:
T. carolinensls Conrad Campbell, L976, not of Conrad,
1841). She[ as in T. indentaConrad, but with exceedingly
fine, wavy spiral lines rather than the coarse sculpture of
typical T. indenta. 7ane2, Suffolk, Hamplon, and Chesa-
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peake, Height26 mm. Shells in the ?. dislocatacomplex are
notoriously variable, but among the 30 or so specimens at
hand, no intermediate morphologies between the coarse and
fine spiral forms are present. The two are therefore consid-
ered separately.

T. carolinensls Conrad, 184 I , is a larger shell with still
finer axial and spiral sculpture. Gardner (1948) has figured
the type. A specimen from Tearcoat Branch, South Carolina
shows a microscopic pattern of wavy axial lines completely
covering the shell, giving the surface a silky textre. No
Yorktown terebras so far examined show this fait.

463. Terebra sp. A single badly worn and broken Terebra
has been recovered from the Chowan River beds at Chesa-
peake. The spire angle of 24' is greater than any of the
Yorktown species. The axial ribs are more narow than ?.
emmonsii emtnonsii,and the whorls are not so inflated.

Chowan River at Chesapeake. Height (incomplete) 14
mm.

Family Turridae

The turrids are a complex of small to fairly large
fusiform shells with a multitude of similar looking genera
and species. Powell (1966) established the modem basis for
turrid systematics with a review of 549 valid genera and
subgenera. Mclean (in Keen, l97I: 686-76) has revised
the family as found in the tropical Eastern Pacific, erecting
several new sub-families based on radular characteristics.
His organization of genera is considerably different from
that of Abbott (1974: 262-29O),whose analysis was assisted
by the late Virginia Maes, a turrid authority at the Academy
of Natural Sciences in Philadelphia. This work follows
Abbott. Mrs. Maes has kindly examined the York0own
turrids, suggesting generic affinities and comparing ques-
tionable forms with Conrad's types. Her support has been
invaluable, and is gratefully acknowledged. However spe-
cies descriptions, nomenclature, and synonymies are the
responsibility and work of the author, and credit for any
errors is mine alone.

The most distinctive tunid family attribute is the anal
sinus or arrrid nolch, an indentation of the outer lip at, orjust
below, the suture. The track of the sinus on preceeding
whorls typically leaves a.channel justbelow the suture. Most
Yorktown genera of turrids can be separated by the form of
the tunid notch, the form and sculpture of the nuclear
whorls, the presence or absence of a stromboid norch low on
the outer lip, the length and twisting of the siphonal canal,
and general patterns of sculpture. Turrid species are sepa-
rated on the basis of adult size, relative proportions, and
details of sculpture.

Subfamily Turriculinae

Genus l*ucosyrinxDall, 1889
"Shells I !o 3 inches, fusiform, with a tall spire. Protoconch
small, globular,2 smooth whorls. Adult whorls with axial
nodes on the periphery and with spiral cords below. Sinue
fairly deep, broadly concave. Outer lip arching forward"
(Abbott, 1974:?63).

_. Izucosyrinx nodulifera (Contad, 1862) (see Appendix
II). This Maryland Miocene turrid was originally described
from "Virginia" but has not subsequently been recovered
from Yorktown beds (see figure 465a). This species was
referred to Szrcula in the older literature. See Gibson, 1962.

-. 
Izucosyritu engonata(Conrad, 1862). (See Appendix

II). This is also a "Virginia" error for a St. Marys species.

Genus Cochlespira Conrad, 1855
'Shell white, up 0o 2 inches, fusiform, with a srong spiny
carina on the upper part of the whorl. S iphonal canal narrow
and long" (Abbotr, 1974: 265).

4&. Cochlespira sp. Shell of moderate size, exceedingly
thin and fragile. Whorl number unknown. Suture deeply
constricted. Spiral sculpture of a pnominent, thickened keel
ornamented with 20 sharp, uptumed spines perwhorl. There
is an additional spiral thread just above the keel, and fairly
strong oblique spirals on the elongated siphonal canal.

Known from a single, very fragmentary specimen. This
may have evolved from the smaller and more vigorously
sculptured C. (Tahuryriru) rotifera (Conrad, 1830) (see

Gibson, 1962a). The Recent C. radiata (Dall, 1889) is a
smaller, more delicate shell with more closely set spines on
the keel. Tnne l, Chippoaks Plantation near Surry, South
bank of the James River. Height (incomplete) greater than
30 mm.

Genus Pyrgospira Mclean, 1971
*Shell of medium size, high-spired, wi$t tabulate whorls,
shoulder concave, periphery with vertical nodes; sculpture
across the body whorl coarsely clathrale, anterior canal
short, stromboid norch deep" (Keen , 197l:7L3).

465. Pyrgospira tricatenaria (Conrad, 1834). Shell of
moderate size, high spired, sturdy. Whorls 9+, tabula0e
below the sutural groove. Spiral sculpture of two strong
subsutural cords, a prominent, concave turrid groove, fol-
lowedbyvery coarse spiral ribswhich diminish towards the
siphonal canal. Axial sculpture of 13 o 14 coarse ribs per
whorl; ribs initiate below the nrnid groove. The dominant
sculpture pattern is overlain by a microscopic pattern of axial
and spiral raised lines, the fine spirals strongest in the tunid
groove. Outer lip with a very broad, open, U-shaped tunid
notch.

Zone 2, Williamsburg, Hampton, Chuckaluck,
Smithfield, and Chesapeake. Height24 mm.

This species differs from all other Yorktown tunids by
its combination of relatively large size and strong sculpture.

Subfamily Mitrolumnainae

Genus Mitolumna Bocquoy, Dautzenberg,
and Dollfus, 1E83

Small, biconic, spindle-shaped shells with strong spiral
threads. No turrid notch present. The small southeastern
Neogene tunids previously assigned w Mitrorrcrplw by
various authors rather appear nbe Mitrolumna.

46f,.. Mitrolwnna smithfieldensls (Olsson, 1916). Shell
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minute, biconic, fragile. Whorls rounded ,5 l@incltdtng2
smooth, roundednuclearwhorls. Spiral sculpture of 8 strong
chords on the body whorl. Axial sculpture of 7 to 8 low,
widespaced, undulatory ribs and very fine lines of growth.
Aperture n&row. Turrid notch absent.

Tnne 2, Williamsburg, Chuckatuck, Smithfield, and
Hampton. Height 4.26 mm.

467 . Mitrolumna yadkinensls Campbell, new species. Shell
very small, biconic, fairly solid. Whorls gently rounded,5
l/2, including 2 small, smooth nuclear whorls. Spiral
sculpture of 12 evenly spaced threads on the body whorl;
interspaces wider than threads. Axial sculpture of exceed-
ingly low to obsolete, undulatory ribs, and microscopic,
crowded, raised lines of growth. Columella with three
oblique folds. The type specimen was victimized by a
naticid snail. Type locality, Deep Creek pit, end of Cookes
Mill road, nearYadkin,City of Chesapeake. UpperChowan
River beds. Height 4.49 mm.
Etymology: named for the community of Yadkin, Virginia.

Subfamily Clavinae

Genus Drillia Gray, 1838
"Shells fusifonn,..., with strong axial ribs. Spiral sculpture
of weak threads. Anterior canal short and straight. Sinus
spoutlike. 2lQnaclear whorls, smootl and small" (Abbott,
1974: 270).

468. Drillia (Drillia) chuclatuckznsrs Campbell, new spe-
cies. Shell small, slender, high spired. Whorls 12, including
1 l/2, nuclear whorls. Nuclear whorls large, rounded,
smooth. Axial sculpture of 9 knobby, oblique, evenly
rounded ribs which arise below the tunid groove. Spiral
sculpture of fine, crowded, incised lines mostprominent in
the subsutural turrid groove. Outer lip flaring, with open, U-
shaped tunid notch arising at the suture. Zone 2, Chuckatuck.
Height 17.5 mm. Type locality, former Lone Star Cement
Company pit, now Crane Lake, Chuckatuck, City of Suffolk;
upper bed, west wall.

Etymology: named for the village of Chuckatuck.

Subgenus Clathrodrillia DalI, 1918
"Fusiform, with a heavy, rounded varix at about 1/3 whorl
back from the aperture. Protoconch of 2 smooth whorls"
(Abbotr, 1974:270).

Drillia (Clathrodrillia) conradiazc Olsson, 1914.
(Synonym: Drillia distans Conrad, 1862, not of Conrad,
1860). D. drstcnsConrad, 1860 wasfrom theCretaceous. D.
distans Conrad, lS62, typelocality "Virginia", has not been
subsequently reported from ttre Yorktown or any other
Virginia formations. Gibson (1962a), however, reported D.
distans Contad, 1862, as common in the SL Marys faunas of
Maryland, where it is a junior synonym of Clathrodrillia
gracilis (Conrad, 1830). The "Vfuginia" type locality is
therefore considered dubious. (Appendix II).

_. Drillia (Clatlvodrillia) emrrcnsii Olsson, 1914. Syn-
onym: Pleurotoma tubercalata Emmons, 1858, non Pusch,
1 83 8). Olsson simply erected a replacement name. Gardner

(1948: 266) reported a specimen from Yorktown beds at
Suffolk, but her figure of a Duplin C. emmonsii does not
satisfactorily conform with Emmons' original figure, and
her Virginia report must therefore be considered equally
doubtful.

469. Drillia (Clathrodrillia) impressa (Contad, 1862) Shell
small, high spired. Whorls 8. Nuclear whorls 2, rounded,
smooth; first nuclear whorl infl ated, of diameternearly equal
0o the second. Axial sculpture of 12 low, oblique, narrow
ribs. Spiral sculpture of fine, impressed lines in the tunid
groove; lines becoming more prominent over the ribs and
body whorl. Outer lip flaring, with an open, U-shaped tunid
notch arising at the suture. A small stomboid notch is
present. 7nne2, Smithfield. Height 13 mm.

Genus Imaclnva Bartsch, 1944
"Relatively large, with a sEong noded periphery. ...the
nuclear tip is lateral and the second nuclear whorl is carinate.
Theanteriorcanal is elongate andatan angle !o theouter lip,
as in Kyft.r, but the back of the last whorl has a massive
thickened rib one-third of a whorl from the lip. No subsutural
beading on the last whorl" (Mclean in Keen, 1971: 699).

470. Intaclava lnlei Campbell, new species. Shell small,
solid, smooth and polished. Whorls 9 to 10. First nuclear
whorl smooth, rounded; the second with a strong keel. Axial
sculpture of 9 to I 0 oblique ribs which arise and are strongest
just below the subsutural turrid groove, becoming obsolete
overthe lower?3 of thebody whorl. Spiral sculpnrre of very
fine, microscopic, incised lines which are broken into a
pattern of connected and disconnected dashes. Outer lip
flaring, with a small but deep stromboid notch. Turrid notch
separated slightly from the suture, slightly constricted at the
aperture. 7nne2, upper bed, west wall, Chuckatuck, Vir-
ginia (type locality) and }Iamplon. Height 23.5 mm.

This species has previously escaped notice, possibly
because of its superficial resemblance to adwarf Cynato syriru
lunata (H. C. Lea). This is the frst report of ttre genus

Imaclava in our southeastern Neogene.
Etymology: named in recognition of the aid given by

Mr. William Hale, Portsmouth, Virgin ia, and his dedication
to the discovery of Yorktown fossils.

Genus Cerodrillia Bartsch and Rehder, 1939
"Shell small, axial ribs running from suture to suture,
angulate at the periphery, spiral sculpture of fine cords on the
base; anterior end truncate, columella twisted oward the
right; nucleus of two or three smooth whorls; shell brownish
or flesh colored with lighter axial ribs" (Mclean, in Keen,
I97r:704).

471. Cerodrillia simpsoni cingulata Gardner, 1848 (Syn-
onyms: Cerodrillia simpsoni lipara Fargo, 1953;
Cynatosyrira lunata (Lea) Ward and Blackwelder, 1987,
plate 45, fig. 5, not of Lea, I 843). Shell very small, smooth,
solid. Whorls 7. Nuclear whorls 2, smooth and rounded; no
keel. Sprial sculpture lacking. Axial sculpture of 12 slightly
oblique, sinuous, low and well-rounded ribs. Outer lip with
a very shallow rurrid norch. Tnne 2, Chuckatuck and
Smithfield. Height 7.7 mm.
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Genus Crassispira Swainson, 184{l
"Relatively large and slender; periosracum thick, dark
brown; aperture elongate, axial and spiral sculphrre subdued
across thebase; sinus moderately deep; parietal wall with a
callus tubercle; posterior part of the aperture narrowed above
the sinus into a vertical slot" (Mclran, in Keen, 197 l: 7 l5).

472. Crassispira pyre noides (Conrad, 1 834). Shell small,
solid, high-spired. Whorls 10. First nuclear whorl smooth;
second with numerous spiral grooves. Typical axial sculp-
ture initiated with the third whorl; consisting of l0 oblique,
sharp-edged ribs which arise and are most prominent just
below the tunid groove; becoming obsolete at the siphonal
canal. Aperture with a vertical notch above the U-shaped
turrid notch. Stromboid notch lacking. 7-one 2, Ilamp[on,
Chuckatuck, Smithfield (Gibson, 1962), and Chesapeake.
Height 18 mm.

Subgenus Crassisphella Bartsch and Rehder, 1939.
"Sinus deep, laterally directed, parietal callus directed down-
ward. Shoulder with subsutural thread. Axially ribbed and
spirally threaded" (Abbott, 197 4:273).

47 3. Crassispira (Crassispirella) v ir giniana (Cowad, I 834)
(Synonyms: ? P le uro toma mul t ise c ta Coruad, I 843 ( I 8aa);
P. elegans Emmons, 1858, non Defrance, 1826, Wood,
1828, Blainville, 1829, Sacchi, 1835, or Melleville, 1843;
Drillia cornelliana Olsson, 1916; Clavatula cornelliana
(Olsson) Gardner, 1948; not Mangelia vir giniana Conrad, a
Bellaspira). Shell small, very solid, high spired. Whorls 11
to 12. Axial sculpture of 18 to 20 narrow, oblique, sharp ribs
with wider interspaces. Spiral sculpture of a subsutural
carina and even spiral threads, 36 threads on the body whorl.
Spiral threads in interspaces only, notcrossing the axial ribs.
Aperture with a heavy callus above the turrid norch. Tunid
notch open, U-shaped.

Tnne 2, Williamsburg, Suffolk, Chuckatuck, and
Smithfield. Height 17 mm. The unique sculpture of this
atFactive species makes it immediately recognizable. No
other Yorktown species can be confused with it, which is no
small cliaim. This species was unfigured by Conrad and
overlooked by subsequent authors, but the holotype, figured
here for the frst time (Figure 473) is clearly conspecific with
the shells later described by Emmons and Olsson. Conrad's
description of P .mukisectais generally compatible with this
species, but the type is missing, and being unfigured, its
exact identity must remain uncercain.

Genus Sedilia Fargo, 1953
"Shell of moderate size,ll-20 mm: stoutly built, clariform,
with a very [all, more or less turreted spire, but a truncaled
anterior end. Protoconch blunt, of 2-2 U2 whorls, ttre first
whod or less dome-shaped, smooth, after which stout axial
riblets commence, crossedby spiral threads. Adult sculpture
of long, rounded axial folds, weak or absent over the
shoulder zulcus,and overriddenbynumerous spiral cords. A
weak o modera0e, smooth cord submargins the suture.
Aperture ovate-quadrate, terminated in a very short, broadly
and weakly notched anlerior canal. Outer lip thin at its outer
edge, with a moderately deep, broadly U-shaped sinus,
occupyiing most of the shoulder slope, and without a

stromboid notch below. Inner-lip callus with a free raised
edge and thickened above into a moderate entering callus
pad" @owell,1966:92).

47 5. S e dilia bella (Comad, I 862). Shell small, high-spired,
solid. Whorls 9, well-rounded. Nuclear whorls 2lZ;first
12 whorl rounded and smooth, the next whorl with fi ne axial
ribles.and one or two basal spirals; final nuclear whorl
cancellatp with axial and spiral riblets of equal shength.
Post-nuclear axial sculpture of9-10 rounded ribs per whorl,
overlain by exceedingly fine and crowded raised growth
linas. Spiral sculpture of coarse threads just below the suture
and in the turrid gloove; spiral threads alternating with
stronger spiral cords below the groove. Spiral sculpture
undiminished over the axial ribs. Outer lip flaring; tunid
norch deep, constricted at the aperture. Stromboid notch a
slight inflection of the lip. Tnne 2, Smithfield. Height l l
mm.

"Bella" is an appropriate name for this athactive
species. The sculpture is more elegant than that of the two
following species.

476. Sedilia belloides (Olsson, 1916). Shell small, high-
spired, solid. Whorls 9. Nuclear whorls 2, the first smooth
androunded, the second cancellate. Axial sculpture of9 low,
oblique, rather sharp ribs. Spiral lines in the subsutural turrid
groove; below the groove, coarse spiral threads irregularly
alternate with spiral lines of unequal strength. Tunid notch
as in S. bellabut deeper and more constricted. 7ane2,
Smithfield. Height 14 mm.

S . belloides recalls S. bella but is larger, with relatively
finer and much less regular sculpture.

477 . Sedilia rushrurensis (lvlansfield, 1929). Shell small,
solid, high-spired. Whorls 7. Nuclear whorls 2; the first
smooth andround, the second with numerous spiral threads
and very weak axial riblets. Adult axial sculpture incipient
with the third whorl, of l1 to 12 low, rounded, rather short,
obliqueribs. Spiral sculpnreof even threads in therelatively
broad tunid groove, coarsening to cords as the spirals cross
the axialribs. Spiral cords alternate with threadson the lower
half of thebody whorl. Outer lip flaring; turrid norch deep,
slightly constricted; sromboid notch only a slight inflection.
Tnne2,Rushmere and Smithfield. Height 8 mm (figured)
to 11mm (type).

Genus Carinodrillia Dail, 1919
"Shell ofmoderate size, shoulder concave, subsutural cord
wanting; axial ribs on the early whorls relatively few,
tending o be continuous from whorl to whorl; spiral sculp-
ture weak or obsolete; periphery rounded; anterior canal of
moderate length orrelatively short; sinus deep, the slotwalls
directed apically, the parietal callus well developed but not
tending to constrict the sinus entrance; first two nuclear
whorls smooth, third whorl slightly subcarinale" (Mclean,
in Keen, l97l:728).

478. Carircdrillia smithfteldensis (Olsson, 1916). Shell
small, elongate, slender. Whorls 10-ll. Nuclear whorls 2;
the first smooth, the second with four spiral &reads. Post-
nuclear sculpture of l1 to 12 short axial ribs on mid-whorl
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only and low qpiral threads in the interspaces. Aperture
small. Body whorl shorr Zone2,ChuckatuckandSmithfield
Height 10.71mm.

Genus Splendrtllia Hedley, 1922
"Small, glossy-surfaced shells with a smooth, concave shoul-
der area, axial sculpture of strong, projecting peripheral
nodes, which may be obsolete on the final whorl, spiral
sculpture lacking or of fine striae; sinus narrow, with a heavy
deposit of parieal callus; protoconch two-whorled, smooth;
shells colored, frequently banded" (Mclean, in Keen,
1971:705).

479. ?Splendrillia arata (Cowad. 1862). "Turriculate,
whorls 9; spire elevated, acute; subscalariform, the con-
tractedportion of the whorls flattened and with perpendicu-
lar sides, below this space costate, ribs somewhat oblique
and crossed by minute, which on the body whorl reach the
base, obsolele above, distinct inferiorly. Locality. Virginia"
(Conrad, 1862:285).

This is most likely a Yorktown speeies, but it?s exact
province remains unknown.

Genus Cymatosyrinr Dall, 1889
"Shell polished, I to I l2 inches, tall spired, truncatedbody
whorl, terminated in a short, twisted, very deeply notched
anterior canal. Whorls with a strong subsutural cord or fold
which is usually nodulated. Axial ribs oblique. Outer lip
with a distinct sromboid notch. Sinus deep, U-shaped,
bounded by a thick parietal pad. Second nuclear whorl with
a peripheral carina" (Abbott, 1974:27 5).

480. Cyrnatosyrinx lunata (H. C. Lea, 1843). Shell of
moderate size, smooth, thin, high-spired. Whorls 10. Nuclear
whorls 2ll2,large, smooth, with a prominent keel. Spiral
sculpturecompletely lacking,saveforasinglelow,subsuhral
ridge which is noded at the conjuqction with the axial ribs.
Axial sculptureof l2 long, narrow,oblique, sharp-edgedribs
per whorl. Siphonal notch oblique, deep, with a prominent
siphonal fasciole. Outer lip flaring, with a deep tunid norch
constricted by a thick callus pad at the suture. Sromboid
notch well developed. 7nne2, Petersburg, Williamsburg,
Hampton, Chuckatuck, and Smithfield; nearly ubiquitous.
Height 38 mm. This is the largestof the Yorktown turrids,
and type species of the genus.

481. ?Cynutosyrinx ricei Cmrybell, new species. Shell
small, high-spired. Whorls 8 to 9. Nuclear whorls 2, smooth,
inflated, rounded, with a very weak basal keel. Axial
sculpture of 9 short" oblique, rounded ribs per whorl; ribs
lined up whorl o whorl. Suture separated from turrid groove
by a low, spiral ridge. Spiral sculpture of very fine, crowded
lines on theridge and groove,becoming alittle coarserover
the axial ribs, and very coarse below the ribs on the anterior
half of the body whorl. Outer lip broken in all known
specimens; turrid sinus infoned from growttr lines to be U-
shaped.

Tnne 2, Hampton. Height 13 mm. Type locality,
Rice's Pit. Without the ouler lip, generic placement of this
species must be considered tenlative.

Etymology: named for William Rice.

Genus Bellaspira Conrad, 1868
"Small 0o medium-sized shells with axial ribs that are best
developed at the periphery; anterior and sharply trunsate,
anal sinus narrow, closely constricled, its slot walls directed
apically; nucleus of two smooth whorls. Confused with the
lvlangeliinae by authors because of an error in figuring the
type species which is a Miocene form from Virginia"
(Mclean in Keen, 1971,706,-707\.

482. Bellaspira virginiana (Conrad, 1862) (Synonyms:
" Drillia polygotalis "Dall" Gardner, 1948; not" B ellaspira
vbginiana" of Rehder, Gardner, or Powell, a mangellid).
Shell small, solid, biconic. Whorls 9. Nuclear whorls 1 l/
2 - 2, smooth. Axial sculpture of 9 thin,low, sharp ribs with
much wider, concave interspaces. Spiral sculpture of micro-
scopic crowded lines which are very even and regular on the
upper whorls and posterior half of the body whorl; spirals of
the body whorl progressively coarsen from mid-whorl to
siphonal canal. Outer lip flaring; turrid notch no more than
a slight inflection. Stromboid notch lacking. 7-one 2,
Williamsburg, Chuckatuck, Smittrheld, Ilampton, Yorttown,
and Chesapeake. Height 23 mm.

Genus C ompsodrillia \iloodring, 192E
"Shell about 1/2 inch, elongate-fusiform, tall spire, inflated
body whorl, constricted siphonal canal, angular whorls.
Short siphonal canal. Protoconch 2 whorls smooth, followed
by axial riblets. Postnuclear whorls with heavy, rounded
axialribscrossedbyspiralcondsandttreads. Sinus subsunral,
deep and U-shaped. Ourer lip sharp, with a varix behind"
(Abbott,1974: 270).

483. ?Contpsodrilha sp. (Synonym: "Drillia" arctata
Conrad Gardner, 1948). From Gardner's figure of the
"type", this is a small shell with 9-10 short, oblique, well-
roundedaxialribsper whorl. Spiral sculptureof fine grooves

which are strongest at mid-whorl. Nuclear whorls missing;
early post-nuclearwhorls abraded. Outerlipbnoken. Gardner
sta8es that it is a little over 8 mm in length.

Gardner (1948) figured without description a decrepit
turrid bearing the unpublished label name of. Drillia arctata
Conrad. Moore (1962\ andRichards (1968) inconectly list
it as validated by subsequent description, but the description
here is the first to be published. Richards refers this
specimen !o the *Virginia Miocene". Until the species is
rediscovered, its diagnostic morphology and exactprovince
must be considered uncertain.

-. 
TCompsodrillia clnwanensis Gardner, 1948. A North

CarolinaChowan River species (Appendix I), notyet found
in Virginia faunas. The species may belong to a different
genus.

4&4. Compsodrillia eburnea (Conrad, 1862). (Synonym:
Drillia ?barnea Conrad, 1862, non Carpenter, 1865)
"Turrited; upper part of whorl without ribs and with an
impressed revolving line; lower part ribbed, ribs oblique,
rounded: surface striated with close impressed revolving
lines, finer and obsolete on the upper part of the whorls"
(Conrad, 1862,285).

Conrad did not cite an original locality, but Gardner
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reported it from Zane 2localities near Yorktown and Suf-
folk. She also noted that Dall's (1890) Caloosaharchee
records of this species are in error.

Subfamily Mangeliinae

Genus Mangelia Risso, 1826
"Operculum absenl Shells 12 inch or less, narrowly
fusiform, spire tall, whorls convex, sculpture variable (ribbed
or reticulated), usually finely spirally striate. Sinus usually
deep and fluted. Inner and outer lip may have denticula-
tions" (Abbott, 197 4: 27 8).

485 . ? Man g e I ia andr ew i Campbell, new species. Shell very
small, biconic, solid. Whorls 7. Nuclear whorls 3; the first
two smooth, small, and well-rounded, the third cancellate
with perpendicular axial riblets stronger than spirals. Re-
maining whorls tabulate below the turrid groove. Axial
sculpture of 12low, oblique, well-rounded ribs per whorl,
interspaces narrower than ribs. Spiral sculpture weak, of
evenly spaced, indistinct gfooves. Aperture narrow, parallel
sided, oblique. Outer lip not flaring. Turrid norch shallow,
very broad. No stromboid notch. Height 6.52 mm. Tnne 2,
Williamsburg. Type locality, sream bank behind Cary
Field, the College of William and Mary, Williamsburg,
Virginia.

Etymology: named for my son, Andrew Campbell, in
recognition of his assistance over many field seasons.

-. 
Mangelia emissaria Olsson, 1916. (Appendix I).

Genus Cryotwris Woodring, 1928
"Small, biconic, angulate whorls, axial ribs crossed by spiral
threads, giving a frosty surface. Canal short. Sinus weak"
(Abbott, 1974:280).

486. Cryoturris maesi Campbell, new species. @ossible
synonym: Kurtziella eritima (Bush) of Gardner, 1948, in
part, Yorktown records, not of Bush, 1885). Shell very
small, elongate, fragile. Whorls 7, rounded, with a promi-
nent keel. Nuclear whorls 3, the first two small, smooth,
rounded; the third with 5 or 6 spiral threads, the central tlread
forming a keel; third nuclear whorl spirals crossed by
crowded axial riblets. Post-nuclear axial sculpture of 16 0o
18 narrow, sharp, low ribs forming low nodes at the intersec-
tion with the keel. Keel high on the body whorl; a lirtle above
mid-whorl on the upper whorls. Spiral sculpture of deli-
cately beaded lines, 24 to 26 lines on the upper whorls, about
60 on the body whorl. Aperture short. Outer lip thin,
partially broken: turrid notch shallow, U-shaped, broadly
open. 7nne2, Chuckatuck. Type locality, former Lone Star
Cement Company pit, now Crane Lake, upper bed, west
wall, Chuckatuck, City of Suffolk. Height 7.28 mm.

This species resembles C. cerinella (Dall, 1889) of the
Recent fauna but is proportionally a little shorter and has
twice the number of axial ribs.

Etymology: named in appreciation of Mrs. Virginia Orr
Maes of the Philadelphia Academy of Natural Science,
whose assistance with the tunids was invaluable, and is here
gatefully acknowledged.

This or the following species is likely responsible for

Gardner's report of the prominently beaded, recent
G lyp ln t wr is e r i t ima @ush) (unior synon y m of G. qwdr at a
(Reeve, I 845) from Suffolkand the North C;arolinaYorkown.
Her illusnation is of arecentspecimen, and I have notas yet
located any conspecific "Yorktown" specimens.

487 . C ry onrr is tra gnolianaOlsson, I 9 I 6. Shell very small,
fragile. Whorls 7, angular, with a cenhal keel. Nuclear
whorls 2 n 3, rather worn in the material at hand. Axial
sculpture of 9 low, rounded ribs. Spiral sculpture of micro-
scopic, crowded, beaded lines, giving the shell a granular
appearance. Outer lip witlt a shallow, U-shaped turrid norch.
Znne2,Williamsburg, Smithfield, Chuckatuck, and Hamp-
oon. Height 7.40 mm.

G enas Kur Eiella D all, 19 18
"Aperture elongate, sculpture of low axial ribs witlt wider
interspaces, periphery angulate; spiral sculpture of dense
lirae; lip varix no thicker than a regular axial rib, sinus a
slight inflection of the outer lip on the shoulder slope. Most
species are sand dwellers" (Mclean in Keen, l97l:747).

488. Kurtziella smithfieldensrs (Olsson, 19 16). (Synonym:
Brachycythara galae Fargo ofCampbell, and others, 1975,
York0own records only, not of Fargo, 1953). Shell small to
very small, thin. Whorls 8 12, periphery angular with a
prominent central keel. Nuclear whorls 2 U2 to 3; initial
whorl minute, smooth, rounded; the following 2 whorls
smooth, rounded, faintly rippled, rapidly expanding. Axial
sculpture of post-nuclear whoils of 16 narrow, sinuous ribs
with wider interspaces; ribs strongly recurved above the
keel. Spiral sculpture of crowded lines above the keel,
coarser, paired threads below. Spiral lines above the keel
draped, concave up, like popcorn chains on a Christmas tree:
threads below the keel straight, not curving. Tunid norch
shallow, broad.

The figured specimen has an annelid boring on the
columella, a feature common in hermit crab occupied shells.
Znne2,Suffolk, Smithfield, and Hampton. Height I I mm.

Genus Glyphostoma Gabb, 1872
"Shells 314 inch, fusiform, biconic, solid, whorls bulging.
Aperture long and narrow. Outer lip strongly variced. Both
outer and inner lips heavily sculptured with denticles and
ridges. Sinus wide, deep, strongly rimate. Fasciole with
strong grow*r wrinkles. Sculpture of strong axial threads.
Protoconch of 3 whorls, the second one having a strongkeel"
(Abbott, 1974:282).

489. Glyplwstonazoster Gardner, 1948. Shell very small,
thin, keeled. Whorls 6; upper post-nuclear whorls with an
angularperiphery; body whorl rounded, concave in outline
below mid-whorl. Nuclear whorls I 12, small, smooth, not
expansive; axial sculpture of 12-13 low, short, sharp ribs
with an overlay of fine, crowded, oblique, granular, micro-
scopic lines, giving the surface a frosted texture. Spiral
sculpture of fine spiral lines in the tunid groove, coa$e
threads crossing the axial ribs, and finer threads over the
lower half of the body whorl. Outer lip flaring; tunid notch
deep, constricted at the aperture.

Znne2,Chuckatuck and Smithfield. Height mm.
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Genus P yrgocy thara Woodring, I 928
"Shells 1/3 inch, slender, spire tall, axially ribbed. Numer-
ous spiral threads. Sinus deep, with a denticle below its
lower edge" (Abbott, 1974: 283).

Subgenus V iticy thara Fargo, 1953
Very small, slender shells with strong, cancellate sculpture.

49O. P yr go cyt har a (V itr i cy thar a) mi c r o mer is (Dall, f 903).
Shell minute, slender, cancellate. Whorls 6 1/2. Nuclear
whorls 2, smooth, conic. Next two whorls well rounded;
remaining whorls straight sided, angular at the shoulder.
Axial sculpture incipient on the first post-nuclear whorl, of
about 20 sraight, narrow riblets per whorl. Spiral sculpture
incipient on tle second post-nuclear whorl; of 6 subequal
threads on the spire; body whorl with ll-12 sfong spiral
threads with wider interspaces: interspaces of body whorl
may have a central weaker thread. Aperhrre narrow; outer
lip thin, not flaring.

Fargo (1953) considered this to be a subspecies ofP.
(V.) metia (Ddl, 1903), but it appears to have a different
range and is here treated as a distinct taxon.

Znne2,W rlliamsburg, Suffolk, and Chesapeake. Height
3.4lmm.

490a. Pyrgocythara (Vitricythara) metria (Dall, 1903).
Shell outline andcancellatesculpture as inP . (V.) micronuris,
but twice as large, proportionally a little wider, and with a
less delicate shell. Zone 2 Chuckatuck. Height 5.76 mm.

Genus OenopotaMorch, 1852
"Reserirbles Propebela in shape and sculpture, but lacks
shouldered whorls and the sculpturing is weaker on the
shoulders. Protoconch narrowly pupillate of about? ta 2 U
2 whorls, initially smooth, then developing 3 spiral cords
crossed by spaced axials" (Abbott, 1974:286).

491. Oenopota pumilus (I. Lea, 1833). (Synonym: Ftsrs
pumilus I. [.ea, 1833, left of ttree syntypes). Shell minute.
Whorls 5, slightly shouldered, evenlyrounded. Axial sculp-
ture of about 16 low, narrow nodes at the shoulder. Spiral
sculpture of weak lines. Aperture large; outer lip and siphon
broken. Height about 3 mm.

Like the Yorktown species, Conus marylandicusGrenn,
this is one of theFinch collection species with erroneous "st.
Marys, Maryland" locality data. This is Zone 2 material, but
its exact Yorktown provenance can never be known.

Campbell and Campbell (1986) have discussed the I.
Lea (1833) species from the Finch collection. None of the
three cotypes glued to a card were conspecific. They fixed
the species concept of O. parnilis by designating the left
specimen as lectotype.

Subclass Euthyneura
Order Pyramidelloida
Superfamily Pyramidellacea
Family $ramidellidae

Members of this family are typically small, dextral,
high spired shells with a sinistral protoconch. The transition
from sinisfral to dexnal growth is accomplished by tortion of

the shell which commonly results in a twisted orcompletely
involute apex. Most, if not all, are parasitic upon various
other mollusks or annelid wonns, and many are species-
host-specific. The number of niches is therefore enormous,
and the consequent specialization provides opportunity for
a very large number of species. Pyramidellids are the insects
of the molluscan world. The genera O dostomia andTwbonilla
are particularly renowned (and cursed) for their propensity
to generale legions of species. The Yorktown total of 14
Turbonilla falls considerably short of the 200 plus species
listedby Keen (1971) forthe tropical Eastern Pacific, butthe
number is still sufficient to be confusing.

The only works 0o seriously treat the Neogene
pyramidellids of the southeastern United States are H. C. Lea
(1843, 1845,'1846) and Bartsch (1955). The work of
Bartsch, in turn, has so hopelessly oversplit the
Caloosahatchee pyramidellids as to discourage subsequent
study of the group.

An additional pitfall of the family is the habit of
juvenile and adult shells of the same species tobe sculptured
differently. The initial post-nuclear whorls of Triptychus
resemble the morphology of Odostomia (Miralda) species,
necessitating ttre study of pyramidellid populations in all
stages of growth before drawing any conclusions.

Generic and subgeneric determinations among
pyramidellids are sufficiently straightforward, but anyone
seeking to determine the proper specific identity for the
various OdostomiaandTurbonillais at an immediale disad-
vantage. Serious work with the fossils must include com-
parison with the dozens of Recent Western Atlantic species
and a study of three major treatises on the fossils.

H. C. Lea's (1843, 1845, 1846) pioneering work on the
Yorktown @liocene) smallerand micromollusks referenced
none of the few Recent species then described. Pilsbry
(1922) described several Odostomia andTurbonilla in his
revision of Gabb's Pliocene fossils of Sano Domingo.
Pilsbry attempted comparisons with other described
Carribbean fossil forms, but lamented the incompleteknowl-
edge ofCaribbean recent faunas. Bartsch (1955) added the
pyramidellid chapter !o Olsson and Harbison's (1953) fea-
tise on the Sr Pe@rsburg, Florida Caloosahatchee fossils,
splitting the group inlo more than l20 "species". Hence, in
theRecent, the Yorktown, the Caloosaharchee, and the Santo
Domingo pyramidellid faunas we have four unique and
essentially uncompared faditions of nomenclature. Rather
than attempt !o sort through tlis maze, most Neogene
workers have sought altemative strategies when faced with
pyramidellids. The more common may be summarized as
follows:
l. Selective blindness-ignore them and maybe they will go
away. After all, they are microscopic. Despite their being
among the most common of species in most well preserved
molluscan faunas, pyramidellids are typically missing from
faunal lists.
2. Procrastination-let someone else do it. Woodring (1926)
and Gardner (1944) consigned their Jamaica and Alum Bluff
pyramidellids !o Bartsch, who never got around to them.
Olsson and Harbison (1953) as noted above,consigned their
St. Petersburg specimens to Bartsch, who did get to them in
a work which accentuated the stratigrapher's urge to stromp
them on sighl AfterBartsch's death in 1960,noreplacement
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"other guy" has emerged, but slocks of pyramidellid species
continued to be hoarded in anticipation ofhis appearing.
3. The Any-common-recent-name-will-do school: if its a
fosstl Turbonilla, call it T. intenupta (Totten)
4. The Letterman school- these workers give a letter to each
perceived variety. " Odostorzla sp. A"dodges the systematic
and nomenclatural morasse, while allowing one !o catalog
the number of species discovered. Unfortunately, species
"A" ofonepapermay be species"Z"of thenext, andwithout
good illustrations (another major difficulty) the lener system
lacks continuity.

Even after wrestling with the literature, many as yet
unnamed species remain,butuniquely naming anew species
is no small challenge, given the opportunities for hom-
onymy. The index of Bartsch (1955) reads like a who's who
of malaiology, coupled with a listing of ttre significant
members of the Greek, Norse, and Hindu pantheons. And
with over 500 described world wide R&ent Odostomia and
over 600 Turbonilla species, obvious descriptive terms like
"impressa","striata", ot "cancellata" have been used to
exhaustion. It is almost impossible to revise a fauna of these
species without discovering previously undetected syn-
onyms and homonyms. For example, Odostomia(Evalea)
diaphana (H. C. Lea, 1843) of the Yorktown Pliocene is the
senior homonym of O. (E;) diaphana (Jefferys, 1848),
Recent of Great Britain to the Mediterranean.

The nomenclatural strategy adopted herein is a modi-
fied "letterman". The Greek alphabet, Alpha to Omega, are
complete words and have both standing as valid, non-
declinable Latin adjectives and nomenclatural precedent.
However, !o the exlent I can determine, they have not been
used within the pyramidellids and are thus available.

Genas Lang chcezs Morch, 1875
"Shell elongate-conic, not umbilicate, having 3 columellar
folds,abasal fasciole, and aperipheral sulcus. Entire surface
with fine growth lines and microscopic spiral striations"
(Abbot, 1974:290)

492. l"ongclwew sutwalis (H. C. Lea, 1&43) (Synonyms:
Pyatnidella arernsa Cowad. 1843; Pyamidella crenulata
Holmes, 1859 ; Ian g c huus marb nae Bartsch, I 955). Shell
small, thin, fairly sturdy. Whorls 12, tapeing, flat sided.
Protoconch sinis8al, nvisted, partly immersed in and filling
the apex: pro0oconch and early whorls commonly broken off
larger specimens. Surface smooth save for rough lines of
growth. Suture markedby a squarecut groove. Microscopic
axial lines may bepresentwithin the grooveaboveandbelow
the suture. Columella with a single strong bladelike fold
perpendicular to the shell axis, and two smaller, oblique
folds below. Outer lip smooth, thin, with or without three
large denticles inside the aperture. Tnne l, Middlesex
County; 7nne2, ubiquitous. Height >12 mm.

493.? Longchaeus simplex (H. C. Lea, l&43). Shell minute,
thin, fragile. Whorls 5, very slightly rounded. hotoconch
very small, immersed in but not completely filling the dorsal
concavity ofthe subsequent whorl. Sutural channel narrow,
not sculptured. lvlajor columellar fold above mid-point of
apertrne; lowerfolds obsolete. Zone2,Petersburg,Smithfield,
Suffolk. Height 2.10 mm.
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L. sunralis at the 5 whorl stage are minature aduls of
that species, and are quite different from the present species.
Generic assignmentof ?L. simplexisuncertain. The qpecies

may belong to Odostomia subgenus Eulimastoma.

Genus Odostomia Fleming' 1813
"Small, elongate-conic shells, white, some smooth, some
cancellate; all with a small fold on the upper part of the
columella" (Abbott, 197 4:291.
Subgenus Odostomia Fleming, 18 13

"Axial and spiral sculpture absent, usually. Columellar
fold present" (Abbott, 1974:291).

494. Odostomisa (Odostomia) alpla Campbell, new spe-
cies. Shell small, originally smooth, although the unique
type is somewhat abraded; fragile, high-spired. Whorls,
ineomplete. Columella with a single, very prominent fold.
Outer lip inflexed at the center. Height 4.35 mm.

This is the only Zone I Odostome I have recovered. Its
large size and inflexed lip separate it from all Zone 2 species.

Zone l, Type locality is Tutter's Neck Pond,
Williamsburg, Virginia.

Etymology: named for the Greek letter.

495. Odostomia (Odostomia) betaCarnpbell, new species.
Shell small, thin, smooth, fragile. Whorls 3+ (incomplete);
spire rapidly tapering. Su$re vertically impressed. Colu-
mellar fold small, oblique, low in the apernrre. Umbilicus
narrow, slit-like. Aperture large oblique. Height 3.60 mm.
7nne2, type locality is Rice's Pit, Hampton, Virginia.

Etymology: named for the Greek letter.

496. Odostonia (Odostomia) gatwrur Campbell, new spe-
cies. Shell minute, smooth, fairly solid. Whorls 4 12,
rounded. Suture impressed. Protoconch large, involute. A
juvenile specimen shows basal spiral incised lines which are
absent in the adull Columellar fold present" indistinct.
Umbilicus nanow, slitlike. Height 2A6mm.

Tnne2,Chesapeake. Type locality is the upperZone
2level at the Deep Creek pit, end of Cookes Mill Road,
Chesapeake, Virginia.

Etymology: named for the Greek letter.

497. Odostomia (Odostomia) epsilon Campbell, new spe-
cies. Shell minute, smooth, solid. Whorls 5 lf2, narrotv;
periphery very gently rounded. Spire high; suture im-
pressed. Umbilicus nalrow, slit-like. Protoconch large,
involute. Columellar fold obsolete. Height 2.11 mm.

The high spire and obsolete columellar fold will sepa-
rate this form from other Yorktown O. (Odostomia) species.
All of Bartsch's (1955) O. (Odostomia) species show suon-
ger columellar folds and rounder whorls.

Tnne2,Chesapeake. Type locality is the upperZone 2
level at the Deep Creek pit, end of Cookes Mill Road,
Chesapeake, Virginia.

Etymology: named for the Greek letter.

498. Odastomia (Odostomia) mu Campbell, new species.
Shell very small, smooth, slender, elongale, thin, fragile.
Whorls 6; periphery well rounded. Suture well impressed.
Columellar fold very low, nearly obsolete. Umbilicus no



PUBLICATION 127 101

more than a small pit. Aperture oval. Height 2.43 mm.
This species resernbles O. (Evalea) ri in shell outline,

but lacks the distinctive spiral sculpture, is l/3 smaller, and
has a more circular aperture. Tnne 2, Chesapeake. Type
locality is the upper Zone 2 level at the Deep Creek pit, end
of Cookes Mill Road, Chesapeake, Virginia.

Etymology: named for the Greek letler.

Subgenus Chrysallida Carpenter, 1857
"Odostomias having strong axial ribs crossed by equally
strong spiral keels between the sutures, thus forming small
nodes. Base wiilr strong spiral cords or threads, but weak
axial sculpture" (Abbott, 197 4:292).

- 
Odostomia (Chrysallida) seminuda (C. B. Adams,

1837). Appendix II.

499. Odostomia (Chrysallifu) granulatc (H. C. lea, 1843).
Shell very small, solid, high spired. Whorls 6 to'|, gently
rounded. Protoconch small, involute. Sculpture coarse.
Axial sculpture of 16 !o I 8 ribs per whorl. Spiral ribs sFong,
14 to 16 on the body whorl. Axials cross the upper four
spirals to produce a coarsely granular pattern. Spirals
diminish in size towards the base. Sculpture pattern com-
monly worn off, leaving smoottr but unbroken specimens
(Figure 499a). Columellar fold central, weaky developed.
No umbilicus. Zone 2, ubiquitous. Height 3.36 mm.

O. granulata is normally the most common gastropod
in coarse, sandy Yorktown shell deposits.

500. Odostomia (Clvysallida\ sp., cf. O. (C). arclteri
Bartsch, 1955. Shell minute, solid, stocky. Whorls 4 12,
straight sided. Protoconch large, involute. Spiral sculpture
of two subsutural, closely spaced, granular ribs followed by
a third, more distantly spaced granular rib and a fourth,
smooth spiral placed just above the suture. Interspace
between the second and third spirals formed by a series of
circular pits. Basal spiral sculpture of body whorl weak.
Axial sculpture of about 20 ribles which coarsen to form
granularbeads on the upperthree spirals, butare very narrow
in the interspaces. Columellar fold hidden by sediment
lodged in the aperture.

Chowan River beds at Chesapeake. Height 3.1 I mm.

501. Odostomia (Chrysallida) eta Campbell, new species.
Shell very small, relatively broad, evenly tapering, solid.
Whorls 5 lf2, gently rounded. Protoconch large, involute.
Axial sculpture of 28 o 30 nanow, oblique riblets per whorl,
crossing and granulating the upper 5 spirals. Axials persist-
ing as narrow, raised lines in the interspaces and to the base
of the shell. Spiral sculpture of 5 granulated spirals on the
upper whorl, 15 on the body whorl; spirals dimenishing in
strength to the base. Sutural channel wide, defined above by
a strong, spiral groove. Columellar fold prominent, high in
the aperture. Height 3.83 mm.

This species is an exceptionally large, broad odostome
which appears cancellate rather than gtanular.

Type locality is Zone 2, Chuckatuck, now part of the
City of Suffolk, Crane Lake (formerly Ione Star Cement
Company pit), Panopec bed, west wall.

Etymology: named for the Greek letter.

502. Odostomia (C hrysallida) theta Cwrybell, new species.
Shell very small, solid, high-spired. Whorls 6 12 a 7,
periphery gently rounded. Protoconch small, involute.
Axial sculpture of 28 narrow riblets which cross and granu-
late the first4 or 5 spiral ribs, continuing as narrower, raised
lines in the interspaces between spirals of the body whorl.
Spiral sculpture on the upper whorls of4 or 5 noded, granular
ribs: the second subsutural spiral entire or divided inm two
threads. Body whorl with 1l or 12 spirals diminishing
towards the base. Umbilicus no more than a small pit.
Columellar fold strong, high in the aperture. Height 4.55
mm.

Type locality is theupperZone2 level at the Deep Creek
pit, end of Cookes Mill Road, Chesapeake, Virginia.

Etymology: named for the Greek letter.

503. Odostomia (Chrysallida) zeta Campbell, new species.
Shell very small, solid, high spired. Whorls 7 12, periphery
flat. Protochonch small, involute. Axial sculpture of 30 flat
riblets per whorl, appearing at the posterior suture and
terminating above the sutural channel. Spiral sculpture of 5
flat, relatively weaker riblets crossing axial sculpture on
upper whorls; depressed spiral channel just above anterior
suture; channel containing a low , flat, spiral rib . Body whorl
with a large, flat" spiral rib below the sutural channel, and 10
progressively smaller spiral ribs anteriorly; axial sculpture
on body whorl of riblets above the sutural channel, and of
numerousfine threads in the anterior interspaces. Columel-
lar fold prominant, medially placed. No umbilicus. Height
5.42mm.

This species is a large, slender odotome with axial
sculpture dominating above the suture and spiral dominating
below.

Type locality isZnne2,Chucktuck, now partof the City
of Suffolk, Crane Lake (formerly Lone Star Cement Com-
pany pit), Panopeabed, west wall.

Etymology: named for the Greek letter.

5O3a. Adostomia (Clvysallida) omicron Campbell, new
species. Shell minute, thin, slender, graceful. Whorls 3 l/
2, periphery gently rounded. Protoconch large, involute.
Axial and spiral sculpture narrow, equal, with wider
interspaces , producing a striking cancellate pattem . A small
node forms at the intersection of the axial and spiral riblets.
About 30 axial and 16 spiral threads on the body whorl.
Aperture oval. Umbilicus small, narrow. Columellar fold
very low. Height 1.25 mm.

TnneL,Chuckatuck and Chesapeake. Type locality is
the upper Zone 2level at the Deep Creekpit, end of Cookes
Mill Road, Chesapeake, Virginia.

Etymology: named for the Greek letter.

Subgenus Menestho Moller' 1842
"Odostomias lacking strong axial riblets and having few to
many spiral cords" (Abbott, 1974:294)

5M. Odostomia (Menestln) iota Carnpbell, new species.
Shell very small, solid, high qpired. Whorls 5 12, periphery
gently rounded. Protoconch small, involute. Axial sculpture
lacking. Spiral sculpture of widely spaced, microscopically
pitted incised lines, 3 or4 on the upper whorls, 1l !o I 12 on
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the body whorl. Columellar fold srong no umbilicus.
Height 3.84 mm.

Zone 2, Williamsburg. Type locality is sream bank
behind Cary Field, the College of William and Mary,
Williamsburg, Virginia.

Etymology: named for the Greek letter.

505. Odostomia (Menestho) rnilium (H. C. Lea, 1&43)
(Synonym: O. (M., promilium (Meyer, 1888)). Shell
minute, slender, high spired. Axial sculpture of microscopic
raised lines in the interspaces. Spiral sculpture dominant,
variable. Body whorl with 12 (form O. promilium\ to22
spiral cords with complete intergradation, ranging from a
few broad cords to grooved cords to numerous distinct
threads. Also highly variable as to adult size and relative
width. Zone 2, ubiquitous. Height 1.60 mm.

Subgenus EvaIeaA. Adams, 1860
"Odostomias smoothish, except for numerous, microscopic,
spiral incised lines" (Abbott, 197 4:295).

506. Odostomia (Evalea\ diaplana (H. C. Lea, 1843)
(Synonyms: Pasitheatwbinopsis H. C. Lea, 1845; non O.
(E.) diaphanc (Jefferys, 1848)). Shell small, high spired,
very thin and fragile. Whorls 6 to 7, periphery well rounded;
protoconch small, involute. Sutures well indented. Axial
sculptureof fine growth lines only, sometimes strong enough
to crinkle the spiral lines. Spiral sculpture ofeven 0o variable
microscopic lines,20 to 24 lines on the upper whorls, about
40 on the body whorl. S hell outline variable, slender to fairly
stout, adult height many vary from 4 l2to7 mm. Columel-
lar fold cenrally placed. Umbilibus a narrow to fairly wide
slit. Height 3.91 mm. TnneZ,Petersburg, Suffolk, Hunp-
ton, and Chesapeake.

507. Odostomia (Evalea) ovula (H. C. Lea, 1843) (Syn-
onymi Ac t e o n glans H. C. l-ea. I 843). S hell minute, smooth,
glistening, thin, fragile, Whorls 3 lp, periphery very gently
rounded, rapidly inflating. Protoconch very large, involute.
Axial sculpture lacking. Spiral incised lines microscopic,
very shallow, strongest just below the suture. Columellar
fold oblique, very low, best seen in broken specimens.
Umbilical slit very narrow. Aperture exceptionally large,
half the length of the shell.

This species is remarkable for is swollen, overlapping
whorls. Juveniles change body outline with growth. Height
3.40 mm. Znne2,Petersburg, Ilampton, and Chesapeake.

508. Odostomia (Evalea) latnbda Campbell, new species.
Shell minute, thin transparent, fragile. Whorls 4 !o 5,
periphery gently rounded. hotoconch largg planorbid,
apex perforate. Suhrre impressed. Axial sculpture lacking.
Spiral sculpture ofeven, incised lines, 14 to 15 on the upper
whorls, about 30 on the body. Columellar fold low, central,
oblique. Umbilicus a wide, rounded slit. Height 3.09 mm.

This small species has fewer spirals than O. (8.)
diaplwna.

7nne2, Chesapeake. Type locality is the upper Zone
2 level at the Deep Creek pit, end of Cookes Mill Road,
Chesapeake, Virginia.

Etymology: named for the Greek letter.
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509. Odostomia (Evalea\ nr Campbell, new species. Shell
small, squat, solid. Whorls5, periphery very gently rounded.
Protoconch large, involute. Suture vertically channeled.
Axial sculpture lacking. Spiral sculpture worn, of fairly
wide-spaced (for Evalea), shallow, incised lines. Columel-
lar fold low, central. Umbilicus pit-like, expanded by
breakage. Height 3.44 mm. No other Yorktown Evalea
shows such a stout and solid shell.

Zone 2, Chesapeake. Type locality is the upper, Znne
2level at the Deep Creek pit, end of Cookes Mill Road,
Chesapeake, Virginia.

Etymology: named for the Greek letter.

510. Odostomia (Evalea) ri Campbell, new species. Shell
very small, slender, elongate, thin, fragile. Whorls 6, gently
rounded. Spire straight sided, not broadly concave as in O.
(E.) diaphana. Periphery shouldered. Protoconch large,
nearly planorbid. Axial sculpture lacking. Spiral sculptwe
of very fine lines. Columellar fold very low, oblique.
Umbilicus slit-like, expanded by breakage. Aperture elon-
gate-oval.

No other Yorktown Evalea shows the shoulder tabula-
tion. Height 4.09 mm.

7-one2,Chesapeake. Type locality is the upperZone
2level at the Deep Creek pit, end of Cookes Mill Road,
Chesapeake, Virginia.

Etymology: named for the Greek letter.

Subgenus Evalina Dall and Bartsch' 1904
"Odostomias having feebly developed axial ribs only near
the top of the whorls. Spiral sculpture of numerous fine
lirations" (Abbott, 197 4:298).

511. Odostomia (?Evalina) sculpturata (H. C. Lea, 1843)
(Synonyms: P asithea sculptwataH. C.Lea, 1843; P asitlua
sculpta H. C. Lea, 1845). Shell minute, solid, evenly
tapering. Whorls 4 lf2, priphery rounded. Protoconch
fairly small, involute. Sutures moderately indented. Axial
sculpture of 28 to 30 oblique riblets per whorl, with slightly
wider interspaces. Riblets diminish below mid-body whorl,
persisting as lines !o the base. Spiral sculpmre equal with
axial, diminishing in srength towards the base so that the
shell appears cancellate. Columellar fold strong, centrally
placed. No umbilicus.

The axial riblets of O. (?E.) sculpta persist somewhat
lower than typical Evalina, making the subgeneric assign-
ment therefore tentative.

Tnne 2, Petersburg, Chuckatuck, and Chesapeake.
Height 2.10 mm.

Subgenus E ulinustoma Bartsch, 1916
'.2 to 5 mm., high spired, with a single columellar plication.
Base of whorl with angulation or keel. 2 nuclear whorls
almost planorbid, partially immersed, without axial sculp-
trne. With orwithouta small umbilicus" (Abbott, 197 4:299).

512. O dostomia (Eulimastona) rln Canrybll, new species.

Shell small, conic, smooth, straight sided. Whorls 5 12,
periphery flat. Prooconch broken and repaired. Axial
sculptue lacking. Spiral sculpture of a single carina at the
angulation of the body whorl. Columellar fold high in the
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apenure.
Tnne 2,Smithfield, type locality at Rock Wharf, south

bank of James River. Height 2.15 mm.
Etymology: named for the Greek letter.

Subgenus C hesapeakella Campbell, new subgenus
Minute, exceedingly elongate Odostomias with a large,
rounded, involute protoconch and few, rapidly descending
whorls. Aperture oval, tapering posteriorly. The unusually
narrow and minute shell suggests adaptation to a specialized
niche, possible living within the tube of a small, annelid host.
Type species: O do stomia (C he sapeakclla) si gtraCampbell,
new species.

Etymology: named for the City of Chesapeake.

513. Odostomia (Chesapeakella) sigrru Campbell, new
species. Shell minute, exceedingly elongate, translucent,
thin, fragile. Whorls 4, periphery gently rounded; whorls
elongated and rapidly descending. Protoconch involute.
Axial and spiral sculpture lacking. Shell surface with a
frosted appearance under very high magnification. No
umbilicus. Aperture oval, tapering posteriorly. Height 1.52
mm, width,0.45 mm.

Thisremarkable species is known atpresentonly from
the Zone 2 beds at the Chesapeake Development Company
pit, Yadkin area, City of Chesapeake. It is placed in
Odostomiarather than among the rissoids or acilids because
of the few whorls, relatively large, involute protoconch, and
the frosted microsEuctrrre of the shell surface which per-
fectly matches certain of the Yorktown Odostomia
(Odostomia) species. At the same magnification the minute
mesogastropods have a smoother and more porcellaneous
shell surface.

Etymology: named for the Greek letter.

Genus Odostomia Fleming, 1813, sensu lato.
No subgeneric placement attempted.

514. ?Odostomia limnia Conrad, 1846. "Subfusiform,
polished, whorls 4; convex; suture impressed; aperture
oblong-ova0e, half the length of the shell; columella slightly
folded. Locality. Yorktown, Virginia" (Conrad, lM6:20}

The type is listed as missing (Moore, 1962; Richards,
1968). Conrad cited an illustration @late l, Figure 4), bur
a careful examination of his text and plate indicates that two
plates were initially prepared, then condensed into a single
published plate. In the process, the figures of O. limniaand
O. protexta were inadvertantly deleted. Without a more
specific description, the names cannot be applied to any of
the known taxa with any certainty. The species must
therefore be considered dubious until the type is rediscov-
ered.

515. Odnstomia nitens (H. C. Lea, 1843). "Shell ovate-
acuminate, thick, perforate, smooth, polished; spire subu-
late, mammillate; sutures impressed, deep; whorls five,
convex; last whorl rounded; base smooth; perforation small;
mouth ovate, elongated, effuse; fold on ttre columella ob-
tuse, thick" (H. C. Lea, 1846).

516. ?Odostomia protexta Conrad, 1846. "Subulate, mi-

nulely cancellated, with five volutions, those of the spire
being subangulated near the base; labrum sub-angulated
above the middle; columella with a prominent fold in the
middle. Locality. Yorktown, Virginia" (Conrad, 1846: 20).
Note: see discussion under 514 above.

5I7 . ? Odosarnia turbinatus(H. C. Lea, 1843). Shellovately
conical, thick, smooth, subperforate; spire rather short,
conical, obnrse; sutures small, linear; whorls five, flatlened;
last whorl somewhat angular; base smooth; perforation very
small; mouth ovate, sub-effuse; fold on the columellalarge,
acute. Length.12 (inch)" (H. C. Lea 18a6).

Genus Triptychtts Morch, 1875
"Sculpturenodose, fairly sftong; base with two !o threecords
that enter the aperture and one or more columellar folds;
outer lip lirate within" (Keen, 1971:780).

518. Tryptychus biseriatus (Gabb, 1873). Shell very small,
solid, strongly sculptured. Whorls 5. Periphery with snong
keels, twoon the upperwhorls, three on thebody. Upperkeel
coarsely noded with about 15 nodes per whorl. Zone 2,
Chuckatuck. Height 2.7I mm.

Genus Turbonilla Risso, 1826
Small, very elongate, multiwhorled shells with a sinistral,
twisted apex; no columellar folds. Axial sculpture is domi-
nant.

Subgenus Turbonilla Risso, 1826
Turbonillas with axial sculpture only, ribs extending from
suture to base of the shell. No Twbonilla (Turbonilla)
species have yet been discovered in Yorktown faunas.

Subgenus C he mnitzia Orbigny, 1839
Turbonillas with axial sculpture only; ribs not crossing base
of shell, base of shell smooth.

519. Tur bonill a (C hcnrnit zia) alp ha Campbell, new species.
Shell small, very slender, solid. Whorls 12. Protoconch
small, smooth, sinistral, partly immersed. Spiral sculpture
lacking. Axial sculpture of 20 strong, obliquely sinuous ribs
with equal interspaces. Interspaces shallow, smooth, rounded
anteriorly. Ribs terminate just below mid-line of the body
whorl. Aperture oval. Height 5.85 mm.

This species shows some variation in relative width and
length of the adult shell. 7nne2, Smitlfield. Type locality
is Zone 2, Smithfield, Virginia, at Rock Wharf, shell bed
above clay, south bank of the James River.

Etymology: named for the Greek leuer.

520. Twbonilla (C hertnitzia) beta Canrpbell, new species.
Shell minute, exceedingly slender, solid. Whorls 8 to 10.
Proloconch smootr, relatively large, coiled o the side.
Spiral sculpture absent. Axial sculpture of 16 to 18 nearly
sraight, vertical ribs; interspaces half as wide as ribs. Ribs
terminate just below midline of the body whorl. Aperture
squarish.

This species resembles T. (C.) alpla,but is relatively
more slender, half as long, with fewer ribs and relatively
narrower interspaces.
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7nne2, Chesapeake. Type locality is the upperZone
2level at the Cookes Mill Road pit, Chesapeake, Virginia.
Height 2.63 mm.

Etymology: named for the Greek letter.

Subgenus Strioturbonilla Sacco, 1892.
Turbonillas with strong axial ribs and finer spiral sculpture.

521 . Turbonilla (Stioturbonilla) exarata(H. C. Lea, i843).
Shell small but gigantic for the genus, elongate, solid.
Whorls 16 or more. Axial sculpture of 26 narrow, nearly
straightribs; ribs becoming obsoleteorabsentbelow midline
of body whorl. Interspaces as wide as axial ribs. Spiral
sculpture of microscopic, incised lines, most conspicuous in
the axial interspaces. ldajor sculpture overprinted by a
network of exceedingly fine microscopic lines, giving the
shell surface a frosted appearance. Apernrre oval. Height
11.30 mm.

7nne2, Petersburg, City of Suffolk (at Chuckatuck),
Ilampton, and Chesapeake.

522. Twbonilla (Strioturbonilla'1 subula (H. C. Lea, 1843).
Shell very small, slender, high spired. Whorls 9. Protoconch
small, rounded, coiled perpendicular to the long axis. Axial
sculptureof about35 narrow, staightriblets extending to the
base. Interspaces wider than riblets. Spiral sculpture of
crowded, subequal threads, 23 on the upper whorls, 40 to 45
on the body whorl. Spiral pattern interrupted by a pair of
prominent spiral grooves, one U4 whorl below the upper
suture, the second just above the lower suture. An additional
pairof grooves occurvery low on thebase of thebody whorl.
Aperture oval. Height 4.76mm.

Zone 2, Petersburg, Hampton, Chuckatuck, and
Smithfield.

523. Turbonilla (Strioturbinella) delta Campbell, new
species. Shell small, solid, elongate. Whorls 11 !o 12,
periphery flat. Axial sculpture of 20 to 22braad, very low
ribs, ribs becoming obsolete near the lower suture and about
mid-whorl on the body. Spiral sriae microscopic, irregular.
Outer lip sinuate. Apernrre oval. Height4.95 mm.

Tnne2,Chesapeake. Type locality is the upperZone
2level at the Deep Creek pit, end of Cookes Mill Road,
Chesapeake, Virginia.

Etymology: named for the Greek letter.

524. Twbonilla(Strioturbonilla) eburnea (H. C. Lea, 1843).
Shell small, slender, very high spired. Whorls 12, periphery
well rounded. Protoconch smooth, rounded, partially im-
mersed. Axial sculpture of 28 to 30 nanow, slightly oblique
to the left, sinuous ribs. Interspaces of equal width. Spiral
sculpture offine, deeply incised lines, 16 o 18 on the upper
whorls; Spiral lines intemrpted by broad spiral grooves, one
l/3 whorl below the upper suhrre. Body whorl with coarse
spirals between the grooves, spirals becoming finer on the
base; no basal grooves as in ?. ($.) srDrla. Aperture
subrecangular. Peripheryofbodywhorl subangulate. Height
6.72mm.

This species superficially resembles the Recent 7'
(Pyrgiscus) intenupta (Toaen) and may be responsible for
Pliocene reports of that species. Turbonilla interruptahas
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coarser sculpture, 20 to 22 wider ribs, and only 7 or 8 very
even spirals with no grooving; the axial ribs are oblique to
the right, and the body whorl periphery is more evenly
rounded.

Tnne 2, Petersburg, Chuckatuck, and Smithfield.

Subgenus Pyrgisctts Philippi' 1841
Turbonillas with srong axial ribs and srong spiral sculpture.

525. Turbonilla (Pyr giscus) leappa Cantpbell, new species.
Shell minute, exceedingly slender, fragile. Whorls 7 to 8;
periphery well rounded, suhres indented. Axial sculpture of
about 16 narrow, oblique, sinuous riblets perwhorl. Spiral
sculpture of 8 to I 0 rather coarse threads on the upper whorls,
14 to 16 on the body.

f, e.) lappa was at fkst confounded with ?. (P.)
protracta Dall, 1892, which shares the minute size and
slender outline. Dall's species has 30n32 axial riblets and
much weakerspiral sculpture. Ithasbeenrecovered from the
Duplin Pliocene, Pleistocene, and Recent faunas.

7-one2, Chesapeake. Type locality is the upper level,
Zone 2 beds at the Deep Creek pit" end of Cookes Mill Road,
Chesapeake, Virginia. Height 0.86 mm.

Etymology: named for the Greek letter.

526. Turbonilla (Pyrgiscus) diganunaCunpbell, new spe-
cies (Synonym : T. reticuluaEmmons, l858,non T. reticulaa
(C. B. Adams, 1850). Shell small, solid, high spired.
Whorls 9 o 10, slightly tabulatedatthe shoulder. Protoconch
small, oblique, rounded, smooth. Axial sculphrre of narrow,
shong, well elevated sinuous oblique ribs, 16 to 18 per
whorl; on body whorl, ribs lerminate anteriorly on a strong,
spiral, basal cord. Axial interspaces twice as wide as ribs.
Spiral sculpture of4 or 5 strong, narrow threads confined to
the axial interspaces, not crossing the ribs. Body whorl with
4 or 5 weaker spirals below the basal cord. This species
resembles the Recent f. (P.) reticulata, but the fossil is
stouterand has more vigorous sculpture. Height4.48 mm.
Znne2, Smithfield. Type locality: Rock Wharf, shell sand
above clay, south bank of the James River, just west of
Smithfield, Virginia.

Given the generalized locality "Miocene of lrnoir"
and the uncertainty of location of Emmons' type, stability is
better served by recognizing a new species rather than
erecting a replacement name.

Etymology: named for the Greek letter.

527. Twbonilla (Pyrgiscus) zeta Campbell, new species.
Shellsmall, solid, elongate. Whorls 5+ (incomplete),weakly
rounded. Sculpture cancellate. Axial ribs low, narrow,28
to 30; ending on a strong basal cord as in T. (P.) digurana,
but cord is higher on the whorl. Spiral threads subequal to
axials, relatively broader than nT. (P.\ disatwra. Aperture
oval. Base well rounded. Height (incomplete),2.90 mm.

Chowan Riverbeds, Chesapeake. Type locality: Deep
Creek pit, end of Cookes Mill Road, Chempeake, Virginia.

Etymology: named for the Greek letter.

528. Turbonilla (Pyrgiscus) eta Campbell, new species.
Shell small (large for the genus), solid, high spired. Whorls
9+, protoconch missing. Whorls constricted below the
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suture. Axial ribs broad, low, 16 per whorl; obsolete above
but becoming stronger across the whorl; axials obsolete on
thebody whorl. Spiral sculpture of 6broad,low, strap-like
ribs crossing axial ribs and interspaces alike. Spirals finer on
base of body whorl. Aperture oval. Height 8.84 mm.

Znne 2, Williamsburg. Type locality is Zone 2,
Williamsburg, Virginia, at the shellbankby the maintenance
shed, Golden Horseshoe Golf Course.

Etymology: named for the Greek letter.

529. Turbonilla (Pyrgiscus) daedaleum (H. C. Lea, 1843).
"Shell subulate, thin, imperforate, costiate, sriate; spire
attenuate, subovate, mammilate, smooth and polished near
the apex; sutures small, linear; whorls seven, flattened; s8iae
transverse, numerous, deep; costae longitudinal, numerous,
smooth, flattened; last whorl rounded; base striate, polished,
mouth nalrow, subquadrate; angulate above, effuse below;
outer lip acute" (H. C. Lca, 1846:269). Zone 2, Petersburg.

The type of L daedalewnhas22 strong axial ribs with
5 spiral threads in the upper whorls. Spirals resricted to the
axial interspaces.

Turbonilla (Pyr gis cus) intenupta (Totten, 1 835).
Erroneously reported from Yorktown and Chowan River
beds. (Appendix II).

Subgenus Bartschelh Iredale, 1917.
"Turbonillas with well-rounded whorls, markedwith srong
axial ribs and strong spiral cords, the junctions of which are
usually subnodulous" Abbott, 1974: 308).

530, Turbonilla (Bartschella\ iota Campbell, new species.
Shell small, thin, strong, high spired. Whorls 6 lD+,
incomplete. Sculpture cancellate; spirals slightly sEonger
than axials. Axial ribs 24 Wr whorl, narrow, with equal
interspaces; ribs slightly oblique to theright. Spirals coarse,
4 per whorl, 8 on body whorl; spiral interspaces of equal
width. Height4.?lmm.

Typical of the subgenus, this species looks like a too tall
O do st omia (C hry sallida) species.

7nne2, Chesapeake. Type locality: upper level, Zone
Z,D*p Creek pit, end of Cookes Mill Road, Chesapeake,
Virginia.

Etymology: named for the Greek letter.
Subfamily Cyclostremellinae Moore, 1966

Genus Cyclostremellc Bush, 1897
Minute, planorbid shells with an involute,large protoconch
and wide umbilicus in which the protoconch is plainly
visible.

532. Cyclostremella magnoliana Olsson, 1916. Shell
minute, planorbid. Whorls 2ll2. hotooonch immersed,
visible in floor of umbilicus. Suture broadly "V"-shaped,
deeply excavated, bordered above by a low spiral cord.
Periphery and outer edge of base with spiral incised lines;
sculpture strongest on base. Aperture squarish. Tnne 2,
Chuckatuck, Chesapeake, and llampton. Maximum diam-
eter 1.59 mm.

Considerable variation in sculpture is shown in the
material at hand.

Order Cephalaspidea P. Fischer, 1883

Superfamily Acteonacea Orbigny, 1 842
Family Acteonidae Orbigny

Genus Acteon Montfort' 1810
Small, inflated, thin shells with low to moderately high
spires. Sculpture lacking or of punctate spiral groves.

533. Acteon novellus Conrad, 1834 (Synonym: A. n.
nansmondensrs Gardner, 1948). Shell very small, thin,
inflated. Whorls 4 to 5, tabulated at the shoulder. Spire
elevated. Sculpnrre of evenly spaced, spiral cords with very
narow interspaces; cords may or may not be divided by a
medial line. Aperture oval, oblique. Height 5.30 mm.

Tnne2,Wilhamsburg,Smithfi eld,Chuckatuck,Chesa-
peake, and especially common at Rice's pit in Hampton.

534. Acteon vauglani lvlansfield, 1930. Shell as in A.
novellus, but smaller, with the posterior l/3 of the whorl
devoid of spiral sculpture. Znne2, Hampton.

A single specimen of this more typically southern
species was in the Rice's pit collection of the late Dr. Walley
Williams. The specimen is not avalilable for illustration (see

Mansfield, 1930 for an illustration).

Family Ringiculidae

Genus Ringicula Deshayes, 1838
Very small, helment-shaped shells with high spires, spiral
sculpture, a thickened outer lip, and 2 or 3 prominant
columellar folds.

535. Ringicula guppyi Dall, 1889. Shell minute, solid,
stocky. Whorls 3 ll2 ta 4, tabulated at the shoulder; suture
impressed. Spire elevated. Sculpture of l0 to 12 irregular,
incised spiral lines on the body whorl. Outer lip flaring, very
thick. Inner lip with a thickened callus; two oblique colu-
mellar folds. Height 2.76 mm. Chowan River beds at
Yadkin.

536. Ringicula sp. A single specimen of a small, relatively
short spired R ingicula,wx found by Dr. Williams at Rice's
pit, and donated to the Smithsonian. It cannot at present be
located. The short spire separates it from previously
described species. Tnne 2, Hampton.

Family Acteocinidae

Genus Acleo cina Gr aY, 1847
Cylindrical, very small 0o minute shells with an elongate,
spaulateaperture. Spire low to moderately high. Protoconch
involute but typically not totally immersed. Recent divi-
sions of this complex family are increasingly based on the

soft anatomy. Mikkelsen and Mikkelsen (1984, 1987)

clarify many of the species.

537. Acteocina candei (Orbigny, 1842) (Possible syn-
onyms: Acteo cina canaliculcta of authors, not of Say, 1826;

Acie o n w etlrcr illilea, l833of authors, notof Lea; ?Torrutina
cytindricaEmmons, 1858, Cy lichnavir ginica Conrad, 1868,

Acteo cina ce derstromiRichards, 1947; R etusa canaliculata
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vdughanicafiner, 1948). Shell very small, thin but srong,
cylindrical, smooth. Spire funcated; apex small, projecting,
involule, spire lacks an inter-sutural carinae. Height 5.39
mm. Zone 2, ubiquitous.

538. Acteocinamyrmccoon(Dall, 1895). Shell small (arge
for the genus); thin, fragile, smooth. Spire truncated,
protoconch protruding. Sufire deep, vertically impressed.
Columella with a single, very oblique fold. Height 6.30 mm.
Tnne L, WilliamsburgiT-one 2, Hampton.

This species can be separaM from other Yorktown
Acteocinaby its large size and rounded rather thancylindri-
cal outline.

539. Acteocina lepta Woodring, 1928. Shell very small,
slender, thin, cylindrical, smooth. Like A. candei, but with
a spiral carina on the spire between the sutures. Height 3.39
mm. Zone 2, Chesapeake, Virginia.

Mikkelsen and Mikkelsen (1987) provide an excellent
discussion and illusfations of this species.
Family Cylichnidae

Genus Cylichnaloven, 1846
"Small, cylindrical shells with the lower end truncate and
with the spire involute, leaving a small apical concavity.
Columella with I oblique fold" (Abbott, 1974:314).

540. CylichrwjohnsoniCmtpbell, new species. Shell small,
thin, perfectly smooth, cylindrical. Aperture narrow, spaht-
late, longer than body whorl. Spire broadly funnel-shaped,
with a small, very deep, cenral perforation. Columella with
a single, oblique fold. Height 11.58 mm.

C. dnplinensis (Dall) is smaller and possesses spiral
sculpture. C.johnsonimostresembles theRecent C. verrillii
Dall, 1 899 (see Abbott, 1 974: 3 I 5, for fi gure), but C . jo hnsoni
is proportionally more narrow. It may possibly be ancestral
to the Recent species.

Type locality is Zone I beds at the spillway of Tutter's
Neck Pond, Williamsburg, Virginia.

Etymology: named in recognition of the support given
by Dr. Gerald H. Johnson of the College of William and
Mary.

Genus Ctlichnella Gabb, 1873
Shells as in Cylichna, but usually smaller and with two
columellar folds low in the aperture.

541. Cylichnella species. Shell very small, thin, fragile,
inflated. Spire involute, perforated. Surface smooth. Colu-
mella broken, appears to have two folds. Height 2.39 mm.
7nne2, Chesapeake.

The four known specimens of this species are all
fragmentary. It has the general form of C. eburneaYerill,
1885, of the Recent fauna. Naming the species must await
the discovery of better material.

Family Philinidae

Genus Pftilize Ascanius, 1772
Very small, very thin shells with large, flaring apeilures.
Sculpture of spiral rows of oval punctae.
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542. Philine williamsi Campbell, new species. Shell very
small, thin, fragile. Spire bulbus, involute. Aperture very
large, flaring. Sculpture of numerous, fine, deeply punctate
spiral grooves. Outer lip thin, crenulated by the sculpture.
Height 2.75 mm.

P. williarnsi is broaderthan theRecentP. sagraOrbigny,
1 84 I , smaller and more quadrate than P . quadrara (S . Wood,
1839). This is the first Neogene record of the genus from
Easlern North America.

Tnne2,I{ampton and Chesapeake. Type locality is the
uppt Tane2level at the Deep CreekPit, end of Cookes Mill
Road, Chesapeake, Virginia.

Etymology: named in honor of Dr. Wally lVilliams who
has unselfishly assisted this project and who discovered the
first known specimen at Rice's Pit.

Family l{aminoeidae

Genus .,{rys Montfort, 18 10
Ova0e to inflated, involute shells with a n:urow aperture
extending well above the apex. Sculpture of spiral threads
becoming obsolete at mid-whorl.

-. 
Atys ortntaGardner,l948. North CarolinaYorktown

species not recovered in this study (Appendix I).

GenasHaminoea Turton and Kingston, 1830
Cylindrical !o very inflated, globose, paper-thin smooth
shells with large, flaring apertures. Spire involute.

543" Harninoea sp. Two specimens of an undescribed
species preserving a pair of narrow spiral color bands were
present in the collection of the late Dr. Walley Williams.

Tnne 2,Ilampton (at Rice's Pit). Height about I 0 mm.

Family Renrsidae

Genus Retusa Brown, 1827
Very small, cylindrical shells with very niurow apertures.
Apex truncated, nuclear whods immersed.

Subgenus Cylichnina Monterosato, 1884
Minute, slender, cylindrical shells with a perforate apex.
Often sculpnrred with axial grooves on the crown of the apex
or extending the length of the shell. Synonyms found in our
Tertiary literature include Sulcularia Dall, l92l and
Sulcoretusa Smith and Gordon, 1949.

544. Retusa (Cylichnina) microtrema Dall, 1896. Shell
minute, thin, fragile, cylindrical, smooth. Spire involute,
perforated. Aperture very narow, extending the length of
the shell. Surface smooth except for very fine lines of
growth. Height2.54 mm.
Tline 2,W illiamsburg, Hampton, Suffolk (at Chuckatuck).

545. Retusa chesapeakensrs Campbell, new qpecies. Shell
minute, thin, fragile, stocky, cylindrical. Spire involute,
deeply perforated. Aperture very narrow, extending the
length of the shell. Outer lip inflexed. Shell smooth, except
forfine growth lines and acrown of very fine, axial grooves
on the spire. Height 2.51 mm. Tnne 2,Ilampton and
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Chesapeake. Type locality: the upper Tnne2level at the
Deep Creek pit, end of Cookes Mill Road, Chesapeake,
Virginia.

R . chesapeakensrs is smaller and proportionally broader
than R. microtr ema, and shows microscopic sculpture on the
crown.

Etymology: named for the City of Chesapeake.

Genus Volvulella Newton, 1891
Small, slender, spindle-shaped shells with the apex imperfo-
rate, commonly drawn out into a point.

546. Volvulella cylindra (H. C. Lea, 1843). Shell small,
elongate, bluntly tapering at both ends. Spire involute,
imperforate, lacking a sharp, pointed apex. Inner lip with a
prominent columellar fold. Sculpture of spiral incised lines
on the lower 1/3 of the shell. Height 5.53 mm. 7.rlne l,
Williamsburg, T,rline 2, Petersburg,llampton, Suffolk, and
Chesapeake.

Juveniles of this species are proportionally slimmer.

Order Thecosoma0a
Suborder Euthecosomata
Family Limacinidae

Genus Limacina Bosc, 1817
Small lo minute, very thin shelled, ftansparent to trans-

lucent, sinistral shells with a low, planorbid to rattrer high
spire.

547. Littncina chesapeakensrs Campbell, new species.
Shell crinute, very thin and fragile, translucent, sinistral,
smootft. Early juveniles high sprred; subsequent growth
progressively envelopes the spire; adult shetls planorbid,
involute, with aperforate spire and narrow, deep umbilicus.
Outer lip very thin, without a pdecting spur. Diameter I .20
mm.

L. chesapeakensls adult forms resemble a minute fresh-
water Planorb,ls. From the modern, planorbid pteropod,l.
inflata (Orbigny, 1836), the new species differs in being
multiwhorled and in lacking the prominent spur on the outer
lip. Limacina chcsapeakcnsis more closely resembles
Limacina atlanta (Morch, 1874) as illusrarcd by Janssen
(198e).

Tnne2,Hampton and Chesapeake. Type locality is the
tpper Tnne2level at the Deep Creek pit, end of Cookes Mill
Road, Chesapeake, Virginia.

Etymology: named for the type locality.

Family Cuvieridae
Subfamily Clionae

Genus Creseis Rang, 1828
Small, tapered, very elongate cones; nearly circular in cross
section. Commonly called "needle pteropods"

548. Creseis acicula (Rang, 1828). Shell small ro very
small, fragile, cylindrical, tapering, exceedingly n:urow,
needlelike.

Recent populations I have examined show a gtreater
range of variation in relativeproportion than do the yorktown

specimens. L,ength 5.9 mm. Tnne2,Yorklown, Hampton,
Chuckatuck; commonly at Chesapeake.

Creseis ac iculc is common in recent, mid-shelf deposits
but is typically absent from near shore deposits from the
Carolinas. However, Lyons (1989) decuments very large
inshore concentrations of the species at Hutchinson Island,
Florida, and it can be found in beach drift at Pensacola
Beach, Florida.

Genus Hyalocylis Fol, 1875
Shell very small, shaped like a narow cone or funnel;
sculpture of conspicuouc annulations.

549. Hyalocylis striata(Rang, 1828). Shell small, exceed-
ingly thin and fragile; conic. Sculpture of rather broad,
concentric annulations. Tnne 2, Chesapeake.

No significant difference is apparent betrveen the fossil
andRecentshells. Thisandthefollowing specieswere found
packed with other shells in the cavity of alarge Busycon.

This, and the following two species were senl to and
identified by the late Dr. Allen Be. Unfortunately, the
unique malerial was not returned before his death, and the
staff at Lamont were unable to discover the package. Be-
cause no subsequent material hasbeen discovered, figuresof
conspecific material are here borrowed with permission
from Abbou, 1974.

Subfamily Cavoliniinae

Genus Cavolinia Abildgaard, 1791
Small, thin, inflated, bilaterally symetrical shells with a
dorsal, hooded aper&re. Shell body bulbus, tapering ven-
trally to a blunt to sharp poinL Ventral margin usually with
spurs or flanges at the outer corners.

550. Cavolinia uncinata (Rang, 1829). *6 to ll mm. in
length. Brownish. Dorsal lip with a thin margin. Ventral lip
not more developed than the dorsal one. Shell with distinct
lateral poinc. Upper lip flattened posteriorly. Generally a
warm-water species. C. uncinatiforzr Pfeiffer, 1880, and
roperi and pulsa van der Spoel, 1967, are synonyms"
(Abbott, 197 4:327). Tnne 2, Chesapeake.

551. Cnolinia cf. C. ventricosa (Guppy, 1882). 'Almost
globular, rounded and much inflated in front; lower valve
swollen; upper value spoon-shaped, inflated, adorned by
three keels or ribs radiating from the umbo to the extremely
reflected and recurved lip; the central keel more pronounced
and distincu the lateral ones broader and more rounded;
lateral mucrones simply angular, not pointed, terminal
mucro short and pointed; mouth narrow, hidden by the
protusion of the sharp thin lip. Length 4 U2 mill.,breadth
4 mill" (Collins, 193: 184). 7-one2, Hampron.

Two fragments of a small Cavolinia found by Dr.
Williams at Rice's pit, Hampton, appear best referred 0o this
species.

Order Basommatophora
Superfamily Melampidacea
Family Melampidae
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Genus Mclampus Montfort" ltlO
Shell small, thin, subcylindrical, inflated. Columellawith 2
or 3 folds. Salt marsh air breathing snails.

-. 
Melampus longidens Conrad, 1863. "Acutely oval;

spire conical, mucronate at the top; whorls 7; suture pro-
found; aperture very narrow; labrum den0o-striate within;
base of columella with an elongated, slightly curved plate,
directed obliquely upwards in the line of the aperture"

No additional Yorktown records or specimens of ttris
species have been discovered. Conrad's specimen was
probably a Pleistocene or recent Melampus bidentalrs Say,
1822

FRESH WATER AND TERRESTRIAL TAXA

Genus Viviparus Montfort, 1810
552. Viviparus glaber (H. C. Lea, 1843). "Shell ovately
turbinale, elevated, thin, umbilicate, smooth, polished; spire
elevated, rounded; sutures small, linear: whorls 

-, 

very
convex; last whorl rounded; base smooth, umbilicus small;
mouth ovale, angularabove, roundedbelow; outer lip aCute"
(H. C. Lea rM6: 267).

Lea noted the similarity between this and "Palud.irw
vivipara" in his comments, but dismissed the idea because
the species was presumably marine. Dall, quoted in
Henderson (1935), stated that the type was in the collections
of the National Museum and was definitely aViviparus.

Lea stated that his specimen laCked the spire, but his
figure shows tlntfeaurre. Artist's licenseaside,Lea'sFigure
87 is easily recognizable as a specimen of fte common
Lunatia perspecfiva @ogers and Rogers), species number
350 in the present work. Espgcially lelling are the size and
form of the umbilicus and the wash ofcalluson theinnerlip,
as figured. Consequently, I conclude that Lea's species has
not been figured, and that the figure of "Twbo glaber"
should not used in the species concept.

Until the type can be reexamined, is relationship to the
following can not be ascertained.

7nne2, Petersburg.

553. Viviparus qp. cf. V. emmonsiHenderson, 1935 (Syn-
onym: P aludina subglobosaSay Emmons, I 858, notof Say,
1825). Shell small, roughened by erosion, rounded, thin,
inflated. Aperture oval. Spire fairly high, shouldered . 7nrrc
2, Williamsburg, campus of College of William and Mary.
Height22 mm.

This species was found with abundant Corbicnla, a fresh
water clam discussed earlier in the text.

554. Viviparus sp. A single specimen was found with the
proceeding, and is now in ttre collections of the Geology
Department, College of William and Mary. The form was
smaller, and had a distinct angulation, forming a low keel on
tlre whorls. This feature may place it into the genus Liaplax.
Height about l0 to 12 mm.

555. Viviparns sp. Shell small, globose, thin. Umbilicus
very small, nearly blocked by callus. Body whorl with two
very low keels. Upper whorls slightly tabulated, angular,

VIRGINIA DIVISION OF MINERAL RESOIJRCES

with a low keel at the periphery. Chowan River beds,
Chesapeake. Height 12.73 mm.

Family Helicidae

Genus Ple w odonte Fischer
Pleurodonte strangulata (C. B. Adams). Conrad

tentatively reported this Jamaican land snail from Yorktown
(Conrad, 1876), but all subsequent authors (see Henderson,
1935: 142) have been of the opinion that an Academy
qpecimen fell into Conrad's box of Yorktown fossils after he
opened it in Philadelphia. The species has no validity as a

Yorkown fossil.

Family unknown

556, Incerta sedis. Herc figured is the broken protoconch
and early whorls of agasnopod which has eluded all efforts
o determine it, even to family. It occurred with the Vivi
parw in the lower Chowan River beds and has much the
same staining andpreservational appearance. The specimen
has a small, very worn protoconch, and an irregular, noded
keel.

Chowan Riverbeds, Chesapeake. Height (incomplete)
13 mm.
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APPENDIX I

NORTH CAROLINA MOLLUSCS FROM THE
YORKTOWN AND CHOWAN RIVER
FORMATIONS NOT YET REPORTED

IN VIRGINIA.

The following species are taken from the literature and
are here enumeraled in order !o more completely document
the Yorktown and Chowan River faunas. The Norttr Caro-
lina Pliocene also iircludes molluscan assemblages from the
Yorktownbasin which appear!obeyoungerthan theChowan
River. These include theassemblagedescribedby Wardand
Blackwelder(1987) from Aurora (Appendix III; cofumn 39),
and the assemblage from the James City Formation (Appen-
dix III, column 38).

NORTH CAROLINA YORKTOWN SPECIES

BIVALVES
Placopecten sp. cf. P. magellanicus (Gmelin)
Mysella velaini Gardner, 1944
S pqr t e lla c al pix Gardner, tP 1,4

Astarte griftonensis Gar'dner, 1944
Eucrassatella speciosa (A. Adams, 1852)
Te llina verdevilla Gardner, 1944
Pitar castorianc (Gardner, 1944)
Genvna cr(Nenense Gardner, 1944
Genvna verdevilla Gardner, 1944

GASTROPODS
Diodora carolinensis (Conrad, 1873)
Calliostoma vir ginicum lwrtfordense Gardner, 1948
I lyanassa gastrophila (Olsson, 19 16)
Terebra unilircata (Conrad, 1841)
Mangelia emissaria Olsson, 1916
Atys ornata Gardner, 1948

NORTH CAROLINA CHOWAN RIVER SPECIES
(Iakenprimarily from Bailey, l9l7,Gardner, 1944,Gardner,
1947, Mansfield, 1928, and Mansfield, 1936).

BIVALVES
Anadara sp., aff. A. compyla (Dall, 1898)
Noetia carolinensis Conrad, 1862
Pecten sp. cf. P. senru Reeve, 1853
Anomiq acule ata Gmelin, 1792
B ellucina wacccnwwensis delandensis (Mansfield, 19 18)
Cavilinga trisulcata (Conrad, 184 1)
Cavilinga trisulcata albertwrlensls (Richards, 1947)
Diplodonta sp., cf. D. caloosacnsls Dall, 1900
Echino chutw arcirclla (Linnaeus, 1758)
Aligena chowanensis Gardner, 1944
F abella calpix Gafiner, lg$
Eucrassatella speciosa (A. Adams, 1852)
Trachy cardiwn k o cardia (Linnaeus, 1758)
Spisula subparilis (Conrad, 184 1)
Tellina propetenella Dall (enor for T. propetenera Dall,
1900)
Tellina tq(nna Dall, 1900
C hione canc ellata (Linnaeus, 1767)

Gemru trigota Dall, 1903
Parastarte sp. cf. P, triquetra (Conrad, 1846)
Caryocorbula contacta (Say, 1822)
P andora triline ata Say, 1822
Anisothyis sp.

SCAPHOPOD
C dulus quadridentatus (Dall, I 88 l)

GASTROPODS
Diodora cayenensk (Lamarck, 1822)
C ae c um r e g ulare Qrpenter, 1858 (= Q . pvl c he I I wn Sflmpson,
1851)
Epianium soyanwnDall, 1889 (= E. hurnphreysi (Kiener,
1838))
Anai ii s av ar a t r ans I ir at a (Ravenel, I 8 6 I ) (= A. t afr e s nay i )
B usycotypus canaliculatum (Linnaeus, I 758)
Drillia sp. aff. D. swnterensrc Gardner and Aldrich, 1919
Cor4psodrillia chowaransis Gardner, 1948
Mangelia eritimaBush, 1885
Odastomia sp. cf. O. conoidea (Brocchi, l8l4)
Clvysallida seminuda (C. B. Adams, 1837)
Turbonilla nivea (Stimpson, I 85 l)
Twbonilla intenupta (Totten, 1835)
Acteocina canaliculata (Say, 1822)
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APPENDIX II

I.JNCERTAIN OR DOUBTFTJL YORKTOWN
RECORDS

This appendix documentes missidentifications, nude
names , doubtful names, manuscript names , and other invalid
Yorktown records. Additionally, l8th and l9th century
literature often cites only "Virginia" as locality data, and
occasionally taxa were proposed without locality. Where
possible, these species are assigned to their proper age and
formation. Meek (1864) compiled a listing of the North
American Miocene fossils, using among other resources,
manuscript lists provided by Conrad. These include a
number of nude names which reflect either Comad's well
known faulty memory or specimen lable names which
Conrad intended to publish. I have consulted Conrad's
original papers and the compilations by Moore (1960) and
Richards (1968) in an effort determine the status of these
names. Occasionally, the literature will list a unique Vir-
giniarecordof awell known, easily identified species which
remains unverified after extensive search of sratigraphic
collections and outcrops. Such records are here freated as
possible but problematical.

Arca carolinensls Conrad Meek, 1864. This is Noetia
carolinensis Conrad, 1862, which has been reported from the
Chowan Riverbedsof North Carolina,buthas notas yetbeen
recovered in Virginia.

Arca idoneaSay H. C. Lea, 1845. The acnral authorship is
Conrad, 1832. There remains some question of the exact
provenance of the type and therefore some question of
application of the name. Two closely related species are
involved, the common late Miocene St. Marys andEaslover
form traditionally calledAnadara idonea, and the very rare
Pliocene form found from Virginia to Flori dacalledAnadara
carolinensis (Dall, 1898). Richards (1968:56) records the
typ of.Arcaidonea Conrad as coming from the St. Marys.

Anfura clisea (Dall, 1898) Sheldon, 1917. Properly
restricted, this is a pre-Yorktown species.

Anadara transversa (Say, 1822) (Synonyms: Scapharca
ransversa (Say) Conrad Meek, 1864; notArca transversa
Portlock, l%3,or Arcatransversa Morris & Lycefi, l&43)

Arcopsis adamsii (Dall, 1886). Gardner, 1926,p. 28,records
this species but a search of both the biologic and srati-
graphic collections at the National Museum failed to dis-
cover a York0own specimen, and no subsequent record is
known. Ward and Blackwelder (1987) assigned this species
to the genus Quadrilatera.

Glycyneris laevis (fuomey and Holmes, 1856) (Synonyms:
P ectunculus laevrs Tuomey and Holmes, 1856; P ectunculus
virginiae "Wagner" Dall, 1898. Tuomey and Holmes
indicate that their species was also found in Virginia,
probably referencing Glyqtrcris twtulns (see below.) The
syntypes from Lake Waccamaw, North Carolina, have
recently been discussed and illusrated by Spamer and
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Forster (1988, p. 67-68, plate 6).

Glycyrneris pcrilrs (Conrad, 1843) (Synonym: P ectunculus
parilis Conrad, 1843). Properly restricted, this is a pre-
Yorklown, middle Miocene species.

Glycymeris reflemOlsnn,l9l6. This nude name occurs in
the middle of a sratigraphic discussion, and there is no
indication that Olsson was intending to erect a new taxon.
Thebestexplanation is thatOlsson wasreferingto Panopea
reflem Say. Early on, "Glycymeris" was proposed for
glycymerids and for panopeas by different authors. The
glycymerids had priority, but Olsson's reference may well
be a lapse based on the other usage.

Glycymeris twnulus (Conrad, 1845) (Synonyms: Axinaea
tumulus Conrad Meek, 1864; P e ctunculus tumulus Conrad,
l&15). This is apre-Yorktown, EastoverFormation species.

MelinamaxillataLarnarck Lyell, 1845. The species is also
European. Much disagreement remains over the generic
placement, but by whatever genus, the species became
extinct in the Western Atlantic at the end of the Eastover,
and is therefore pre-Yorktown. There are authors who have
incorporated the Eastover into their Yorklown Formation
concept and who therefore cite ftis as a valid Yorktown
species.

I scladiwn recurvum @aftnesque, I 820) (Synonym: Mytilus
lantatus Say 1822). Clark and Miller (L912) and Gardner
(1944) have reported ttris species from the Yorktown beds,
but all available material is fragmented and not accurately
identifiable even to genus.

Perna conradianas Orbigny, 1852 (Synonyms: Mytilus
incrassatus Conrad, 1841, not of Deshayes, 1830;
Mytiloconcha incrassata Conrad Meek, 1864; Mytilus
conradinus Orbigny, 1852). Apart from a suggestive but
non-definitive fragment from Petersburg, there is no Vir-
ginia material in hand !o document this common Duplin to
Southern Florida species.

Crenella glandula Totten (Synonym: Modiola glandula
Totten Lyell, 1845). Properly restricted, C. glandula is a
Pleistocene and recent species. It is uncertain which of the
various Yorktown mussels Lyell intended.

Modiolus ducatelli (Conrad, 1840). Properly resricted, this
is a middle Miocene species known from Maryland and
Florida. It is laterally rather than dorsoventrally inflated.
All specimens labledM. ducatelli in the National Museum
stratigraphic collections are fragments. All complete large
Modiohts I have seen from the Yorktown belong to M.
inflatw.

Modiola spinigera H. C. Lea, 1843 (Synonym: Volsella ?

spinigera (H. C. Lea, I 843) Meek, I 864). The type appears
to be missing from the Academy of Natural Sciences
collections, and bo0r Lea's description and figure are insuf-
ficient for accurale identification. Dall (1898) suggested
that the form might b e aCrerclla,but the figure and original
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generic assignment also suggest Mus calus vir grnicas (Conrad,
1867).

Pectenbifurmis Conrad, 1843. Properly restricted, this is an
Oligocene species.

Pecten dispalatus Cowd, 1845. hoperly restricted, this is
an Oligocene species.

Pecten marylandicas Wagner Clark and Miller, 1912.
Properly restricted, this is a middle Miocene species.

Pecten principoides Emmons, 1858. Properly restricted,
this is a pre-Yorktown, Eastover Foramtion species.

Pecten tricenarius Conrad, 1843 (Meek, 1864). Properly
restricted, this is an Oligocene species.

Ae quip e c t en mnscosrs (Wood, I 828) Dall (in Shaler, 1 890).
Shaler's report on the Great Dismal Swamp included fossil
shells from spoil of apparently mixed Yorktown and Chowan
River deposits. True Aequipecten muscosus is a well in-
flated, prickly scallop quite unlike any Virginia Pliocene
species. Exactly which species was intended can not now be
determined.

Argopecten gibbus (Linnaeus) Tucker-Rowland, 1938.
Waller(1969) couldnotdocumentany Yorktown records for
this typically Pleistocene and recent species.

Argopecten vicenarius (Conrad) (Synonyms: Pecten
vicena;ius Conrad, 1843 of Meek, l86y'; A. vicenarius
(Conrad) Ward and Blackwelder, I 9 80). Both Meek ( 1 864)
and Ward and Blackwelder (1980) cite this species from
Virginia, the latter as a Yorktown species. On the other
hand, Waller (L969) has demonsfrated the species to be
characteristic of the younger, Waccamaw beds. Virginia
records of this species are here considered to be problemati-
cal.

C he sape cte n middle sexcnsis (tvlansfield, 1936) Sabol, I 960.
Properly restricted, this is an Eastover Formation species.

Pseudamassilnn sp. Bird, 1965. True Pseudamussium arc
very small, fragile scallops typical of the deeper waters of
the outer shelf. This 7-one I record is probably based on a
javenile Amusiwn or, more likely, Placopecten.

Lilru papyria Conrad of Meyer, 1888. Properly restricted,
this is a middle Miocene species. Meyer probably had a
specimen of Linariapellacida (C. B. Adams, 1846).

Anomiadelurnbis Conrad Meek, 1864. This appears to be
anottuen nu&pn.

Anomia squamula Linnaeus, 1758 (Synonym: Anomia
aculeata (Muller, 1776). Dall (1898:785) states "Upper
Miocene of York River, Virginia, Harris; . . . The presence of
this species in the Virginia Miocene is established by some
beautifully preserved small valves with characteristic sculp-

fireobtainedby Mr. Ilarris." Similarvalves ftom Chuckanrck
were at first assigned to A. aculeata, but adult forms proved
to be a species of Pododesmus.

Anomia ruffini Conrad, 1844 Meek, 1864. Properly re-
stricted, this is an Oligocene species (Ward, 1992).

Ostrea verpertina Conrad Meek, 1864. Listed in Meek
without locality, Richards (1968) states that this belongs to
the Califomia Pliocene.

LucinaamericanaDefrance of Meek, 1864. This appears !o
be a synonym of one of the common r@ent Western Atlantic
lucinid clams, but the name is not discussed by Dall (1903)
or Abbott (1974). Meek's 1 864 listing of a Virginia record
cannot be applied with certainty to any of the various
Yorklown species.

Lucina edentula Say H. C. Lea, 1845. This is a confusing
list enry. The only Say usage I can find is Cyclas edentula
Say, 1829. Lea may have had in mind Venus edentula
(Linnaeus, 1758), a European species which is the type of
Anodontia in the Lucinidae. If so, this may reference
Pseudomiltlnanodonta (Say, 1824), but there is no way of
settling the question.

Lucina (Cyclas) Conradi Orbigny Meek, 1864 (Synonym:
Lucina divaricata Linnaeus of Conrad, not of Linnaeus).
Orbigny (1852) proposed a replacement name which is a
synonym of his Divalinga quadrisulcata (Orbigny,lU2).

Diplodanta deltoidea Conrad, 1860 (Synonym: Misic
deltoidea Conrad, 1865). Properly restricted, this is a
synonym of the Eocene species, Diplodonta ungulina
(Conrad).

Borniamactroides (Cowad, 1834) Meyer, 1888a. Properly
restricted, this is a Choptank Formation, Maryland Miocene
species.

Aligena sharpei Meyer, 1888b. An odd species from an odd
and apparently completely overlooked paper. The new
species was among about a dozen species discovered inside
a barnacle two inches in diameter found on "the west shore
of the Chesapeake Bay." This locality suggests the cliffs in
Maryland, but a Vfuginia locality can not be ruled out. The
identification of the accompanying listed fauna is stated to
be preliminary, and contains species unique to Maryland as

well as uniquely Yorktown taxa. The only detailed descrip-
tions contained in the short paper are that of the new species
and, rather surprisingly, the barnacle. Victor Zullo (1991,
personnal communication) suggests that the barnacle best
matches with certain Chopank Formation specimens. A
complete analysis of the Meyerpaper will be published later.

Pteromeris perplana (Conrad, 1841) (Synonym: Cardita
perplana Conrad, 1841). Adult P. perplanaarcdistinctive
bivalves which do not occur in any of the Yorktown
collections I have examined. However, juveniles may be
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confused with P. abbreviata (Conrad, 1841), a oommon
Yorktown species which has been synonymized with P.
perplanaby some authors. Here, the two are considered to
be distinct, and the Virginia records of P. perplana arc
considered suspect.

Astarte lirataConrad,Lyell, 1845. No such Conrad species
seems to exist. Neither Moore 09A) or Richards (1968)
document the taxon.

Astarte obruta Conrad, 1840. Conrad (1840) cited an
original locality of "lvlaryland and Virginia". Properly
restricted, this is a Maryland Miocene species.

Astarte virginica Conrad, 1863. The type is missing and
both description and orginial locality data are inadequate.
This may be an older name forAstarte rappalwnnoclcensis
Gardner, 1944, a pre-Yorktown EastoverFormation species,
but the name is best considered a nonun dubium.

Crassatella melina Conrad H. C. Lea, 1845. Properly
restricted, this is a middle Miocene species.

Cardium cqrolinensis Conmd. Conrad, 1862, proposed C.
carolinensis as a replacementfor Cardiurnmagnwn Born of
Tuomey and Holmes, 1856; Conrad, 1867, propoSed C.
carol ine nsis asa new name for C ar diurn mur icatutnLrnnretrs
of Tuomey and Holmes, 1856, not of Linnaeus, 1758 ( =
Trachycardiwn oedalium (Dall, 1900). Conrad, 1873, pro-
posed C. corolinensis for a Cretaceous species from North
Carolina. If the South Carolina Pliocene Laevicardiwn
(Dinocardilnt) species is distinct from the recent L. (D.)
obustum (= Cardium magnum Born), as Ward and
Blackwelder (1987) have proposed, rlren Cardium
carolinensis Conrad, 1862, is the oldest name available. In
my opinion, the fossil and recent populations represent
variation within a single species. The trro later uses are
homonyms and therefore invalid. By any of the three species
concepts, the Virginia record can be ignored.

Cardiwn islandicurnBruguiere, 1789 Dall (in Shaler, 1890).
Which of the various cockle species Dall intended can not
now be determined.

Cardiwtt robustwn Solander Clark and Miller, 1912.
I-aevicar dfiun (D inocardium) robustum (Lightroot) has not
been subsequently recovered from any Yorktown locality,
although it does occur in the overlying Chowan River beds.

Americardia trudia $-ntaeus, 1758). Specimens which I
earlier identified from Williamsburg as worn, broken A.
media are actually Clinocardium (Planicardium')
acutilaqueatamr (Conrad)

Spisula &rylbrcnsis (Dall). Ward and Blackwelder (1980)
illustrate a broken valve as this species. The record is here
treated as problematical, pending discovery of a comple[e,
unequivocal specimen.

Spisula subparilis (Comad, 1841). This species was origi-
nally described from the Waccamaw beds of Wilmington,
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North Carolina. Reports of this species in the Virginia
Yorktown are probably based on Spisula rnodicella.

Mulinia lateralis (Say, 1822). Dall (1898) was the first to
record this species as Yorktown, but the only Yorkown
specimens so labled in the United States Geological Survey
saatigraphic collections are indetenninate juveni[e M ulinia
which might be equally well assigned ta M'. congesta.

Typtcat &ult Mulinia lateralis fnstappear in the overlying
Chowan River beds.

Tellina producla Conrad, 1840 of Clark and Miller, 1912.
Properly restricted, this is a middle Miocene speqies.

Setnele scintillataDall Richards, 1947. Properly restricted,
this is a Chipola Miocene species. Richards record is
apparently either missidentifi cation or a pre-YorkOwn speci-
men.

Euloxa latisulcata Conrad Meek, 1864. This is a pre-
Yorktown, Eastover Formation species.

Venx asciaE. C. Lea, 1843. This is anotrundubiwn. fre
type is lostand the figure and description top indefinite for
certain assignment.

Mercenaria berryi Gardner, 1948 Blackwelder and Ward,
1976. This species appears to be restricted m the Eastover
Formation.

Mercerwriaviolacea Schumacher? of Meek, 1864. This
color morph of Mercenaria mercenaria can not be distin-
guished in any of the fossil material I have examined.

C hione alveata(Conrad, I 83 I ) (Synon ym: V e nus alveatus
Comad, 1831). Properly restricted, this is a late Miocene
species found in the St. Marys and Eastover formations.

Pitar morrhuarw(Linsley, 1&45). hoperly resricted, this is
a late Pleistocene and recent species ioasily confounded with
P. sayaru (Conrad), its probable ancesfor.

Pitar subnasntc (Conrad, 1841) of Dall, 1903. This species
was descritred from Maryland. Palmer(1928) synonymized
it with P. sayana.

M acr o c all i s t a emtno nsi Ciudner, l9M. Druid Wilson ( 1 97 8,
personal communication) has shown that this species yas
based upon a European specimen which was accidently
admixed with the Emmons collection.

Dione spherica (Il. C.Lea) Meek, 1864. This is a junior
synonym for Diplodonta nucleifonnrs (Wagner).

Mya producta Comad, 1838. Conrad reported this species
from Yorktown, Virginia, but it has subsequently been
found only in the ChopankFormation of ltdaryland.

Parwpeaoturicara Conrad 1838 Lyell, l&45. hoperly
restricted, this is a lvlaryland Miocene species.
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Twritella linncec Dujardin Lyell, 1845, The authorship is
actually Deshayes. According to Heilprin (1884), this
European species resembles Turritella plebic Say.

Turritella plebia Conrad Richards, 1947 (Synonyms:
Twrilella plebia Say, 1824; Turritella plebia carinata
Gardner, 1948, not T. carinata Lea, 1833, or Muenster,
1 84 1 ). The authorship is actually Say. T. ple bia is acommon
pre-Yorktown species common in the late Miocene St.
Marysand Eastoverformaiions. Gardner's subqpeciesname
is twice preoccupied and is pazzling because she was
certainly familiar with the Lea usage.

Twrilellavariabilis Conrad, 1830 (Replacement name: ?.
subvariabilis Orbigny, 1852; not T. variabilis Defrance,
1828): This pre-Yorktown species hasbeen usedas a catch-
all name for any and all Atlantic Coastal Plain Tunitellas.
Being preoccupied, it is an invalid name.

Anguinella virginiana (Conrad) Heilprin, 1884. hoperly
restricted, this is a pre-Yorktown, Maryland Miocene and
Eastover species,

Scala arctata Comad, of Meek, 1864. This is t nomen
nudurn or mmttscript name because it does not seem to have
been cited by Conrad. There is a specimen so labled, ANSP
17138.

Scala clatlva Lamarck (Conrad) Meek, 1864. Properly
restricted, this European recent Epitoniwn has no valid
status in Atlantic Coastal Plain faunas. It is a common 19th
century missidentification.

Scala distans Conrad, 1862. This is a nomen nudum.

Scalaria pachyplewa Conrad, Meek, 1864. Roperly
restricted, this is a pre-Yorktown, I\ifaryland Miocene
species.

Scala procera Conrad, 1844. The type is lost, the species
unfigured, and the description inadequale. Thecited size is
too large for any of the numerous Yorktown Epitonium
documented in this work.

Calyptraea aperta (Solander) Richards, 1947. This spiny
C alyptrae atnsbeen reported from the Eocene of Europe and
of the Atlantic Coasal Plain, and occurs in the Maryland
Mocene. It is not a part of the Yorktown fauna.

Calyptraea sinensrs Linnaeus Lyell, 1845. This is an
Eastern Atlantic species.

Crepidula liratc Conrad Twardy ,1936. Properly resfricted,
this is an Eocene specios.

Cyprua annulifuaenwd" 1863. (Senior synonym: Cyprrea
annulus (Linnaeus, 1758), Dall notes that Conrad described
a recent, Indo-Pacific shell, possibly dumped on the beach
by an Indian trader.

Pyula jamesii Olsson, 1914. Pyrulais a junior synonym of

Periplona applicata Conrad, 1834. Richards (1968) re-
corded this Vicksburg Oligocene species from a Yorktown
locality. The record is plainly a lapse or missprint.

Pholadomya abrapta Conrad of Clark and Miller, 1912.
This is a misspellingof Margaritaria abrupta Conrad.

Dentaliwn dentale Clark and Miller, 1912. This is a
misqpelling of D. entaleLinnaeus which isknown only from
the recent and Pleistocene.

Caduhts carolinensis Bush, 1885 Dall (in Shaler, 1890).
This species has not subsequently been recovered from
Pliocene deposits in Virginia,

Fisswidea nurylandica Conrad, 1841 Clark and Miller,
1912. Properly restricted, this is apre-Yorktown, Maryland
Miocene species.

Fisstridea nassula Conrad Twardy, 1936. Properly re-
sricted, this is a pre-Yorktown, Maryland Miocen6 species.

Diodora altico stata (Conrad. 1834). Properly resnic@d, this
species is restricted !o St. Marys faunas. It somewhat
resemblesD, oblonga (H. C. Lea), the common Yorktown
zone2 species.

Calliastoma armillus (H. C. Lea, 1843). The holotype is
missing and rhe original description and figwe are equivo-
cal. It is best treated as a nomen &tbium.

Calliostottu apheliwn Dall Twardy, 1936. hoperly re-
sricted, this is a pre-Yorktown, Maryland Miocene species.

Trochus cinctw "'Wagner" Dall, 1898. This Calliostona
from unknown locality does not resembleany of the Yorttown
species.

Calliostoma distans Conrad Clark and Miller, !9L2, and
Twardy, 1936. Properly resfiicted, this is a pre-Yorklown,
Ittlaryland Miocene species.

Calliostoma humilis Conrad Clark and Miller, 1912;
Richards, 1947 Properly restricted, this is apre-Yorktown,
I\4aryland Miocene species.

Solariella cancellata (Conrad, 1833). The original refer-
ence states that the specimen came ftom "Suffolk, Vir-
ginia", but Conrad (1836) corrected this ro Claiborne,
Alabama. The holotype is the Eocene species.

Delphinula naticoides H. C. Lea, 1843. Nonun dubiwn.
The type is lost and both description and illustration are
insufficient for certain identification.

Twritella indenta Emrnons of lleilprin, 1884. hoperly
resricted, this is a more southern species common in the
Duplin beds of North and South Carolina.

Twritella interrupta Totten Meek, 1864. This is either a
lapse for Turbonilla interrupta,or a nude name.
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Ficrs, the fig shells. No subsequent specimen resembling
Olsson's ratherpoor figure has been discovered and the type
is lost. Pending rediscovery, the species is here considered
uncertain.

Urosalpinx cinereus (Say,1822) (Synonymsz Fusus cinererx
Say H. C. Lea, 1845;Fzsrs cinereusLinnaeuslyell, 1845).
This Pleistocene and recent species was commonly
missidentified with one or more of the Yorktown species.

Urosalpira gardnerae Twardy, 1936. A manuscript name
proposed in thesis.

Urosalpinx rusticus (Conrad, 1832) (Synonymns: Frsrs
rusticus Conrad, 1832, not of Sowerby, 1831; Frsts
subrusticus Orbigny, I 852 rcplacement nam e;notu ro salpim
rusticus Conrad Johnson, 1972). Properly resricted, this is
a Maryland Miocene species.

Mwicidea veronicae Twardy, 1936. A manuscript name
proposed in thesis

Eupleura caudata (Say,1822). A common late Pliocene,
Pleistocene and recent species which first makes its appear-
ance in the Waccamaw faunas.

Purpwa lapillus Linnaeus Lyell, 1845. This boreal, Pleis-
tocene and recent species bars some resemblance to certain
of theP ty c lw sal pim species.

Ecplara tricostata Marrtin Richards, 1947. Properly re-
sricrcd, this is a pre-Yorktown, Maryland Miocene species.

Anachis obesa (C. B. Adams, 1845) Gardner, 1948. TrueA.
obesa first appqrs in the Waccamaw faunas and is most
common in the Pleistocene and recent. Exactly which
Yorktown columbellid Gardner had can not now be deter-
mined.

Mitrella lunata (Say) Gardner, 1948. True M. lunata is a
post-Yorktown species.

Liome sus stimpsonii Dall Dall (in Shaler, I 890). The recent
genus, Liornesus,isclosely relued a Ptyclnsalpinx.. Which
of the several Yorktown Ptychosalpim species Dall in-
tended can not now be determined.

B nsycon carinatwnCowad Meek, 1864. Described without
certain locality, this qpecies is now known from the Little
Cove Point beds of Maryland (Ward, 1980, personnal com-
munication).

Fulgur coronatumConrad(Clark and Miller, 19f 2). Prop-
erly restricted, this is a pre-Yorktown, Maryland Miocene
species.

Fulgur spiniger Conrad Clark and Miller, 1912. Properly
restricted, this is a pre-Yorktown, Maryland Miocene spe-
cies.

lVosscrirs scalsis (Conrad, 1862) Meek, 1864. This
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species was briefly described without illustration or specific
locality and the type is lost. Consequently , nomen dubiurn.

Tritia trivitala (Say) Conrad Meek, 1864, and Wollman,
1898. This common Pleistocene and recentNcssariru spe-
cies has not been confirmed in the Yorktown fauna.

Ilyanassa isogramma Dall, 1892. Dall originally recorded
this species from both the Yorktown and from Waccamaw
beds. The York0own record appears to be in error.

Ilyanassa obsoleta (Say, 1822) Wollman, 1898. This is a
Pleistocene and recent species.

Fusus rostratzs Dujardin Lyell, 1845. This is a European
species.

Oliva carolinezsis (Conrad) Meek, 1864. No subsequent
records exist for Virginia The species is typical of Duplin
and Waccamaw faunas.

Dactylus eboreus Conrad, 1862. This is a pre-Yorktown,
Eastover Formation species of Oliva.

Dactylus idaneus Conrad; 1868. This is a pre-Yorktown,
Easlover Formation species of Oliva.

Oliva zonalis Conrad Orbigny, 1852. I find no record of
Conrad ever naming such a species. Orbigny reports the
form from Virginia.

Oliva littoralis Orbigny, 1852. Cited by Orbigny without
author, Oliva litterata Lamarck may be intended. As
published, the name is azomennudurn. Orbigny reports the
form from Virginia.

Marginella americana Conrad, 1861. Conrad named and
figured the specimen, butlostitbefore itcouldbe described.
A named figure constitutes a valid proposal, but the figure
is poor and can notbe matched with any Yorktown species.
Consequently, this is anorlr'en fubiwn.

Marginelladistans Conrad Meek, 1864. This isanomen
ntdwn.

Marginella nana Contad Orbigny, 1852. I can find no
record of Conrad ever using this name. Nomen nu&pn.

M ar gine lla pr e pzsilla Conrad H. C. Lea, I 845. Again, there
is no record of Conrad using this name. Nornen nudum.

Terebra curvilineata calvertensis Martin Twardy, 1936.
hoperly restricled, this is a pre-Yorktown, lvlaryland Mio-
cene species.

Terebra sublirata Comad Meek, 1864. This is a rnmen
nudwn.

Izucosyrinx engonata (Cowad, I 862). Altttough originally
described from 'Yirginia" this is apre-Yorkown, Maryland
Miocene species.
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kucosyrinx nodulifera (Conrad, 1862). Although origi-
nally described from "Virginia" this is a pre-Yorklown,
Maryland Miocene species.

P le urotoma flenpsc Emmons, I 858, not of Muenster, I 835.
Originally described from North Carolina, this species has
not been subsequently recognized with certainty, is preoccu-
pied, and is therefore invalid.

C lathrodr illia gracilis (Conrad, I 830) (Synonyms: Drillia
distans Comad, 1862, notof Conrad, 1860;D rillia incilifura
Conrad Twardy, 1936; Drillia incilifera distans Conrad
Twardy, 1936). hoperly restricted, this is a Maryland
Miocene species.

Bela daedalia Heilprin, 1884. Listed without authorship,
this name can notbe applied with certainty to any YorkEown
tunid.

Compsodrillia chowanensis Gardner Johnson, 1972.
Gardner's type came fiom the Chowan River. Apartfrom
the one listed by Johnson, no Yorktown records have been
reported. That record is here considered problematical.

Drillia dissimilis Conrad Meek, 1864. Properly restricted,
this is a pre-Yorktown synonym of Splendrilia limatula
(Conrad, 1830).

Drillia limatula (Conrad) Richards, 1947. Properly re-
stricted, this is apre-Yorktnwn Maryland Miocene species.

Drilliu pseudeburnea Whitfield Twardy, 1936. Properly
restricted, this is a pre-Yorktown Maryland Miocene spe-
cies.

C lathrodrillia emmonsii (Olsson) Gardner, I 948 (S ynonym :

Drillia ernrnonsii Olsson, l9l4: Pleurotona tuberculata
Emmons, 1858, not ofPusch, 1838, Anton, 1839, or Gray,
1839). Gardner records Yorktown records for this species,
but her illustration of the species does not match that of
Emmons, 1858, and the Virginia records must therefore be
considered doubtfull.

Drillia whitfieldiMutn Twardy, 1936. Properly restricted,
this is a pre-Yorklown Maryland Miocene species.

Pasithea ornata H. C. Lea, 1843 (Synonym: Awiculina
ornata (H. C. Lea, 1843) Meek, 1864). The type is missing
and both figure and description are insufficient for certain
identification. This becomes a nomen dubhm.

Odostomia (Chrysallida\ seminuda (C. B. Adams, 1839)
(Synonym:,Ia rninia seminudaC. B. Adams, 1839). Properly
restricted, this is a post-Yorklown, Pleistocene and recent
species.

Tu.rbonilla interrupta (Totten, 1835). This Pleistocene and
recent species, properly restricted, does not occur in the
Yorktown fauna.

Turbonilla paucistriata Jeffreys, 1884 Meyer, 1888. It is

impossible !o determine which of the several Yorktown
species was intended.

Turbonilla sp. nqr T. nivia Stimpson Twardy, 1936. It
isimpossible 0o determine which of the several Yorktown
species was intended.

Bulla biplicataH. C.Lea, 1844 of Dall, 1898. Dall seems
to have confounded Lea ( 1 843, I 845, 1 846) dealing with the
Yorktown faunas near Petersburg, Virginia, with Lea, 1844,
dealing with recent shells. B uIIa biplicatc, supposedly from
a Cape lvlay, New Jersey beach, can not be assigned with
certainty to any recent species. Abbott (1974:315) states of
Cylichnella bidentata (Orbigny, l&4 1) "This is C. brplicatc
of authors, not A. Adams." A. Adams usage dates from 1850.
Whether H. C. Lea's earlier usage was included by Abbott
was not specified, but C. bidentatahas a published range of
Cape Haseras to Brazil, and, if conspecific with Bulla
biplicata Lea, seems out of place in New Jersey. Gardner
( 1937) reports C . biplicataLea as both recent and as present
in the Chipola, Oak Grove, and Shoal River formations.
However, from her discussion, she appears to be comparing
her fossil taxon with Lea's illustration rather than from any
certain recent specimens. I doubt that the Gardner and Lea
taxa are conspecific.

Bulla subspissa Conrad Meyer, 1888. This Maryland
Miocene species was listed by Meyer without {igure or
description. properly restricted, it is pre-Yorktown.

Melampus bidentatus Say, 1822 (Synonym: Melampus
longidens Conrad, 1863). Conrad's species is suspect
because the recent species lives along the York River. No
authentic Yorktown specimens have subsequently been
recovered.

Pleurodonte strangulata (C. B. Adams, 1849) (Synonym:
Helix strangulata C. B. Adams, 1849, non Hombron and
Jacquinot, l84l). This recent Jamaican land snail was
reported from the Yorktown by Conrad (1876), but appar-
ently was simply a museum specimen which fell into
Conrad's box (Henderson, 1935: 142).
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APPENDIX III
DISTRIBUTION OF WESTERN ATLANTIC PLIOCENE MOLLUSCS T'ROM VIRGINIA TO FLORIDA

(VIRGINIA YORKTOIilN AND CHOWAN RIVER RECORDS ARE IN BOLDF'ACE)

I Common Count
RECENT DISTRIBUTION OF GENUS

2 ARCTIC 3 BOREAL 4 VIRGINIAN 5 CAROLIMAN (ON SHORE)
6CAROLTMAN(OFF SHORE) 7 CARIBBEAN

PLIOCENE GEOGRAPHIC DISTRIBUTION OF SPECIES
SWESTFLORIDA 9 SOUTHFLORIDA I ONORTH&SOUTHCAROLINA IINORTHERN
NORTH CAROLINA
12 VTRGINIA

PLIOCENE CHRONOSTRATIGRAPHIC DISTRIBUTION OF SPECIES
(DATA BASE COMBINES INDMDUAL LOCALITY RECORDS AND'WITHIN-RANGE' DATA)

13 UPPER WACCAMAW EQUTVALENTS 14 LOWER WACCAMAW EQUMLENTS
15 cHosrAN RTVEREQUTVALENTS 16 DUPLTNFORMATIONEQUTVALENTS
17 RAYSOR FORMATTON EQUTVALENTS l8 UppER GOOSE CREEK EQLIMLENTS
19LOWERGOOSECREEKEQUIVALENTS 20BASALPLIOCENE

EXTRA.PLIOCENE DISTRIBUTION OF SPECIES
21 MIOCENE 22 BERMONT (DuBAR) 23 BERMONT (HOERLE) 24 CANEPATCH
2sIJPPERPLEISTOCENE 26RECENT

PLIOCENE ASSEMBLAGES BY INDIVIDUAL UNIT
27 VA ZONE 2 CRANE LAKE BEDS: PANOPEA BED AND ROCK WHARF
28 VA ZONE 2 YORKTOWN CHUCKATUCK CROSSBEDS
29 VA ZONE 2 YORKTOWN MORGARTS BEACH
30 VA ZONE 2 YORKTO\MN CHAMA BEDS
31 VA ZONE 2 YORKTOWN RUSHMERE MEMBER

32YACHOWAN RNTER FORMATION UPPER BED
33 VA CHOWAN RIVER FORMATION LOWER BED
34 V A ZONE 2 YORKTOWN RICE'S PIT, CHAMA BEDS, DEEP CREEK PIT, AND EQI'IVALENTS
35 VAALLZONE2
36 VA ZONE 2 YORKTOWN AURORA CALCAREMTE-EQITTVALENT BED
37 VA ZONE 1 YORKTOWN

38 NC JAMES CITY FORMATION 39 WARD AND BLACKWELDER, AI]RORA
40 NC CHOWAN RTVER FORMATION 41 NC ZONE 2 YORKTOWN UPPER BEDS
42 NC ZONE 2 YORKTOWN ? MEMBER 43 NC ZONE 2 YORKTOWN, AURORA CALCAREMTE
43 NC ZONE I YORKTOWN

45 I]PPER WACCAMAW 46 LOWER WACCAMAW 47 FLIZIaETITTOWN BEDS
48 DUPLIN FORMATION 49 RAYSOR FORMATION 50 UPPER C'oOSE CREEK LIMESTONE
51 LOWER C'OOSE CREEK LIMESTONE 52 WABASSO BEDS

53JACKSONBLUFFCANCFTT{1116ZONE 54JACKSONBLIJFFECPHORAZONE
55 JACKSON BLT FF LOWER LTMESTONE 56 JACKSON BLUFF (N-18)

5TNASHUABEDS

53 IJPPER CALOOSAHArcHEE 59 LOWER CAIOOSAHATCHEE
60 UPPER PINECREST BEDS 61 LOWER PINECREST BEDS
62 BUCKINGHAMLIMESTONE 63 TAMIAMI LIMESTONE

64 MURDOCKLANDING 65 SARASOTA UPPER BED



Nucula diaphana H. C. I,ea
Nucula dolabella H. c. ]€a
Nucula pilkeyl tlard and Blackwelder
Nucula proxlma'say
Nucula taphrla DaIl
Nucufana acuta {conrad)
NucuLana hypsona (DalI)
Nuculana j.og51ll3 (Dal1)
Nuculana sp. cf. N. proteracuta Gardner
Yoldla laevis (say)
Voldla tarpaela DaIl
Adrana kurtzi (Mansfield)
Arca aqulla Hellprln
Arca occldentalls Phillppi
Arca rmbonata Lanarck
Arca wagnexlana Dall
Arca wllllarel olsson
Barbatla acllnensls Tucker & wllson
Barbatia candida florldana Mansfield
Barbatia caloosahatchiensis (sheldon)
Barbatia domlngensis {Lanarck)
Barbatia (callbarca) ]eonensls Mansfield
Barbatia taenlata Dal]
Barbatia (Fuglexla) nl111fila (Dall)
Anadara acompsa lntetmediata (Tucker & wllson)
Anadara aequalltas {Tucker & wilson)
Anadara aequicostata (Conrad)
Anadara alcina (DaIl)
Anadara aresta (Dal1)
Anadara callicestosa (DaIl)
Anadara campsa (Dall)
Anadara campyla (Da11)
Anadara cardioi-des Gardner
Anadara carollnensls DalI
Anadara (caloolarca) catasarca (Dall)
Anadara chlrlqulensls (Gabb)
Anadara (caloosarca) crassicosta (Hellprln)
Anadara delandensls (Mansfleld)
Anadara {ca.Ioosarca} hoerleae H. E. vokes
Anadara lrnprocera {Conrad}
Anadara lmprocera buccuLa (conrad)
Anadara ]lenosa (say)
Anadara regerata olsson & Harbison
Anadara {caloosarcii) notoflorlda H. E. vokes
Anadara ovalls (Brugulere)
Anadara petersburgensls olsson & Harblson
Anadara (cranoarca) propatula (Conrad)
Anadara propearesta {Mansfleld)
Anadara rustlca (Tuoney & Holnes)
Anadara scalarlna (Hetlprtn)
Anadara sellardsl Mansf ield
Anadara staninea (say)
Anadara transversa (say)
Anadara (caLoosatca) n. sp. vokes
Noetla caloosana {MacNe1l)
Noetia carollnensls conrad
Noetla inclle (Say)
Noetla llnula (conrad)
Noetla platyura (Da11)
Noetia ponderosa (say)
Noetla ponderosa lockllnl olsson & Harblson
Noetia triglntinarla (conrad)
striarca centenarla (say)
Quadrilatera adamsl (DaU)
clyclmerls abberans Nicol
Glyclmeris amerlcana {Defrance)
clycyneris anerlcana qulnquerugata {conrad}
Glyclmerls aratus {Conrad)
clyclrmerls decussata (I,lnnaeus)
clyc!.merls dupllnensls Dal]
clyclmerls subovata'var. hwruni ward & Blackwelder
clyclmeris laevls (Tuomey & Holmes)
clyclmerls pectinata (Gnelln)
clyclmerls sloanl ward & Blackwelder
Glyclmerls subovata (say)
Glycymerls undatus (linnaeus)
Nuclnella woodll (Da11)
Mytllus edulis alaeforml.s (J. sowerby)
Mytllus sp.
Perna conradlna (orblgny)
Perna lncurva (contad)
Branchldontes exustus (I,lnnaeus)
Brachldontes venustus Olsson & Harblson
Brachidontes sp.
septifera sp.
Ischadiun reculvum {Rafinesque)
crenella aequllatera (H. c. Lea)
Crenella cf. decussata (Montagu)
crenella precursor Gardner
Arcop€rna wllliamsl campbell
Musculus laterelis {say}
Musculus rlcei campbell

r33
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Musculus vlrgl,nlcus (Conrad)
llthophaga blsulcata (orblgnY)
Lithophaga antlllarum (Orblgny)
Llthophaga pectinlcola olsson
tlthophaga yorkensis olsson
Modlolus gigas (DaI])
M.cf. M. modlolus (Iin.) ward & Blackwelder
Modiolus pulchellus olsson
Volsella (?) splnigera (H. C. Lea) Meek
ceukensla denlssa (DllIwYn)
Botula clnnanomeus Lamarck
Pinna callosaensls Dall
Pinna carnea Gme]ln
Pinna sp.
Atrlna harrlsll Datl
Isognornon alata blcolor (C.B. Adans)
Isognonon kecia {?ucker e wllson)
Pteria co]lmbus (Rodlng)
Pecten browerl Tucker
Pecten hslcycllcus Ravenel
Pecten {Euvola) holnesii Dal1
Pecten lnprocera conrad Gardner
Pecten macdonaldi olsson
Pecten raveneli DalI
Pecten (guvola) srnLthll O.Lsson
Pecten vlolae Tucker
Pecten ziczac linnaeus
l€ptopecten auroraensis Ward & Blackwelder
leptopecten harrlsli (Dalt)
l€ptopecten irrernotls (Olsson & Harblson)
Leptopecten leonensLs (Mansfield)
Leptopecten vtendelli (Tucker)
leptopecten viilsoni campbell
Amuslw mortonl (Ravenel)
Aequlpecten nuscosus (wood)
chesapecten jeffersonlus (say)
chesapecten madlsonius (saY)
chesapecten m. caro]lnensis (conrad)
Chesapecten septenarius (SaY)
Chesapecten septenarius palnyrensls (MansfLeld)
Carolinapecten eboreus (Conrad)
carollnapecten e. senescens (Da11)
carolinapecten e. solarioides {Hellprln}
carolinapecten e. wal.kerensis (Tucker)
Carolinapecten e. chesapeakensis Campbell
Argopecten anteampllcostatus (Mansfield)
Arqopecten comparilis (Tuomey & Holmes)
Argopecten gibbus {Llnnaeus)
Argopecten evergladensis (Mansfteld)
Argopecten int.erlineatus (Gabb)
Argopecten Lrradlans (lamarck)
argopecten vlcenarius vicenarlus (Conrad)
Argobecten vlcenarlus charlottensls (Mansfleld)
Argopecten specles a Waller
strahlopecten caloosaensis (Dal1)
strahlopecten ernestsrolthl (Tucker)
Nodipecten nodosus (Llnnaeus)
Nodipecten pernodosus (Hellprln)
Nodipecten peedeensls (Tuomey & Holmes)
Nodlpecten colllerensls Dall
Placopecten cllntonlus (say)
P. sp, cf. P. magelJ-anlcus (Gnelln) Glbson
chlamys decemnarlus (conrad)
chlanis decernnarlus virginiana (conrad)
chlanys rogersll {conrad)
chlamys sentls R€eve
chl-amys sp.
Pllcatula glbbosa lamarck
Pllcatula hmterae Shaak and Nlcol
Plicatula narglnata say
spondylus rotundatus Hellprln
spondylus n. sP.
Anonla slmplex Orblgny
Anomia squamula llnnaeus
Pododesmus fragosus conrad
Placuanonla burnsl (Mansfleld)
Placunanornla plicata Tuoney & Holmes typlcal
Placunanomla plicata Tuomey 6 Holnes thlck
tlna lirna llnnaeus
Ctenoldes florldana (Olsson & Harblson)
ctenoldes scabra (Born)
Linaria caLoosana (Da]1)
l,inarla carollnensis (Dall)
r,lmarla florpaclflca (ol-sson e Petlt)
Llmarla pell-ucida c- B. Adans
Ltmatula virginlana campbell
llmatula subauriculata (Montagu)
limatula sp.
Ostrea compresslrostra say
ostrea coxl Gardner
ostrea permolls Sowerby
ostrea lawrencei (ward & Blackwelder)
ostrea locklini Gardner



Ostrea sculpturata Conrad
Ostrea tubdlgltallna Olsson a llarblson
Crassostrea vlrglnlca (€lrelln,
Pycnodonte sp. Blaetflelder
Pycnodonte (clgantostrea) sp.
Hyotlssa haltensls (Soserbyl
Luclna pensylvanlca (tlnnaeusl
tlnEa (Pleuroluclna) leucoepna (DaLl!
Parvlluclna (Radloluclnal tuoneyi (Dall,
Parvlluclna (Radloluclnal tfaccanarensls (Dall)
Parvlluclna hultlllneata (Tuomey & ttolnes)
Parvlluclna sp. cf. P. vaughani (Gardner )
Parvlluclna (Cavlllnga, trlsulcata (conrad)
Parvlluclna (C.) t.lsulcata nultlatrlata (conrad)
Parvlluclna crenulata (Conrad)
Parvlluctna postalveata (cardner)
Parvlluclna sphaerlolus (DalIl
codakla costata (orbtgny)
Codakla orblcularls {Llnnaeusl
Codakla (ctena, orblculat.a (uontagul
Codakla (Ctena, nlcrolnbrlcata cardner
Codakla (Ctena, rpeclosa (Rogera r Roqers)
Luclna (Luclna) pectlnata (6neltnl
Luclna (l,uclnlsca) crlbraria (Say)
Luclna (Luclnlsca, nassula ConradiLuclna' anabtlls (Dall,
l,uclna (Calluclnal keenae Chavan
tudlncma contracta (Say)
Mlltha calooaaensls (DalL)
t{lltha dlsclforills (Hellprln}
Mlltha pectlnata (Gtrrelln ,
Pseudomlltha anodonta (Say,
Pseudcmlltha florldana (Conradl
Anodontlr alba Llnk
Anodontla phlllpplana (Reevet
Dlvarlcella corpsa Dall
Dlvarlcella sp., cf D. chlpolana Dall
Dlvarlcella dentata (woodt
Dlvarlcella quadrlsulcat. (Orbtgny,
Thyaslra trlslnuata Orblgny
Dlplodonta accllnls (Conrad,
Dlplodonta caLoosaensls Dall
Dlplodonta conradl Mccavock
Diplodonta heronensls 9fard and Blackrelder
Dlplodonta nuclelforRls (wagner,
Dlplodonta punctaLa (sayt
Dlplodonta punctulata (H. C. I€a)
DlplodontE sp.cf. D. radlata Dall
Dlplodonta senlaapera (Phtllppl)
Dlplodonta subglobosa (C. B. Adarns,
Dlplodonte subobllqua (say)
Dlplodonta subvexa (Conrad)
Cyrenolda caloosaensls DaIl
Chama caloosana Dall
Charna congregata Conrad
Chama (Pseudochana) cortlcosa Conrad
Chama emnonsL Nlcol
Chana hellprlnl Nlcol
Chma nacerophylla dilelln
chana rllcoxll Dall
Arclnella cornuta Conrad
Eryclna carollnensls DaIL
Eryclna carollnensls elongata cardner
Eryclna kurtzll (Dall,
Erycina phaseola Olsson 6 Harblson
ErycLna plotracta Dall
Eryclna reglflca olsson
Bornla llolce Dall
Bornla mazyckll DalI
Bornla rota Dall
Bornla trLangula Dall
Allgena chowanensls cardner
Allgena nlnor Dall
Aligena rhotnboldea Gardner
Allgena striata H. C. tea
Allgena ap. cardner
Solecardla osmanl Dall
l,lontacuta chesafr€akensls Carnpb€l I
lfontacuta flolldana Dall
liicntacuta florldana lnflata Olason & llarblson
Montacuta petropolltana Dall
Montacuta sagrlnata Dall
Orobltella laevls (ll. C. Leat
ltysella b€aufortensls Ward & Blackrelder
Mysella bladenensls cardner
Uysella naJorlna Gardner
Uysella spatula carnpbell
Mysella st.antonl (Dalll
ltysella velalnl cardner
Plthlonella flllcatlcola (Olssonl
Rochefortla planulata (Stlnpson,
Rochefortla stlmpsonl Dall
Fabella dalll olsson & Harblson
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Fabella navlcuLa olsson 6 Harbison
Anlsodonta aneri.cana Da1l
Anisodonta carollna Dall
Paratnya subovata {Conrad}
Basterotla florldana (Da11)
Sportella calplr. Gardner
sportella chesapeakensls Canpbell
Sportella constrlcta (Conracl)
sport.ella gibberosa cardner
Sportella pelex DaIl
Sportella petropolltana Dall
sportella waccamanensls Gardner
sporteLla yorkensls Dall-
Ensltellops conplessa (H. c. I€a)
Ensltellops eluptlca olsson E Harblson
Ensitellops protexta (conrad)
gnsltellops tabula olsson I Harblson
Hindslella acuta Dall
Hindsle]]a carollnensls DaIl
Taxocardla fLoridana olsson 6 Harblson
Cardltanera acllnica (Tucker e wllson)
cardltamera arata (Conrad)
cardltamera arata colunblana Gardner
cardltamera catharla (Dall)
carditamera dasytes olsson
cardltarnera florldana conrad
cardltamera osceolaensls Mansfleld
carditatnera senlnolensls (Olsson)
Carditanera tanlaniensis (Mansfield)
Cardltanera vaughani (DaIl)
cllptoactis olga (!!ansfield)
Pleuroneris auroraensls ward & Blackwelder
Pleurotnerls decencostata Conrad
Pl-euromeris scltuloldes (olsson)
Pleuroneris trldentata {Say}
Pteronerls perplana (conrad)
Pteromerls abbreviata (conrad)
Pteromefis abbreviata gJ.adeensis (Mansfteld)
cyclocardla granulata (say)
condylocardla florldensls Pllsbry & olsson
Eryclnella ovalls conrad
Astarte arata Conrad
Astarte berryi Gardner
Astarte cohenl conrad
Astarte concentrlca Conrad
Astarte exaltata Conrad
Astarte florldana Dall-
Astarte glenni Dall
Astarte grlftonensls Gardner
Astarte perplana Conrad
Astarte roanokensls Gardner
Astarte slnmetllca Couad
Astarte unduLata Say
Astarte vaughanl Mansfleld
Astarte vlclna Say
Astalte yadklnensls CanpbelL
Astarte sp.
Astarte sp.
Astarte sp.
Eucrassatella alaquaensls (uansfleld)
Eucrassatella kauffnanl (Ward and Blackwelder)
Eucrassatella nerldlonalls (Dall)
Eucrassatella speclosa (A. Adans)
Eucrassatella vlrglnica (fflelln)
Eucrassatella vlrginica cycloptera (Dall)
crasslnella acuta (Dall)
Crasslnella dupllniana (DaIl)
Crasslnella johnsonl wald and B1ackldelder
crasslnella lunulata (conrad)
Acanthocardlum (Agnocardla) splnoslfrons H. Vokes
Trachycardlum acllnensle (Tucker & wllson)
lrachycardlun arestum (DaIl)
Trachycardl-un egmont lanun (Shutt leworth)
Trachycardlum emnonsl (Conrad)
?rachycaldlurn evergladeensis {Mansfield)
Trachycardlun isocardia (llnnaeus)
Trachycaldlun sp. cf. T. malacum Dall Gardner
?rachycardlum nurl-catum (Linnaeus)
Tlachycaldlun oedallun (Dall)
erachycardium striatua leonense (MansfleLd)
Acrosterlgma (Acrosterlqna) dalli (Heilprln)
Papyrldea semlsulcata Gray
Papyrldea solenlformis (Bruqulere) turtonl DalI
TrlgonLocardia deadenense llansf leld
Trigonlocardla willcoxl (Dall)
Trigoniocardia (Anerlcardh:tn) medla (Llnnaeus)
Protocardla Jacksonense Mansfleld
I€evicardluro laeviqatun (llnnaeus)
Laevlc:rdlun mortoRl (conrad)
Laevlcardlun subl.ineatum (conrad)
L€evlcardiun vltelllnun (Reeve)
L€evicardlum (Dinocardiun) robustun (lightfoot)
c. (Planicardium) acutilaqueatum (conrad)
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cll.nocardlun (Planicardlun) taenopleura (DalL)
cllnocardlun (PlanicardlurR) virglnlanun (conrad)
cllnocardium (P.) sp. near c. taprlun Gardner
Maclra fragills Gmelln
ltaclra undula DaII
Mactra Hill.coxl Dall
Splsula confraga (Conrad)
splsula curtldens DaIl
spisula delunbls lconrad)
splsula dup]lnensls DaIl
splsula harrlsl olsson
splsula nodlcel]a (conrad)
splsula slml]ls (say)
spLsuLa solldisslma (D11lwyn)
spl.sula solldissina peninsulae M. sRith
Splsula subparlLls (Confad)
MulLnla caloosaensls Da11
Mullnla congesta (conrad)
MullnLa lateralls (say)
MullnLa sapotilla Da]1
Rangla clathrodonta (Conrad)
RangLa cuneata (Sowerby)
Rangla nasuta (Da1])
Pangla sp. cf. R. cyrenoldes Desnonllns
Anatlna anatlna (Spengler)
Raeta alta Conrad
Raeta plicatella (lanarck)
Raeta undulata (Gould)
Mesodesma spat.ha Gardner
Ervllla concentrlca (Holnes)
Ervllla lata Da]]
Erv1.Lla pollta Dal]
Ensls directus (con!ad)
Ensj.s ensiformls (Conrad)
Ensis hughesl canpbell n. sp.
Ensis megistus Pllsbry e Mccinty
Ensls
solen

schnidti olsson
virldls say

na aequlstriata Say
na agllis stlmpson
na alternata Say
na cala M. Smlth
na calliglypta Dall
na caLoosana Dal]
na calplx cardner
na candeana Orblgny
na decLlvis Conrad
na dlnomera Dall
na dupliniana Da]l
na egena Conrad
na gouLdll Hanley
na llneata Turton
na llsterl RodLng
na nacllenta Dall
na nagna spengler
na nera Say
na nltens C. B. Adms

Te
Te
Te
Tel
?el
Tel
Tell
Tell
Tell
Tel
Tel
TeI
Tel
TeI

Tett
TeLl
Tell.ina prop€tenera Dall
Te]]lna slmllis sowerby

Te1
Tel
Tel
Tel
Tel
Tel
Tet

na strlctoll.neata OLsson & Haxbison
na suberls Dall
na sybarltlca DaI]
na tanpaensls Conrad
na tenella verril]
na texana DaLl
na umbra Dall
na verdevllla cardner
na versicolor Dekay

Te1]ldora cristata (Recluz)
Arcopagia {Johnsonnella) fausta (Pulteney)
strlqilla mirabilis {Ph1flpp1)
Strigilla paraflexuosa Gardner
Macoma alunensis DaII
Macoma constrlcta (Brugulere)
l{acoma cookel Gardne!
Macorna gardnerae !,lansfield
Macoma hosfordensis Mansfleld
Macorna laxa Da1l
Macoma tenta {Say)
Macoma vlrElnlana (conrad)
Macoma (Psarmacoma) brevifrons (say)
Macoma (Psamnacoma) arctata (Conrad)
Macoma sp. Gardner
C!rynatoica ilarcottae Olsson e Petit
Hemimetls (Flollmetls) magnoliana (Dal1)
Henimetis (Florlrnetls) int.astriata (say)
Garl dall1 (Ol.sson)
Gari wagnerl (Dall)
Donax aequilirata Dall
Donax chuckatuckensls Gardner
Donax cuneola Gardner e Aldrich
Donax erunonsl DaIl
Donax fossor say
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Donax roernerl- protracta conrad
Semele ahmensis Dall
Senele bellastriata (Conrad)
senele carinata (conrad)
Semele coensls Mansfleld
Semele harveyensis Mansfleld
smele netliana olsson
smele perlam€Ilosa Hellprin
setnele proflcua (Pultney)
semele purpurascens (Gmelln)
semele rosea (sowerby)
Semele subovata (say)
Senellna clappl Mansfleld
seme]lna nuculoides {conrad)
Cunlngla amydra Olsson & Harbison
cuningla coarctata Sowerby
cumlngia subteulnoldes orblgny
cumlngla tel]inoides (conrad)
Abra aequalls (Say)
Abra subreflexa {Conrad}
Solecurtus cumlnglanus (Dunker)
Tagelus dlvlsus (Splengler)
Tagelus plebelus (Llghtfoot)
Mytl]opsls lanellata DalI
clossus fraternus (say)
corbicula densata {conrad}
Pseudocyrena dupllniana (Da}1)
Perlglypta tamiamensis olsson & Petlt
Periglypta clarksvllLensls (Mansfle.ld)
Perlglypta rugatlna (Heitprln)
Perlglypta wlllcoxl {Dall)
Mercenaria campechiensis campechiensis (Gmelin)
Mercenarla (carpechlensis?) corrugata (lanarck)
Mercenarias c. ochl.ockoneensis
Mercenaria campechiensls permagna (conrad)
Mercenaria nrercenarla (Linnaeus)
Mercenaria inflata Dall
Mercenaria trldacnoldes (lanarck)
Mercenarla sp.
Prototha€ marcottae (Olsson e Petit)
Chlone cancellata (llnnaeus)
Chione cortlnaria (Rogers & Rogers)
chione cribtaria (conrad)
Chlone (cancellata subsp. ?) erosa Dall
Chlone grus (Holmes)
chLone latillrata (conrad)
chlone procancellata Mansf leld
Chione ul.oclma Harrls
Chione xesta Dall
Anonalocardla braslllana (Gnelln)
Anonalocardla caloosana (Dall)
Anomalocardla callosa Olsson & Harbison
Anonalocardla conclnna Olsson & Harblson
Anomlocardla dupllnlana Dall
Anomalocardia hendrlana Mansf ield
cyclineLla tenuis (Recluz)
Transenella cal.oosana DaII
Transenella carollnensis Da]1
Transenella conradi.ana {Dal}}
Transenella cubaniana (orblgny)
Transenella stimpsonl Dal]
Gouldia cerina (c. B. Adams)
couldia floridana olsson & Harblson
couldla metastrlata {conrad)
Pltar castorlana (Gardner)
Pltar chioneformls (Gardner)
Pitar cordata {Schnengel)
Pltar filoslna (Dall)
Pltar oplsthograrnmata (DalI)
Pl-tar sayana (Conrad)
MacrocalLista albaria albarla (say)
ldacrocallista albarla reposta (Conrad)
Macrocallista greenl ward & BLackwelder
Macrocallista maculata (tlnnaeus)
l4acrocallista nimbosa (llghtfoot)
Dosinla acetabula (conrad)
Doslnla dlscus (Reeve)
Dosinia elegans (conrad)
Doslnla sp.
Gemla cravenense Gardner
cerrna nagna Dall
cemna ovata Mansfleld
Gemna purpurea (Lea)
cemna trlgona DaII
Gemna verdevllla Gardner
Parastarte martensl llliansfleld
Paxastarte trlquetra (Conrad)
Petricola pholadifornis LarErck
Petrlcola lapicida (Anelln)
Rupellaria pectarosa (Conrad)
Rupellaria typlca {,lonas}
Pleiorytls centenarla (Conrad)
cooperella parllls (contad)
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Mya arenarla llnnaeus
Sphenia attenuata DalI
sphenla dubla (H. c. Lea)
varlcorbula caloosae (Dall)
varlcorbula chowanensls galley
corbuLa barrattlana C. B. Adams
corbul.a carlbaea orbigny
colbula contracta say
Corbula cuneata Say
corbul.a lnaequalls say
corbula leonensls (Mansfi.eId)
corbula nucleata DaLl
Corbula retusa Gatdner
corbuLa (Jullacorbula) scutata (Gardner)
corbula swlftlana c. B. Adils
corbuLa wilcoxll
castrochaena cunelformis spengler
Gastrochaena llgula H, C. I,ea
castrochaena hlans (enelln)
Gastrochaena sp.
Hlatella arctlca (Llnnaeus)
Panopea dockensls Olsson 6 Petlt
Panopea fLorldana (Hellprln)
Panopea goldfussi wagner
Panopea reflexa (Say)
MarLesla cuneiformis (say)
Martesla sp.
cyrtopleura arcuata (conrad)
Cyrtopleura costata (Llnnaeus)
PhoLas memmingeril Tuorney & Holmes
Phol.as producta conrad
Zifraea rhonboldea (H. c. Lea)
Teredina flstula (H. c. Lea)
Margarltaria abrupta (Conrad)
Lyonsla acuta Dall
Lyonsla sp
lyonsla sp.
Pandora arenosa Conrad
Pandora crassldens Conrad
Pandora crassldens maJorina Gardner
Pandora navlculoldes Gardner
Pandora trllineata Say
Pandora tuomeyl Gardner & Aldrich
Pandora undulata campbel] n. sp.
Pandora sp.
Thracia brlonl Ward & Blackwelder
Thracla magna Carnpbell n. sP.
ThracLa rnaddelysensis Gardner
Thracla transversa H. c. Lea
cyathodonta dalli (Mansfleld)
cyathodonta semlrugosa (Reeve)
Periplona antj.qua (conrad)
Perlplona lnequale C. B. Adams
Perlploma peralta Conrad
Periploma sp.
Vertlcordla chowanensls Gardner
VerLlcordla emonsli conrad
Vertlcordla lockei ward & Blackwelder
VerLicordia ornata (Orblgny)
vertlcordia rogersll Gardner
Vertlcordia sp.
Poromya floridana olsson & Harblson
Poromya sp.
Cuspidaria granulata (Dall)
cuspidaria orblgnyl Olsson & Harbison
cuspidaria scabrata Olsson 6 Harbison
cardionya costellata (Deshayes)
cuspidarla (Cardiomya) vaughani Mansfleld
cardlomya mansfieldi olsson and Harblson

Denta
Denta
Denta
Denta

Denta
Denta
Denta
Denta
Denta
Denta
Denta
Denta
Den!a
cadulus
cadulus
cadulus

w antlllarum Orblgny
w attenuatum say
um calamus Dafl
utn callipeptw Datl
um caloosaense DalI
um carolinense conrad
um ceratum DaIl
um dlsparile Qrbigny
um duodecenarla Enmons
um eboreun conrad
um o]eaclnw DaIl-
um prj.sma Dall
un sowerbyl Guilding
um waccamawense Gardner
bLountense Mansfield
carollnensls Bush
floridanus Da11

Cadulus tetraschlstus (watson)
Cadulus thallus (Conrad)
Cadulus tetrodon Pllsbry & sharp
chlton burnsli Dall
fschnochiton paplLlosus (c. B. Adams)
fschnochlton striolatus (Gray)
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111 1.1111112 222222 22233 333333 3344444 44444555 5555 5 55665565
L 234567 890r.2 34567890 123456 7890L 234567 8901234 56789012 3456 7 89012345
x xxxaxx --xxx ------- xx--- ---x-- ---xx--- Ischnochlton sp.
x sxxx -- Ischnochlton tampaensls Dall
x -----x -x--- x------- -----x -- Acanthochiton pygmaeus {Ptlsbfy)
x -----x --x-- x------ x------ -- Acanthochlton splculosa (R€eve)
x --xxxx --xxx axxxxxxx x---nx xx-x- --xx-x ------ xx-xx--- -- chaetopleura aplcul-ata (say)
GASTROPODS
x ----x!( -xx-- xx----- xx------ -- Rlmula catollnensls (DaLl)
x -----x -x--- xx x---- ------ ---- - xxx----- Hemltona retlporosa (Dall)
x ----xx - --x--- ---- - x------- Emarglhula pllsbryi Da]l
x ----tx -x--- -- x---- ------ ----:--- ---- - --x----- Emarglnula sp.
x --xxlx ---xta- -xax--- -x----- ---xxx-- -- DLodlra auroraensls }'ard & BlackweLder
x --xxnx -xx-- xxr<x---- -x--r- -x-x---- ---- - taxx----- Dlodora caloosaensls (Dall)
x --xxix -x$r- xxxxxx-- --x--- ----- :----- x------ xx------ ---- - xxx----- Dlodora cardltelta (DalL)
x --xxxx -xxx- ---x--- ----x-- ---x---- ---- - --x----: Dlodora carollnensls (Conrad)
x --xxxx -xxx- xxr(x---- -xx-xK x------ xx------ ---- - xxx----- Dlodora cayenensis (Lanarck,
x --xxxx -i<--- x------ ---- - x------- Dlodora florldana qardner
x --xxxx xx:ax- xxxxx-- ----- ---:-- -x----- -x-xrx--- xx-- - xri----- Dlodora nucula (DaIl)
x --xxXX ---x- x--r'-- -X-----
x --Xxxx x-:<xx ---xxxxx ------ ----- -----x --x-x-- ---xxx-- x:-- - --:----- Diodora redlmicula (Say)
x --xxxx --rixx ,---xx-- xx-xx --xx-- --x-x-x ---x---- -- Diodora oblonga (H. C. Iea)
x ----xx :xx-- xx------ --x--x xx------ ---- - XX-----x Lucaplnella linatula (Reeve)
x ----xx --x--- xx x---- --x'-x :------- ---- - xxx----- Lucaplna suffusa !Be9Ye)
X ----XX ;X:-- Xt-?:--
x xixxxx x-x-- ?--xxx-
x xxxxxx ----x :--xx-- il-x- --xx-- Solarlella ricel Campbe]I n. sp.
x :a<!xxx ----x -----:-x ------ ----- -----x ---:--- solarlelta shacklefordensls Olsson
X XXx,lXx -*-:X ;-----*X ------ ----- ---,-X
x xixx)tx x-x-- ---xx-- ---x-;r- :x;* - -------- Calliostona aluninum Dall
x -XXXXX --X-X ---XX--
x :xxx:ax --I-- ---:?-- ----x-- ----r-r- ---: - --'----- Celllostoma ah€opsl Gaxdner
X -XXXX --x-; -i-X--*
x -xxxxx --x- x------ x------ x------- -- Cal]iostona erosum Dall
x _xxxxx _x-_- x---t__- ;___:_
x -xxxXx -X:<-:- X?------ --X--x
X i3ila3; rx1-: XX::*--- --:--- --;-- ---t--
X TXXXXX --X!g -:.l!X:O(- xjX-XX :-XX--
x -xxxxx ---xx ---xx-- xx-x- --xx-- ----x-- -- Calllostoma lapldosurn (Conrad)
X -xxXXX -x--- t------
x-xxxxx--nix---x----------ix-----xa-::---x-----x--J-
x -xxiixx r--xf. ;--alr-:- -:---- :i-xx ;-:ax-* ----X--
X -:XX!!X ---!.X +:--X--- ---:-- X---- :,Xx--
x-xxixi]-x'--Flx*r!:---j-----.----.;--_----.-
X -XXXI{X ----X -------X ------ ----q -----X
x -XXXXX :.X--X ---Xt--
x -Xxjr*x x-xx|( *--tx:.-
X iXXXX:a ----iB ----X-:
x -xxxxx -ir-- ---x!--
x -xxxKx -x--- xx-----
x -:.txxx -x--- x------
:r -XXXl(x ----X ----J--l -----; -:--- -----X
i -:axxfu( rx--- :t-----
X -xx*xi jr--t( ----r-J!( :-*--- ----- ----rX
:. *x:.xj(x --x-- ---i(x-+- ---;--
x-xa*xlt.-xxx-:-p.----J---:i11;1-.jry..--.-:!--;.*-.-;
x-!txxxx---x----x-----.--.----------:-rt-x---
x -ixrrxx -!--r! -J-r--- --i*- **-x.:- !--;-e- !---i:-* ---: ; --;--i-- Calilost6rna Vitginlcum glzehl Gaidner
x-xX.$i--.:x----!--x--------J.--_tt-xrj--J-.i.
x -xxxxx ----x ---x--- ----- ---x-- ----:--
X -xxxxx ---x- ----?--
X ;xicqx ---ir. ----;--x -r---- ----- ---F-x ------- --i;--rt' -;-: - -:;:;--- Calliostoma V. Jeffelsonturi Crinpbell n. ssp.
x -xx:Q(x -xx-- x:rxx--! xx------ ---- - xt0(----- calllostona wlllcoxtana Dall
x ---r:X :axx-x ---xX--: !----- ---x- -;xx-- ---xx-x- x--- - --x----- Tegula exoluta (Conrad)
x -----:{ - --*--x :---- -:r--:x ------
x -i-xr(x -xxxx ---x:a-- xx-x- --xx-- ----x-- ---x-:-- -r:- ! --x----- Sken€a stnlthfreldensls (O16son)
x ---xxra ----:r ---:a--- ----- *--x-- *----;-* Skenea yorktownensis Canpbell n. sp.
i --*xxx *-xxx ---xx:r-- *--;-; icxxx --$t-- 5---x-- -xxj(x-:: ---- - --;---!- Skeriea harrisii (Olsson)
x ---x1x r-X-- -xi-*-- ----+ -----; -X------ Skenea sp.

xxx-- xx(x--- -x!x---- -x-- : xx------ G€l.a6lnostoina eleqantula {Dall)
----x ---x--- x-r-- --xx-- I€ptogyra davldl campbel] n. sp.

x ----xx x---5 --xx-- Pelycldion ftatthewl campbell n. sp.
x ----ix --x-- -*-x--- ---r---- P€ll,cldion Ep.
x ----xa r-x,- -x-5--- Pelycldlon sp.
x ----xx ---- - x------- Arene pdrarmata (Da11)
x ----xx --xx- xrxxxxx --x-x-- xx--r--- -- Arene pergemna (Gardner)
X ----XX -xxx- xxxxxxx- --x--X -x.r.---- xx-x!--- ---- - axx----- Arene ttlcatenarla (Stearns)
x ----u --- - xx-_--- Pawiturbo ml]iun (Dalll
x -----x -x--- x------- -----x ---5 - x--r---- Astraea deplanaturn Llnk
x -----x -x--- xx------ -----x ---- - :(x------ Astraea longisplna (Iamarck)
x -----x -x-*- xx----- ---- - xx------ Astlaea precurso!(Dall)
X -----x -x--- -axx--- ---- - -xx----- Ast?aea scolopax Olsson { Harblson
X -----x -x,-- 5--x--- ---- - --:{-t--- Astraea t€Ctatlaformis Petuch
x -----x -x--- ?------ -x Astraea sp. aff. A. americanum (arelln) Iyons
x -----X -x--- ---x--- -- Astrea sp. Gardner
:( ---x;11 -ra1-- xXxX---- --x-Xx XX------ ---- - 111<X----- TUrbO CastaneuA Gnelth
X ---xxx -X--- ---xi-- x--- X --X_--- TurbO castaheus ayersl Olgson
x ---xxx -x--- ---x--- ---- - --x----- Turbo casLaneus tlara U. Snlth
x ---xxx -x--- x)axx--- ---- - x-x----- Turbo cxehulatoi.des !,!aury Tucker & Vfllson
x ---l(xx -x*-- x------ ---- - x------- Turbo donl|llcensls cabb
x ---xxx -x-*- x:(----> ---- b xx----- Tulbo florldensls olsson & Harblson
x ---xxx -x--- xxxx--- ---- - xr(x----:a Turbo tectogramnlcus Da]l
x ---xxx -x--- x------ ---- - x------- lurbo wellsl Tucker 6 wllson
x ----xx -xx-- x-----.
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Trlcolla thalasslcola Robertson
Nerltlna edentula Dall
Nerltlna sphaerica Olsson & llatblson
$naragdla vlridls nerlda (DalI)
tlttortna lrrorata carollnensls conrad
Llttorlna lrrorata (say)
Llttorina sheaferi Olsson
clngula ath)4rorhyssa (Da.Ll)
clngula calllstrophla (DaIl)
clngula geraea (DaIl)
clngula mictocharla (Dal1)
Cingula sp. carpbell
Hydrobla amnlcololdes Pllsbry
Alvania llpeus (DalI)
Alvanla sp,
Alvania sp.
Alvania so,
Amnlcola ip. aff. A. f,lorldana convexa Pillbry
Assfunlnea afflnls orblgny
Asslmlnea auberiana' orblgny
Zeblna .bro$tnlana (orblgni)
&lssoina bulirnina ol"sson & Harbi.son
Rissolna cancellata PhlllBpl
Rlssolna catesbyana Orblgny
Rlssolna clarksvillensls Mansf leld
Rl'qolna fargol olsson & llarbison
Rissoina harpa Gardner
Rlssoina Johnsonl Dall
Rlssolna 11rlope olsson 6 Harbison
Rlssoina parkeri glsson & Harblson
Rlssolna planata DaIl
Rlssolria striatocostatA OrblgRy
vltrlnella llpara (fl. C, Iea)
clrculus costulatus (H. c. r,ea)
Clrcuius llratus Nerrl]l)
Cyclostr€$lsqus bartschi (l4ansfleld)
cyclostrqlisius beaui (fiscler)
{clostieniscus farqol PlISbrY
cygldstreniscug obllquestrtatus (H. c. lea)
cycloEtremiscuE olssonl Pl}sbry.
cyclostrehi.scus pseudadeorbls (Dall)
clclostienlscus schrnldtl (olsson)
cyclostremlscus 6trlglllatus (Da]])
Cyclostrenldcus trlLlx (Bush)
cyclostr€nlscus undula (Dall)
cyclostreniscus sp. A
Cyclostremlscus sp. B
Antlcllnix artriae Pllsbry & olsson
Antlcllmax calllglyptuo (Dalt)
Antlcllnax lockllni Pllsbry d olsson
Anticlimdx radlata (Da11)
Antictrlmax s!4runettica Pllsbry & oLsson
iutiqllmax tholus plodronus Pllsbry & Olsson
Aogotrdrra clstronllJ!n {DaIl)
Epircyntra multicarln?ta (Dall)
Parvlturboldei avltus Pllsbry
Pafvlturboid6s Interrupttls (C. B. Adains)
Pewiturboldes sp,
Didl.anena caiollnae G4rdnet
Didlane&a duplinensis (Dall)
Didlanena orthorhyt.ls Pllsbry
Di.dlan€rna sp. Catnpbell
Sotrarlorbls baaillssus Pllsbry
solariorbis dupllnense (DaIt)
solariorbls eugenes Pllsbr
solarlorbis floridanun (DaI])
solarlolbls funlculus (DalI)
solarlorbls lnfracariiata {Gabb)
Solarlorbls opistelotus {Dall)
solarlorbiE vatlabllls olsson
Solarloxbis yadklilensis CampbeLl n. sp.
Telnostona alatm Pl]sbry
Telnostoma alexanderi (Olsson)
Teinostona avunculus Pllsbry
Teinostoma bushl (olsson)
Teinostona caloosaense Dall
Teinostoma carlnlcallus Pllsbry & l{ccinty
T. sp. ct. T. cocolltorls pllsbty and Mcclnty
Telnostoha colLlnus (DalI)
Teinostona goniogyrus Pllsbry & Mcclnty
Telnostona harveyensis Mansf leld
Teinost.ona leana campbell n. sp.
Teinostoma ]enticlare (H. C. Lea)
Telnostoma lottiur (Dall)
Telnostona nlocenica Olsson
t€lnostona nana (I€al
TelnostorE stelratun (Da11)
Telnostoma subconlcum (H. c. I,ea)
Telnostona tectispira Pllsbry
Teinostona thonpsonl olsson
Teinostona uflbllicata (H. c. I€a)
Telnosto$a washingtonensi s l4ansf leld
Telnostona vlrginlca campbell n. sp.
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Macromphallna aperta (H. C. Lea)
Macrompha]lna chuckatuckensls canpbe]l n. sp.
Macrorphallna dupllnensls (Da11)
Macroq)hallna hanseni ward & Blackwelder
Macrorq)hallna pelrrotl Gardner
Macronphallna sp.
Cochliolepls concava (U. C. lea)
cochliolepis holnesii (Da11)
cochliolepLs leal {Dall}
cochllolepls parasltica stlmpson
Cochllolepls striata DaIl
cochllolepis virglnlca Pilsbry
caecum caroLlnensls DalI
caecum chuckatuckensis Cam@ell n. sp.
Caecm clnctm Ol-sson & Harblson
Caecum conpactum DaIl
caecum cooperl s. sntth
Caecum coronellum Dall
caecum fletnlngi Gardner e Aldrlch
Caecum florldanum stlmpson
caecum cf. C. gurgulio Folin
caecum heladum Olsson & Harblson
caecum lbex Dall
Caecw lnbrlcatun Carpenter
caecum Johnsonl wlnkley
caecum pulchellum Stlmpson
caecum regulale carpenter
caecrm stevensoni l'{eyer
caecm textile Fo]1n
caecum tortile Dal]
caecum vestltm Folin
Caecm vlrglnianum Meyer
Meloceras cingulatw Dall
Meioceras nitidun (Stlmpson)
Turritell.a altlcostata conrad
Turrltel.la sp. cf. T- altlllra conrad
Turrltella a.Lumensls lilansfleld
Turrltella aplcalls Hellprin
Turritella beaufortensls ward 6 Blackwelder
Turritella blpertita Conrad
Turrlte]la buckinghanensis Mansfield
Turrltella burdeni {?uorney & Holmes)
Turrltella aff. T. cartagenensis Pllsbry c Brown
Turrltella constrlcta (Emons)
Turrltella fluxionalis Rogers & Rogers
Turritella etiwanensls (Tuomey & Hol.nes)
Turrltella evergladensls
Turrltella gladeensls Mansfield
Turrltella holmesil Dall
Turritella mansfleldl olsson
Turrltel-la fErexl11s conrad
Turrltel,la perattenuata Hellprln
TurrltelLa pontonl Mansfield
Turritella terstriata Rogers and Rogers
?urritella virglnica Campbell n- sp.
Turritella wagnerlana olsson & Harblson
vermlcularla sp. cf. v. knorrli
vermicularia recta ofsson & Harblson
Vermlcularia spirata (Phl}lppi)
Vermlcularla weberl olsson & llarblson
Vermlcul-arla woodrlngl olsson & Harbison
Archltectonlca nobllis Roding
Hellacus blsulcatus (orblgny)
Pseudotorlnla nupera {Conrad)
Pseudotorlnia retlfera (DaU)
Petaloconchus erect.us (Dall)
Petaloconchus lrregularls orblgny
Petaloconchus sculpturatus H. C. Lea
Petaloconchus varians (Orblqny)
I,emlntlna decussata (Gmelin)
lenintlna granlfera {say)
I€nlntlna qranlfera tenera (Da11)
Modulus carchedonius (Lamarck)
Modulus modulus (Linnaeus)
Modulus noodrlngl Mansfleld
Cerlthldea callisma (Da11) Olsson & Harbison
Cerithldea costata (da Costa)
cerithidea pllculosa (Menke)
cerithium alglcola C. B. Adams
cerlthium atratum (Born)
Cerithlum burnsil DalI
Cerlthlum caloosaense Dal.l
Cerlt.hlum coccodes DaLI
cerithiun dalll olsson & Petlt
cerlthiurn f lorldanum Morch
cerlthlum glaphyrea Dal-
cerlthiun harveyensls Mansfield
cerit.hlun Iitharium DalI
cerlthlun muscanm Say
Cerithlutn peratratum Olsson & Harblson
cerithlun trlticlun olsson & Harblson
cerlthium vlclnla olsson & Harbison
Cerlthlun wlL]@xl Olsson & Harblson
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Pyrazus scalatus (Hellprln)
Pyrazus scallnus olsson
Rhlnoclavls caloosaensls (Da11)
Flnella adansll (Dall)
FlnelLa dubia (orbigny)
Bltt.lulr annettae Dalf
Blttlurn curtum (H. C, Iea)
Blttlum podagrlnun Da]l
Blttlum varium (Pfelffer)
Cerlthlopsis abruptum watson
cerlthlopsis aralla olsson & Harbison
cerithlopsis brassica olsson e Harblson
cerithlopsls dauca olsson & Harblson
cerlthlopsls blcolor (C. B. Adams)
Cerithiopsls floridana DaIl
cerlthlopsls greeni (c. B. Adms)
Cerlthlopsls malsana Olsson & Harblson
cerithiopsis metaxae taeniolata DaIl
cerlthl.opsis nodesta Adams
cerithiopsis ophiura olsson & Harbison
cerithlopsls scarlphus Dall
cerithiopsis smithfleldensis olsson
cerithiopsis vinca olsson 6 Harbison
cerithlopsls sp. Canpbell
Seila adamsli (H. c. lea)
Triphora bartschl (O]sson)
Trlphora bolax olsson & Harbison
Triphora sutxnonilifera (orbigny)
Triphora modesta C. B. Adare,
Triphora nlgrocincta (c. B. Adams)
Triphora oreodoxa olsson & Harbison
opalla burryi clench & Turner
opalla debouryl DaIl
opalia textuvestitm (Maury)
cirsotrem dalll Rehder
Clrsotrema woodrlngi olsson
scalina boylae olsson
Epltonlum aciculum (H. c. Iea)
Epitoniw almensls Mansfield
Epitoniw angulatw (say)
Epitonim bolteni Gardner
Epitonium duplinianum (Olsson)
Epitonlun chuckatuckensis campbell n. sp.
Epl.tonlm cornigerm (H. c. Lea)
Epitoniw carollnae Gardner
Epltonim curtum (Emons)
Epitonim druldl campbell n. sp.
Epitonlw edgecombense Gardner
Epltonim fargol olsson & Harbison
Epitonium fasciatun Gardner
Epitonium foliaceicostum (orbiqny)
Epltoniun cf. E- fractum DaII
Epltonium frielel (Dal1)
Epiton
Epiton
Eplton
Eplton
Epiton
Eplton
Eplton
Epiton
Eplton
Epiton
Epiton
Epiton
Eplton
Epiton
Epiton
Epiton

m helikw Olsson & Harbison
um hmphreysLi (Kiener)
um juncem cardner
um sp. aff. E. krebsii Morch
um leai ward & Bl-ackwelder
um magnolianum (Olsson)
urn micropleurun (H. c. Lea)
um microstomum (H. c. I€a)
um nuldrowi (Gardner e Aldrich)
um nultlstriatm (Say)
um novange.Ilae (couthouy)
um obtusm olsson & Harbison
w rupicolrnn (Kurtz)
m sheldoni (olsson)
m snlthfleldensis Mansfleld
um pourtalesli (Verrill and smith)

Epitoniun antillarw (deBoury)
Melanella arcuata (c. B. Adams)
Melanella calkinsi OLsson & Harbi.son
Melanetla chesapeakensis cmpbell n. sp.
Melanella angulata (H. c. Iea)
Melanella nisofomis (olsson & Harbison)
Melanella fargoi olsson & Harbison
Melanella gibberula olsson & Harbison
Mefanella gracilis (C. B. Adams)
Melanella lnLermedia (cantralne)
Melanella Juncea Gardner
Melanella laevl.gata (H. c. Lea)
Melanella locklini olsson & Harbison
MelanelIa magnoliana Gardner & Aldrich
Melanella rectluscula Dall
Melanella suavls Olsson & Harbison
Melanella subcarlnata orbiqny
Strombifomls aurlcinctus Abbott
S. beaufortensis (Ward and Blackwelder)
stronblfornls biconica Gardner
stronbiformls conchita (Olsson & Harbison)
stronbifornls dalli Gardner e Aldrich
stronbifomls 11na Gardner
Stromlcifomls mlgrans (conrad)
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Stromblfornls spatuLata Gardner
Niso aegeles Bush
Nlso lrlllcoxll Da]l
Mucronalla sp. Campbel]
Atlanta cordiforrnis cabb
Hlpponix antiquata (Linnaeus)
Hipponix flolldana olsson & Harblson
Isel.ica globulus (9. c. Lea)
Caxinolbls lyra (Conrad)
carlnorbls quadxlcostata {&unons)
calyptraea centralis (conrad)
chellea equestris (Linnaeus)
Trochlta florldana olsson & Petlt
crucibulum auriculutn (Gne]ln)
cruclbullnlr auriculum ltplnosum (sowerby)
Crucibulrnn graridls (sey)
CrucibuluR lalrrencel Wald & Blacklrelder
cruclbulum leanuin qanpbell.. n. sp.
Ctuclbulum leahrm var. CampbeLl n. sp.
cruclbulun multllineatum (cohrad)
Cruclbuluir scutellatwn (Wood) :

crepldula aculeata aculeata (Gne]ln)
erepldula acdleata ponderosa (I,6a)
Crepldula adunca Sowerby
crepldula conveta (say)
crepldula clmbaefofrls Conrad
crepldula fornicata (Llnnaeus)
creDldula naculosa conrad
clebidula plana Say.
Stronbus leldyi Heilplin
stronbus ndyacensls Tucke! t WlLson
st.ronbus puglli.s tinnaeus
stronbris pugllis alatus Grnel.in
Stronbus pugl]ls floridanus Uansfleld
Strombus willlanlsl O1sson I Petlt
Stronbus sp.
Strombus sp.
st.fonbus (Trlcotnis) n. 6p. liargrev€
Strornbus (Trlcornls) n. sp. Hargreve
Xenophora conchyllophora (Born)
Iamellaria persplcua (Llnnaeus)
Erato naugerlae Gray
Trlvla florldana ol,sson & Harblaon
Trivla globosa cray
Trivia lncert.a Tucker & wllson
Trlvla islahlspaniolae petrela Olsson 6 Harbison
Trlvla pedlcula (Llnnaeus)
Trlvla pedicula permagna Johnson
Trivia suffusa Gray
Pusula crovoae Olsson
Jennerla llndae Petuch
Jennerla rlchardsi olsson
Jennerla ]oxahatachlensis (M. srnlth)
.tenneria heplerl Olsson
siphocypraea calolinensls (conrad)
Slphocypraea carollnensls hughesi Olsson & Petlt
siphoclpraea c. transltorla olsson & Petlt
Siphocypraea problematlca (Hellprin)
siphocypraea trlpp€ana Parodlz
cypraea llndae Petuch
cyphorna gibbosa
cyphona viaavenls Petuch
cyphoma catolae Petuch
cyphoma finkll Petuch
Cyphotna miatdensls Petuch
Neoslnuria sp.
Sinnla unlpucata Sowerby
slnnlalena diegelae Petuch
slnnlalena donovanae Petuch
Pollnices carollnlana (conrad)
Pollnlces coensls (Dal1)
Pollnlces dupLlcata (say)
Pollnlces florldana Tucker & Wllson
Pollnices subclausa Sowerbv
Pollnlces sp. Carnpbel-l
Lunatla heros (say)
Lunatla lnterna (Say)
Lunatla perspectlvla (Rogers & Rogers)
tunatla sayana Campbell n. sp.
Bulbus chesapeakensls Canpb€ll n. sp.
stlgmaulaa polypum Olsson & Halbison
Slgatlca carolinensts (Da11)
Slgatlca legLa cuppy
slgatica setnlsulcata (Gray)
Slnun chesapeakensls Catrpbell n. sp.
Sinun nultlpllcatun (Dall)
sinum pelsp€ctlvun (say)
slnun polandl M. smlth
Natica canlena (Llnnaeus)
Natlca castrenoldes Woodrlng
Natica (stlgmaulax) guppyana Toula
Natica pllcatella conrad
Tectonatlca pusilla (Say)
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Cassls fl.oridensis Tucker e Wllson
Phallurn lnflatun (shaw)
Phallun granulatum (Born)
sconsla hodgeli (Conrad)
Morum florldana ?ucker & wllson
Morum macgintyl Maxwell Smith
Morum obrienae Olsson 6 Petlt
C!,natiun florldanm Mansf ield
Cymatlm plleare (Llnnaeus)
Clmttum valentlnel Olsson & Petit
Distorslo cfathrata (I"anarck)
Mal.ea densecostata {Rutsch}
Malea sprlnql Petuch, 1989
Malea petitl Petuch, 1989-Bermont
Ficus comunls Rodlng
Ficus carolae clench
Ficus holnesll couad
Ficus lacksonensis OLsson 6 Harblson
Hausteih:m annlae (M. snith)
Haustell.um bellegladeensls (E. Vokes)
"Murexl microneris DalI
HaustelLin rubldus (f- C. Baker)
Hexapl€x fuLvescens (sowelby)
Hexaplex (Hexaplex) hert!,teckonm (Petuch)
Hexaplex trlppae (Petuch)
Chlcoreus (Chlcoreus) dllectus (A. Adams)
chlcoreus (chlcoreus) florldanus E. H. Vokes
Chlcoreus (chlcoreus) shirleyae vokes
Chlcoreus (chlcoreus) xestos E. H' vokes
chlcoreus (Phyllonotus) gtobosus (Enmons)
chlcoreus (Phyllonot.ust feonensls E. H. Vokes
chicoreus pomw (Gnelin)
chlcoreus (Phyllonotus) rlparlus (E. H. Vokes)
Murexiella qlypta (M. smlth)
Murexlella graceae (McGlntY)
Murexiella mcglntyl {M. snith)
Murexie]Ia nacgLntyi faceta (8. vokes)
t'lurexiella petili E. H. vokes
MurexleLla shilohensls (Heilprln)
Murexlella burnsll (Whltfield)
Murexlella (subpterynotus) text.Ilts (Gabb,
PoLrerla (Pananurex) clarksvi llensls (!'tansf ield)
scal.aspira strumosa {conrad)
Urosalpinx barbltoides (Gardner)
Urosalplnx cinereus (Say)
Urosalpinx gardnerae Canpbell n. sp.
urosalplnx rapahannockensis {Gardner)
urosalpirx lepldota (Da11)
Urosal-pinx perrugat.a (Conrad)
Urosalpinx tanpaensl-s (conrad)
Urosalpinx (TrossuLasalpinx) curtus Dal]
Urosalplnx (Trossulasalpinx) subsldus Dall
Urosalpinx trossula (Conrad)
Vtt.ularla salebrosa (King & Broderip)
Pterorytis conradl (DaII)
Pterorytis unbrlfer (conrad)
Aspel]a engonata (Da11)
AspelIa ellzabethae M. smlth
Aspella senax Dall
Aspella sp. cf. A. Jani (Doderleln)
Favartla aLta (DalI)
Favartia cellul.osa (conrad'
Eupleura caudata {say)
Eupleura miocenlca Dall
Eupleura suLcidentata DaII
Acanthotrophon strlatoides Vokes
Calotrophon ostreamm (Conrad)
Calotrophon ostlearum conradi (Mansfleld)
Calotrophon ostrearum milyae Petuch
Attiliosa vlaavensis Petuch
Attiliosa striata (Gabb)
Acantholabla fl.orldana olsson & Harbison
trophonopsls petltl canpbell n. sp.
Boreotrophon tetrlcus (conrad)
Boreotrophon tetricus laevls (Martln)
Typhls acuticostata (conrad)
Typhls carolinensls Olsson e PeLlt
Typhls floridanus Dall
Typhls ttarrlsl olsson
Pterotyphis trlangularls (A. Adams)
Thais henastoma floridana (conrad)
Thais caloosana (Tucker & wilson)
Ecphora bradleyae Petuch
Ecphora quadricostata {say)
coralllophita abbreviata (Lanarck)
coralllophiIa leonensis Mansfleld
colalllophiIa mansfieldi (lGccinty)
corallloohlla llndae (Petuch)
CotumUetta cosmla Dall
colunbella rustlcoldes Heilprln
Eurypyrene mlccosukee Petuch
Anachls avara (say)
Anachls avara amydra Dall
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Anachls avara caloosaensls Da]l
Anachls camax Dall
Anachls charlessa Macclnty
Anachis clappl Mansfl-eld
Anachls clavatula Olsson & Harbison
Anachls clewlstonensls M, smith
Anachis lafresnayl (Flscher & Bernardi)
Anachis obesa (c. B. Adams)
Anachis parvula (H. C. Lea)
Anachis styllola Dall
Anachis sumterensis Gardner & Aldrich
Anachis vlrgilina cardner
Anachis wleserae l,lansfleld
Stromblna anoRala (Gardner & Aldrlch)
stromblna gunteri Mansfleld
Stromblna margarita Ofsson & fiarbison
Mltrella comunls (conrad)
Mltrella edenensls Rlchards & Harblson
Mltellla fuslformls (orblqny)
Mitrella harbisonae Catnpbell n. sp
Mitrella gardnerae (olsson & Halblson)
Mitrella lunata (Say)
Mltrella rnatsonl (Mansfield)
Mitrell-a lnultll1neata (Dall)
Mltrella waccanawensls Gardner
Parametarla lindae Petuch
Nassarina glypta (Bush)
Aesopus coxi Locklin
Aesopus emonsl (conrad)
Aesopus ithltoG (Da11)
Aesopus proctorae (MaxwelL smlth)
Aesopus stearnsll (Tryon)
JullamltreLla chesapeakensis campbefl n. sp.
JuLianltrelLa gardnerae (ward & Blackwelder)
,tuliamltrella smithfleLdensis (Mansfield)
Juliarnitrella virglnlca campbell n. sp.
Buccinum undatwn Llnnaeus
Bucclnum sp.
Tortifusus curvlrostra (conrad)
Ptychosalplnx altlle (conrad)
Ptychosalplnx chesapeakensis campbell n. sp
Ptychosal-plnx laqueatus (conrad)
Ptychosalpiu multlrugatus (Conrad)
Ptychosalpirx tuoney (H. c. Lea)
MetuLa robertsl Olsson
Phos floridensis Tucker e wllson
Phos inornatus Gabb
Phos sloani cardner & Aldrich
Phos vaughanl Mansfleld
Rhipophos metajonesae Petuch
Gemophos pllcatllm (Bose)
Stromblnophos naxwelll Olsson & Itarblson
Englna fJ.oridana olsson & Harblson
Englna turbinella (Klener)
Bailya roycel (Maxwell smlth)
Bal]ya lntrlcata (DaLl)
Trltonoharpa fLorldensls Tucker & wilson
TrLtonoharpa lanceolata (Menke)
Monostiolum petltl Olsson
Monostlolum thonasl olsson
Plsanla auritula (Link)
Plsanla harveyensis Mansfleld
Pisania (celatoconus) nu (DalL)
Cantharus cancellarius (Conrad)
Cantharus caloosana (Tucker e Wllson)
cantharus clarksvellensls (Mansfield)
cantharus floridanus (conrad)
Cantharus l!'mani (Maxwell Snlth)
cantharus nultangula (Phl}ippl)
Cantharus perplexus Olsson & Harblson
Cantharus tinctus (Conrad)
Cantharus tridentata (Tuomey t Hpbnes)
Cantharus watsonensls Mansfleld
solenostej.ra mengeana (DalI)
solenosteira vaughanl (Dall)
S. vaughanl acllnensls Tucker E wilson
Melongena bispinosa (Phlflppi)
Melongena consors (Sowerby)
Melongena corona (Gme]ln)
Mel.onOena subcoronata Hellprln
Busycon amoenw Conrad
Busycon carlca {Gmelln}
Busycon maxfunum Conrad
Busycon naxirnun tudlculatm (Da11)
Busycon maxljnum fllosum conrad
Busycon rapun (Hellprln)
Busycon petitl (ol.sson)
Busycon echlnatum (Dall)
Busycon echlnatun helenae olsson
Busycon conaliculatum (Linnaeus)
Busycon enaLlferm Conrad
Busycon lnclle {Conrad)
Busycon wllcoxl Gardner
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B. chowanense cardner (- TorClfusus)
Busycon conclnnw Conrad
Busycon contrariun (Conrad)
Busycon excavatrm (Conrad)
Busycon splratw (Lanarck)
Busycon spiratun floridanm Olsson & Harblson
Busycon spiratun pyruloides {say}
Busycon pyrifornls {Conrad)
Busycon kerri Conrad
Busycon bladenense cardner
Busycon harasewychi (Petuch)
Busycon rugosicosEata (Petuch)
Busycon seminoLe (Petuch)
Busycon osceola (Petuch)
Busycon sarasotaensls (Petuch)
Busycon demistriat.un (Petuch)
Busycon laevis (Petuch)
Busycon turbinalls (Petuch)
Busycon planulaturn (DaII)
Lyrasoma suLcosa (Conrad)
Llrosoma sulcosa multlcostata Olsson
Nassarlus acutus (Say)
Nassarius albus (Say)
Nassarlus almensis (olsson)
Nassarius bldentatus (Emnons)
Nassarlus caloosaensls (DaII)
Nassarius consenoides (Olsson)
Nassarius corbls (Olsson)
Nassarlus cornellianus (Olsson)
Nassarlus fargol olsson & Harblson
Nassarlus florldanus (Mansfield)
Nassarlus Iaplnotierl (Da1l)
Nassarlus Iockllnl Olsson & Harbison
Nassarius monlllformis (Etnmons)
Nassarlus nonillformis smithianus (Olsson)
Nassarius mutti.Llneatus (Emons)
Nassarius neogenensls {cardner 6 Aldrich}
Nassarlus quadridentatus (Mansfield)
Nassarius quadrulatus (H. C. Lea)
Nassarius rastus Olsson & Harbison
Nassarius scalaris (Couad)
Nassarlus shacklefordensis Olsson
Nassarius vlbex (Say)
Nassarius zetus (Gardner)
IJ.yanassa florj-dana Maxwell Smith
Ilyanassa granlfera (Conrad)
flyanassa harpuloldes harpuloides (conrad)
ffyanassa harpuloides Johnsonl {Da11}
Ilyanassa harpuloldes scalaspira (Conrad)
flyanassa lrrorata (Conrad)
Ilyanassa isogram (Da]1)
Ilyanassa marthae (olsson)
Ilyanassa obsoleta (Say)
flyanassa porcina (say)
flyanassa porcina deleonensis Tucker
Ilyanassa porcina schlzopyga (DaIl)
Ilyanassa sexdentata {Conrad)
Trajana pyta Gardner
Trajana veracruzata E. Vokes
l,atirus stephensae Lyons
Latirus hypsipettus DaI]
Latlrus jucundus McGinty
Latlrus carlnlferus (Lamrck)
Latirus mxwelti pllsbry
l,atirus niamlensis Petuch
I€tirus caloosahatchlensls Lvons
Lallrus nosali Lyons
Fasciolaria apiclna DalI
Fasclolarla ]illun G. Fischer
Fasciolarla nonoclngulata Dall
Fasciolarla okeechobensis Tucker c Wilson
Fasciol-arla rhomboidea Rogers & Rogers
Fasciolarla tulipa Linnaeus
Terebrasplra acuta (hrunons)
Terebrasplra elegans (Erunons)
Terebraspira scalarina (Hellprln)
Terebraspira sparrowi (Ennons)
Triplofusus cronlyensls (cardner)
Triplofusus glgantica (Kiener)
Liochlamys bulbosa (Heilprin)
Fusinus (Hellprinia) ca_Loosaensls (Heilprin)
Fusinus (Heilprlnia) equalls (Emons)
Fusinus (Heil"prlnia) ex1lis (Conrad)
Fusinus (Hellprinia) exilis burnsil Dall
Fusinus propepari lls Mansf ield
Fuslnus (Hellprinla) tlmessus (DaIl)
Hesperlsternia filicata (Conrad)
Hesperisternia lnsul-a (olsson)
Oliva canaliculata H. C. Lea
Oliva carolinensis (Conrad)
oliva edwardsl olsson
oliva murielae oLsson
OIlva retlcularls l,amarck
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Ollva robesonensls Gardner
Oliva sayana Ravenel
olivetla ancillariaeformls (H. c. Lea,
olivella carollnae Gardner
olivella clewlstonensls Olsson & Harblson
oll.ve1la (callianax) coensls Mansfield
ollvella dodona Olsson 6 Harbison
otlvella druidwllsonl olsson & Petlt
ollve]la fargoi Olsson & Harbison
olivella (Niteolj.va) florldana Mansfield
ollvel]a lockllni olsson
ollvella (Dactylldla) mansflel-di Olsson
olivella mutlca (say)
ollvella prefloralia olsson & llarbison
ollvella pugiLis olsson & Harblson
Olivella taniamtensis Mansfield
Olivella waternanl McGlntY
ollvella wllsoni olsson
,Jaspidella Jacksonensls (Mansfleld)
Jasbldella Jaspldea gladeensis (!4ansfleld)
Pleioptygrna carollnensis (conrad)
Pleloptyqma llneolata (Heilprln)
Pleloptygma lindae Petuch
Mitra conpsa Maxvtell smlth
lilitra stephensoni Mansfleld
Mltra (scabrlcola) lindae Petuch
Mitra (s.) caloosahatcheensls Petuch
conomitra sheldonae Tucker & Wllson
vexlllum (Costellarla) cryptldulun Woodrlng
Vexl11um (Uromltra) cLenotrm Gardner
Vexlllm elaboratun (H. C, I,ea)
vexillurn gunterl olsson & Harblson
Vexillun reticulatum (Ermons)
Vexillum (Uronltra) sp. cf. v. syntomum woodrlng
Vexlllun wandoensls (Holmes)
vexlll-ur wLl.lcoxi (DaIl)
Vasum florldanun McGlntY
Nodicostellaria Jonesae Petuch
Vasum (Hystrivasm) horrldun Hellprln
vasun (Hystrivasum) Iockllni olsson & Harbison
vasum (Hystrlvasum) olssonl vokes
Vasum (Hystri.vasum) squanosum Uollist,er
vaslm (Hystrlvasun) schtinerae Ho]llster
vasun {Htstrivasum) olssonl klsslnunense Holllster
Vasun {Hystrlvasum) palmerae Holllster
vaswn (Hystrlvasum) vokesae Holllster
Turbinella angulata (tlghtfoot)
Turblnella hoerlei vokes
TurbLnella reglna Hellprln
Turbinella scollmoldes Dall
scaphella floridana brerunortonl olsson I Petlt
Scaphel-Ia florldana (He1lprln)
Scapbella preculsor Gardner
Scaphella solitaria ricel canpbell n. ssp.
scaphella trenholnll (Tuoney & Holnes)
scaphella n, sp.
Aurlnla mutabllis {conrad)
Aurlnia obtusa (Ermons)
Aullnia sinuosa (Gabb)
Cancellarla aRoena olsson & Harbison
Cance]larla barettl GUPPY
cancellarla conradlana Dall
cancellarla depressa Tuorney 6 Holmes
canceltaria galvestonensls Harrls
cancellarla macnelli Mansf ield
cancellarla noorei pachla M. snlth
Cancellaria plagiostona conrad
cancelLaria rapella,Johngon
cancellaria retlculata (llnnaeus)
Cancellarla rotunda Dall
cancelLarla venusta Tuorney & Holnes
Panarona agtia (Mansfleld)
Panalona coensls (Mansfleld)
Axelella smithti {tall}
Axelella wlIli-ansi. (Petlt)
Agatrix epomls (Woodrlng)
Trlgonostotna senariun Peti! 6 lloerle
Trlgonostoma n. sP.
Trigonostoma belslae glsson & Petit
Trlgonostona caloosahatchlensis (Tucker & wl1son)
Trlgonostoma tenera (Phlllppl)
Trlgonostoma tenera carollnensls Em[ons
Trlgonostoma druldi olsson & Petit
Trlgonostona ellzabethae Olsson & Petit
Trlgonostoma heJenae olsson & Petlt
Trlgonostoma {Extractrixt hoetlel olsson
Trioonostoma marthae OLsson
Trilonostoma perspectivla (conrad)
Trigonostoma sericea (Dall)
Trigonostoma snlthfleLdensis oleksyshyn
Perpllcarla Perplexa Dall
Bullata antiqua (Redfleld)
Bu]1ata taylori (OLsson)
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Mlcrosplra donovanl olsson
MLcrosplra ol-lvlfornls (Tuoney & HoLmes)
lllctosplra ovlformls (conrad)
Dentlmargo aclj.iensis (Tucker & wllson)
Dentlnarqo aureoclncta {stearns)
Dentinargo caloqFana (Olsson & Harblson)
Dentfunargo chesaFeakensls campbell, n. sp.
Dentlnargo eburneola {Conrad)
DenLimxgo hamtlta (Kiener)
Dentlnaxgo nansfieldl (?ucke! e Wilson)
Dentlrnargo polyspira . (olsson e Harbison)
Dentlnargo schmldtl (olsson)
Prunurn ambiLls (Redfleld)
Prunum apiclnun (Menke)
Prunum bellum (conrad)
Prunurn eullmum (DaIl)
Prunum formosuln t{. smlth
Prunun hosfordengls (Mansfleld)
Prunum llmatulum (Corirad)
Prunum oncholldea DalI
Prunun pardalls {Da]1)
Prunum pinellasensls (olsson & Harbison)
Prunum precursor' {Dall)
Prunum contractun (Conrad)
Prunum roscidum {Redfleld)
Prunun sublnflexun {Redfleld)
Prunm virginlanutn conrad
Prunun willcoxianun {Dall)
Granula floridana (Dal])
Granula lavalleeana {Orblgny)
cranul.a sp.
Persicula ovula conrad
Hyalina palllda (llnn€eus)
volvarina avena (Klener)
Volvarina avenacea (Deshayes)
volvarlna belloldes (olsson & Harblson)
Volvarina clenchi (M. Smlth)
Volvarlna styria (DalI)
volvarlna succlnea Conrad
volvarina tersa (l,lansfield)
cranullna analntula (Dall'
Granullna daerla (Da]l)
cranullna qabbl (Dal])
Granullna nansfieldi campbell- n. sp.
Granullna hadrla. (Dal])
cranullna n. sp.
Conus adversarius Conrad
conus aplun Woodrlng
Conus cherokus Olsson 6 Petlt
Conus daucus Hsass
conus defessert.ll Recluz
conus druldi olsson
Conus florldanus Gabb
conus harveyensLs Mansfleld
conus hertwecki Petuch
conus Jaspideus Gnelln
conus maryLandicus Green
Conus (Virgoconus) mlatnlensls Petuch
conus presozonl OLsson e Pet.it
Conus ploteus H$ass
conus robertsi Olson & Harblson
Conus spuroides Olsson & ilarbison
Conus stearnsli Conrad
Conus testudlnarius ]eonensls Mansfleld
Conus vloletae Petuch
Conus waccanawensis B. Smlth
conus yaquensls Gabb
conus bassl Petuch
conus protocardinalls Petuch
Conus paxanobills Petuch
Conus spengletl Peluch
conus trippae Petuch
Terebra acl.lnica olsson
Terebra binodosa, {Mansfield)
Terebra blakel l{ansfleld
Terebra brlghtonensls (olsson)
Terebra carollnensls (Conrad)
Terebra concava (say)
Terebra dislocata (say)
Terebra emmonsi Dall
Terebra ernrnonsl grayl Gardner
Terebra enrnonsl hamptonensis canpbell n. ssp.
Terebra hunterae Olsson
lerebra indenta Conrad
Terebra sp. near T. lndenta Conrad
Terebra mLamica olsson
Terebra petltl (Olsson)
"Strioterebrun sp. cf. S. petlEl Ofsson"
Terebra protexta Conrad
Terebra seminolurn (olsson)
Terebra unlllneata (conrad)
Terebra vertebralis olsaon 6 Harbison
Polystlra sp. cf. P. alblda (Perry)
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cochlespira cedonulll (Reeve)
Cochlesplra n. sp.
Pyrgospira ostrearum (stearns)
Pyrgospira trlcatenaria (Conrad)
MltroLmna clncta (Da]])
MitroLma gunteri {Mansfield)
Mltrolumna nltrodita (Gardner 6 Aldrlch)
Mltrolumna pygmaea (Dall)
MitroLumna snlthfleldensls (olsson)
Mltrolumna yadklnensls Campbell n. sp.
Drll]la albotnaculata DalI of DuBar
Drlllla (Drll1ia) chuckatuckensis campbell n. sp.
Drl]]ia ebur Reeve of DuBar
Drlllia flexuosa {Emons)
Drlllia macgrawensis Olsson
Drillla nlagnollana Olsson
Drlllla precursor Gardner & Aldrich
Drlllla sollda C. B. Adms
Drl]lla swterensis cardner c Aldrlch
Drlllla {Clathrodrlllia} acurugata (Dall)
Dri llia {Clathrodrl L lla } anteaphanitoma Mansf ief d
DrlLlla {Clathrodrillla} flmonsil Olsson
Drl11ia (Clathrodrillla) gracll1na Mansfield
Drillla (clathrodrillia) impressa conrad
Imaclava halell Campbell
cerodrlllia perryae Bartsch & Rehder
Cerodrillia perpollta (DaIl)
Cerodrillla simpsonl (DalI)
cerodrlllla sinpsonl cingulata Gardner
cerodrlllla simpsonl rectlcostata Fargo
cerodrillla thea {Dau)
Crasslsplra anLealesldota llansfleld
Crassisplra ecphorae (Olsson)
crassisplra gastrophila (olsson)
crassispira perspirata Dall
Crassispira perrugata DaII
crassispira pyrenoldes (conrad)
Crassispira (crassispirella) vi.rginiana (conrad)
Monl
Moni
Monl
sedl
sedi
sedi
sedl
sedl
sedl
Sedi
sedl
sedi
sedi
sedl
sedl
Sedl
Sedi
sedi
sedi

ispira archeri Fargo
ispira bigemna (Da]l)
spira leucocyma (Da11)
a acuclncta (DaIl)

la aphanitona (Dal])
a aphanitona oxla (Da11)

ia bella (conrad)
a belloldes (olsson)
a hoplophorus (Da11)
a myrmecoon (DaI1)
a ochoidia Fargo

La ondulm Fargo
a piscator (DalI)
a podagrlna (Da11)
a rushmerensis (Mansfield)

ia sapa Fargo
ia schismatica (Dall)
a sedilia {DalI}

ia sp. cf. s- sedLlla (Da11)
la slgela (Dall)

clathrodrlllla ebenla (Da]l)
Sedj.lia transa Fargo
carlnodrlllia pylonla Fargo
Carlnodrlllia smlthfieldensis (olsson)
Syntomodrlllia sclssurata {Dall)
Syntomodrilli a ztczac (Gardner)
Fenimorea fucata parLa (Reeve)
Feninorea noseri (Dall)
Fenlmorea pagodula (DaLl)
splendrl}]la arata (Conrad)
splendrlllia fucata (Reeve)
clnnatosyrinx acllnlca Tucker & Wllson
clmatosyrlnx aepynota aclla Dall
Cl4natosyrlnx aepytuberculata Mansfleld
qmatosyrlnx lunata (l{. c. lea)
Clnnatosyrinx perpollta (DaIl)
C\.matosyrlnx porrecta Mansfleld
clmatosyrlnx propeaepynota Mansfleld
Clanatosyrlnx rlcell campbell
clrtnatosyrinx tiara Gardner
Bellasplra virglnlana {Conrad)
conpsodrillia €lesl Fargo
Compsodrillla chowanensls Gardner
corpsodrillia drewi (Gardner)
compsodrillla drewl plnellas Fargo
Compsodrlllia eburnea (Conrad)
CompsodrlJ.lla llpana Fargo
Stellatoma stellata (stearns)
Mangella andrewi campbell n. sp.
Mangella bartLettl (Dall)
Mangella cerlna Kurtz & stimpson
Mangelia quadrata Reeve
cryoturrls naesll Carpbell n. sp.
cryoturrls cerlne]]a (Dall)
cryoturrls nagnol.lana (Olsson)



cryoturris rnagnoLlana chariessa Gardner
Cryoturris serta Fargo
Cryoturrls padolina (Fargo)
Kurtzlella atrostyLa (Tryon)
Kurtzlella gardnerae Mansfield
Kurtziella llmonite]la (DaI])
Kurtzlella smithfleldensls (olsson)
Kurtzlella rube]la (Kurtz 6 stinpson)
Ithycythara kelLuni Fargo
lthyctrLhara lanceolata {c. B. Adans)
Ithyclthara tRaera rata Fargo
Ithycyt.hara pslla (Bush)
Pyrgocythara (vltrlcltthara) metrla (Dall)
Pyrgocyt.hara (vlt.rlcyt.hara) micronerls (Dal1)
Pyrgocythara coxl Fargo
Pyrgocythara balteata (Reeve)
Pyrgocythara emeryl Fargo
Pyrgocythara plicosa (C. B. Adams)
Thelecythara florldana Fargo
Brachycythara bl.conlca {c. B. Adams)
Brachycythara brevis {C. B. Adams)
Brachycythara galae Fargo
Brachycythara galae dinonla Fargo
Brachycythara qlbba (GUPPY )
Brachycythara gordonae Fargo
Brachycythara reldenbachi Ward 6 Blackwelder
Brachycythara ternlnula (Da]l)
Brachycythara turrita (Mansfleld)
clabrocythara lockllnL Fargo
Glabrocytbara sp. I'{ard & B}ackwefder
cllphoturrls ertim (Bush)
cllphoturrls rugirina (DalI)
Daphnella cingulata Dall
DaphneLla nodesta DaIl
cllphostona celosia Fargo
G]lphostorna gtatula (Da]])
GLlphostoma Johnsonl Dall
cl-lphostoma marionae Fargo
cllphostoma polyscul.pta Fargo
cllphostoma saplta Fargo
cllphostoma scoptes DalI
cllphostoma typhonoldes Fargo
cll'I)hostoma zoster Gardner
Liogll.phostoma sp.
Liogllphostoma woodringl Fargo
cllphostomops pinellasensls Fargo
Nannodiella anicta woodring
Nannodlella nelanltlca (Dall)
Nannodlella pauca Fargo
oenopota pumilus (I. Lea)
Longchaeus candida Morch
Longchaeus galesl Bartsch
Iongchaeus suturalls (H. c. lea)
Eulimel]a fargoi {Bartsch}
Eulimel]a narylandica Martln
Eullme]]a pinellasl Bartsch
Eullmella tarnpaensls Bartsch
odostomla acutldens Dal-
odostomla (Odostornla) alpha cmpbelL n. sp.
odostomia (odostomia) beta campbell n. sp.
odostonla (odostomia) gama canpbell n. sp.
odostonla (Qostomia) epsilon canpbell n. sp.
&ostomla (Qostomla) nu CmpbeLl n. sp.
@ostomla {dostomia) laevlgata (orblgny}
O. (Chrysa]]ida) auroraensls (ward & Blackwelder)
O. (C.) beaufortensis (Ward & Blackwelder)
&ostomla (Chrysalllda) aldrlchl (Bartsch)
Odostomla {Chtysalllda} archerl (Bartsch)
odostomla (chtysallida) granulata (H. c. Lea)
Odostonla (ChrysaUlda) eta CampbelL n- sp.
odostonia (chrysaUida) theta campbell n. sp.
odostomla (chrysaUlda) zeta campbell n. sp.
Odostomia (Chrysalllda) onlcron Campbel] n. sp.
Odostomia (chrysalllda) senlnuda (C. B. Adams)
odostonia tuomeyl {Bartsch)
odostomia (ChrysaIllda) leai {Bartsch)
Qostomia (chrysalllda) woodrlngl (Bartsch)
odostomla {Menestho) lota campbell n. sp.
Odostomla {Menestho) lmpressa (say)
odostmia (Menestho) milim (H. c. !ea)
odostomia (Evalea) dlaphana (H. C. I€a)
odostomia (Evalea) ovula (H. c, I€a)
Odostomia (Evalea) lanbda Campbell n. sp.
odostomia (Evalea) nu campbell n. sp.
odostomia {Evalea) xl campb€ll n. sp.
Odostomia (Evallna) scufpturata (H. c. I,ea)
Odostomla (Eullnastoma) rho catopbelL n. sp.
odostomj.a (Eullnastoma) simplex (H. c. Lea)
odostomia (sayella) fusca (c. B. Adils)
odostomia (Chesapeakella) slgna Campbell n. sp.
Odostomia attenuata (Da11)
odostomia balchl (Bartsch)
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Odoscomla calesl (Bartsch)
Odostomia conoldea (Brocchi)
odostomla fargoi (Bartsch)
Odostomla gordonae (Bartsch)
Odostomla harbisonae (Bartsch)
odostomia Johnsoni Bartsch
Odostonla llmnla conrad
Odostonla protexta Conrad
Odostonia wagnul (Bartsch)
Odostomla w1l1coxl Bartsch
Trlrptychus blserlatus (cabb)
Trlptychus nlveus Morch
Trlptychus pllocena Bartsch
Perlstlchla nartschl Bartsch
Pexlstlchia sp. aff. P. toreta Dall
Turbonllla (chennltzia) alpha Canpbell n. sp.
TurbonilLa (Chennltzla) beta campbell, n. sp.
T. (strioturbonllla) delta campbell n. sp.r. {strj.oturbonllla} ctelta campbe]L n. sp.
Turbonilla (Pyrgiscus) kappa Campbell n. sp.

a (Pyrglscus) dlganna Canpbell n. sp.
a (Pyrglscus) zeta Canpbell n. sp.
a (Pyrglscus) eta campbelL n. sp.

Turbonllla (Barcschell-a) lota CampbeLl n. sp.
Turbonilla abrupta Bush Ward & Blackhtelder

Turbon
Turbon
Turbon

Turbon
Turbon
Turbon
Turbon

Turbohl
Turbonl
Turbon
Turbonl

a aclsl Bartsch
a admeta Bart.sch

la adonlsi Bartsch
la daedalea (H. C. I,ea)
a eburnea (H. C. Lea)

la exarata (H. C. I€a)
Ia fraglLls (Dall)
]a gardnerae (Bartsch)
la hybrldus (Bartsch)
Ila interrupta" (Totten)

Turboni
"Turbon
Turbonilla lnoae (Bartsch)
Turboni]la lockllni (Bartsch)
Turbonllla multLcostata (C. B. Adams)
Tutbonilla nlvea (Stimpson)
Turbonllla parkerl (Bartsch)
Turbonilla paucistriata? .lefferles of Meyer
Turbonilla protracta (Dall)
Turbonilla retlculata (C. B. Adams)
Turbonilla reticulata (Ennons)
Turbonllla sylvanusi (Bartsch)
Turbonllla subula (H. C. Lea)
?urbonilla thestlusl (Bartsch)
Turbonilla vaughanl (BarLsch)
Turbonilla yamal {Bartsch)
Turbonllla speira Ravenel,
Turbonll-la erLUs (C. B. Adams)
Turbonllla textills (Kurtz)
Turboni]la ob€lLscus (c. B. Adans)
Turbonilla virga DaIl
Turbonilla punlcea Dall
Cyclostrenella rragnollana OLsson
? Cyclostremella nlnlscula Campbell n. sp.
Acteon novellus conrad
Acteon peLecals E. Marcus
Acteon vauqhanl Mansfield
RicLaxis nyakkanus (Da11)
Rlctexis oryza (Gabb)
Rlngicula semlstriata orbigny
Ringlcula florldana Dall
Rlnglcula guppyl DaIl
Rlngicula sp. carnpbell
Acteoclna bullata (Klener)
Acteoclta canallculata (Say)
Acteocina candel (oxblgny)
Acteocina cyllndrlca (Ermons
Acteocina coensis Mansfi.eld
Acteoclna l-epta Woodring
Acteocina mynnecoon {DaIl)
Acteoclna recta (Orbigny)
Cyllchna bldentata {Orblqny}
Cyllchnar dupl inen6ls (Da1I)
Cylichna Johnsonl Ca(pbell n. sp.
Cyllchnella gabbi (DalI)
CVllchnella Jacksonensis Mansfleld
PhlLlne wllllareil Campb€ll n. sp.
Hamlnoea vlrescens (sowerby)
Hanlnoea sp.
Bulla striata Blugulere
Bulla occldentalls Adans
Bulla solida cmelin
Bul]a sp. cardner
Retusa sulcata {Orblgny)
R. (cylichnina) chesapeakensis Campbell n. sp.
Retusa (Cy]lchnlna) nlcrotrema (Dall)
Atys obscuratus Dal1
Atys ornata Gardner
Atys sandersonl Dall-
Volvulella cyllndra (H. C. Lea)
Volvulella pers1nl1ls (Morch)
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Linaclna chesapeakensls campbell n. sp-
creseis aclcula (Rang)
Hyalocylls strlata (t{ang}
cavollnla cf. C. ventrlcosa (Guppy)
Cavollnla unclnata (Panq)
Melampus bldentatus SaY
Marlnula n. sP
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APPENDIX IV:
DISTRIBUTION OF VIRGINIA AND NORTHERN

NORTH CAROLINA PLIOCENEMOLLUSCS
THROUGH TIME

R = RECENT, from literature
0 = JAMES CITY type area, from literature
9 = AURORA OF WARD AND BLACKWELDER, 1987
8 = CHOWAN RIVER, Chesapeake, VA, and type area
7 = CRANE LAKE AND EQUVALENTS,IJPPER.
MOST YORKTOWN,Panopeabed at Chuckatuck, and

uppermost beds at Rock Wharf
6= CHUCKATUCK CROSSBEDS, MORGARTS
BEACH, ANDEQUIVALENTS
5 = RICE'S PIT,Charna BEDS, AND EQUIVALENTS
4 = TYPE RUSHMERE
3 =AURORA CALCARENITE AND EQIIIVALENTS
2=ZONEIYORKTOWN
M = MIOCENE from literature

? = exact stratigraphic placement uncertain.

w = within range, species present in older and younger
beds, but not yet reporled from indicated bed.

Pliocene disnibution within study area only, ranges may
vary in

other areas

---------2-
---------2M
---------2-
---------2-
---------2M
---------2-
---------2-
---------2?
---------2-
---------2-

BIVALVES

Modiolus pulchellus
Pecten smithii
P lac ope c ten c I into nius
?Pycnodonte sp
Astarte emhata
Ast ar te undulata de lto ide a
Astar te undul at a v a ginul at a
Mercenaria sp
Chione cortinaria
Pandora undulata

----32- Chesapecten jeffersonius
------54w2M Striarcacentenaria
---5ww2M Lucinoma contracta
---5ww2- Clbwcardiumvirginianum
------?---M Senule carinata
---5ww2M Glosswfraternus
-----SwwwM Panopea goldfussi

---54w2M Teredinafistula
-----654w2M Lucinatibraria
---654wwM Spisula delwnbis

---65wwwM Periploma sp., cf P. peralta

--7654w2- Noetia incile
*-765ww2- Ctena speciosa

--7w54w2M Diplodonta subvexa

--7654w2- Eucrassatellavirginica cycloptera
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---:7654w2ILd

--765ww2M
--765ww2M
----7654wwM

--765wwwM
----7654w2M

--7654wwM
--7654w2-
---8765432?
---87654w2M

--87654w2M
--8765wwwM
--87654wwM
--9ww65wwwM

-987654w2M
-987654w2M
-987654wwM
-w8765432-
-098765432M
-098765432-
-09w765ww2M
-0987654w2M
-0987654w2M
R0987654w2M
R098765wwwM
R09wwwwwwwM
Rwwwww?wwwM
R098765ww2M
R098765ww2M
Rwww765ww2M
Rww87654w2?
R0987654?2M
R0987654w2M
Rwwww65wwwM
Rww87654w2M
--------3--
--------3--

------543--
------543--
------543--
Rwwwwwww?--

------4---
---?--54---
-----654---

---7654--
----7654---
----7654---
----7654---
----7654---
--987654---
------?----
------5----
------?----
------?----
------5----
------5----
------5----

Spisula confraga
Ensis ensiformis
Macoma virginiana
Semele subovata
M acr o c allis ta albrar ia r epo st a
Dosinia acetabala
Pleiorytis centenaria
Panopea reflexa
O stre ac ompr e s sir o str a
Parvilucina crenulata
Tellina declivis
Corbula cuneata
Corbula inaequalis
Nucula taphria
Yoldia laevis
Glyqmeris subovata
Pitar sayana
C ar o linape c t e n e bor eus
Plicatula marginata
Ostrea sculpturata
Pseudomiltlw anodonta
Carditamera arata
Cyclocardia granulata
Nucula proxima
Nuculana acuta
Qwdrilatera adamsi
Glycymeris pectinata
Anomia simplex
D ival in g a quadrisul c at a
D ipl o dont a nuc le ifu rmis
Chana congregata
Crassinella lunulata
Ensis directus
Chione latilirata
Hiatella arctica
Itptopecten leonensis
C lrc s ap e c te n nudi s o nius
carolinensis
Chlamys decemnarius
C hl amy s de c e rnrar ius v ir g ini anus
C he sape cten septenarius
Placopecten sp., cf. P.
nugellanicus
Astarte roanokcnsis
Mercenaria conugata
Mercenaria carrugata

"tridacnoides"
Modiolas gigas
C lw s ap e c t e n ntdi s o nius
Astarte wdulata
E ucras sat ella v ir gini c a
C lino car diwn ac utilaque aturn
Astarte concentrica
Nuculadiaphana
Anadara propatula
Noetia trigintinaria
Lit hop ha ga pe ctinic ola
Arcoperna williamsi
Musculus ricei
Amusiurnmortoni
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------5--
------5----
------5--
------5---
------5---
------?----
------5----
------?,---
------?----
------5---
------?----
------?----
------?----
------?---
------5----
------?----
------?----

Izptopectenwilsoni
Chlamys rogersi
Placunanomia plicata
Lirrutulavirginiana
P am il uc inap o s t alv e dt a
P anilucinatr is ulcata multistriata
Diplodonta conradi
Mysellavelaini
Solecardia cossmani
Montacuta c he sapeakensis
M ontac uta petr opol itana
Montacuta sagrinata
Orobitella laevis
Sportella calpix
S por te lla c lrc sapea kz ns is
Astarte arata
Astarte coheni
Astarte grifionensis
Papyridea turtoni
Spisula duplinensis
Spisula harrisi
Raeta alta
Ensis schrnidti
Tellina verdcvilla
Macotna cookei
Donax cuneola
Semele alumensis
C orall io plwga mic r o r e tic ulata
Mercenaria inflata
Mercenaria nucea
Pitar castoriana
Genttna cravenense
Gernma verdevilla
Ziphraea rhomboidea
Martesia sp.,cf M ovalis
Lyonsia sp.
P andor a cr a s si de ns twj or ina
T lv acia ntaddely s ens is
C I ino c ar di urn t ae no p I e ur a
Anadara carolinensis
Pododesmus sp.
Tellina egena
Thraciamagna
Nucula dolabella
Anadara improcera
Anadara impr o ce r a buc c ula
Musculus virginicus
Atrina harrisi
Lima carolinensis
Clrarna corticosa
Borniarota
Mysella spatula
P y t hine lla fi I icatic ola
Sportella pelex
Spor te lla petr o politana
Sportellayorkcnsis
Ensitellops compressa
Anisodonta americana
Spisula rnodicella
Emilialata

----765----

--7w5--
----765----
----765----
----765----
----765----
----765----
----765--*
----765----
---8765----
---87w5---

--8w65---
--8ww5--
---?765--
--8ww5--
---8765----
---8765----
---8765----

---8765----
---8765----
--98765----

-9w765--
--98ww5---
--98765----
--98765----
--98765----
--98765----
--98765----
--9ww65---
--98765----

-9ww65---
-098765----
-098765----
-098765----
-098765----
-09w765----
-0ww765---
-098765----
R@8765----
Rwww765---
RwwwTw5----
Rw98--?----
Rw9w765--
Rw98765--
Rww8765--
Rw9www5----
Rwwwww5----
Rwwwww5wwwM
Rwww765---
Rw98765----
Rw9www5---
Rw9www?--
RD8765----
Rwww765--
-----6-----
-----6-----
-----6-----
-----6-----
-----6-----

Macoma arctata
Florimerts nagnoliana
C umin gia subtellinoide s
Cooperella parilis
Cyrtoplewa arcwila
Margaritaria abrupta
Pandora crassidens
Cyathodonta dalli
Verticordia rogersi
My til us e dul i s al aeformis
Argopecten comparilis
Mysella bladenensis
Sportella constricta
Astarte symtnctrica
Mesodesrna spatla
Tellina dupliniana
Abra stbreflexa
M er c e naria cunpe c hie ns is
perm4gna
Gastroclnena ligula
Thracia transversa
Anadara lienosa
Litluphagayorkensis
Diplodanta acclinis
Diplodonta punctulata
Clana enunonsi
Erycinellaovalis
Crassinella johnsoni
Gouldia tnetastriata
Rupellaria pectctrosa
Corbula retusa
Cochlodesma antiqw
Bornia triangula
Aligena striata
Pteromeris abbreviata
Iaev ic ar diwn subline atum
Chione cribraria
Tr anse ne lla car olinens is
Gernttarurgut
Glycymeris americana
Crenella acquilatera
Pteria colytnbw
P arviluc ina multiline ata
Ensitellops protexta
Paramya subovata
P leur omeri s tridc nt at a
Cras sinella dupliniana
Mactrafragilis
Tellina aequistriata
Semclina nuculoides
Chione grus
P e t r i c o I a p ho I adiformi s
Mya arenaria
Splvnia &tbia
Pandora arenosa
Pecten hemicyclicus
Mysella stantoni
Astarte vicina
Ensis huglrcsi
Donax chuclatuckensis

------?----
------?----
------?----
------?----
------5----
------5----
-----5----
------?----
-----?5---
-----65---?
-----65----
-----65----
-----65----
----765----
----765----
----765-..
----765---
--765---?
----765---
----765----
----765---
--7w5--
--7w5--
----765---
----765----
----765---

--7w5--
--7w5--
----765----
----765----
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-----6-----
-----6-----

---76-----
----76-----

--8w6---
--8w6--:
--8w6-----
--98w6-----
--98w6-----
--9ww6----
-0www6---
Rw98w6*--
----?=-----
RwwwT------
---8-------
---8.-.---'
---8'--'--'
---$--:----
---$:------

---8-------
---8-------
---8-------
---8-------

---8-------

R098------
R098-----
R098-------
R098-----
ROw8-----
--9--------
--9--------
--9--------
--9--------

--9--------
--9-.------
--9-----:--
--9--------
--9--------
--9.'------
-09--------
-09--------
-09--------
Rw9--------
Rw9------
Rw9----
Rw9----*-
Rw9--------
Rwg--'-----
Rw9--------
Rw9-.:**-
Rw9----:
-0-----,---
-Q-----:---
-0-------
R0-----.---

---------?-
---------2-
-----.---2-
---------2-
---------2-
-----.---2-
------.--2-
--,------2-

---------2-
---------2-

---------2-
---------2-
---------2-
---------2M
---------2-
---------2-
---------2-
---------2-
---------2-
---------2-
**-SwwwM
----5ww2-
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M acro c alli s ta albraria
Pholas trutnrningeri
Anadara callicestosa
Bornia lioica
Crenella precwsor
Erycina carolinensis
Varicorbula c Inw ane ns is
Rangia clathrodonta
Corbicula densata
Pandoratwmeyi
Mulinia congesta
Tagelus plebeius
Anadara starninea
Limapellucida
Nuculana hypsoma
Anadara sp., aff. Compyla
Noetia carolinensts
Brachidontes sp,
C aro linape c ten e boreus
chesapeal<ensis
Chlarnys sp., cf. C. sentis
Chlamys sp.
Aligena chowanensis
P uv iluc ina w ac c atncwe ns is
delandensis
P arviluc ina tr i sul c ata
albermarlensis
Diplodonta sp., cf. D. caloosaensis
Astarte yadkinensk
Spisula subparilis
Tellina propetenera
Tellina suberis
Donax entrnonsi
Gari dalli
Pandorasp.
Verticordiasp.
P le womerls aurar acns is
Pteromeris perplana
Astarte berryi
E ucr as s at e ll a kauffnoani
Macrocallista greeni
Anadara acquicostata
Noetia lirnula
Gerunntrigona
Parastarte triquetra
Ischadhnn recwvum
Crenella sp cf C decussata
Anomia aculeata
Crassostreavirginica
Arcinella cornutt
P le womcris de c emc o st at a
Eucrassatella spe cio sa
Tr ac hy c ar diwn is o c ar d i a
Dinocardilun robwturn
Spisula similis
Mulinia laterulis
Tellina texana
Donaxfossor
Abra aeqwlis
Mer c enaria campe c hie ns is

Mercenaria mercenaria
Chione cancellata
Transenella stimpsoni
Corbula contracta
Pandora trilineata
Nucula pilkcyi
Gly cymeris duplinensis slo ani
Pododesmus fragosus
P arv iluc ina ( Radiolac ina)
waccamawensis
Diplodonta heronensis
Mysella beaufortensis
S port e I la w a c c amaw e n s ls
Anisodonta carolina
Tlvacia brioni
Verticordia lockei
Glycynuris aratw
Argopecten vicenarius
Ostrea lawrencei
Musculus lateralis
Callucina kcenae
Spisula solidissima
Raeta plicatella
Tellina agilis
Macoma brevifrons
Setrcle bellastriata
Cumingia tellinoides
Gastrochaena hians
C arolinape c ten eboreus s olario ides
Panopeafloridana
Panopean.sp.
G astr o c lwena c uneifurmis

GASTROPODS, SCAPHOPODS, AND CHITONS

Diodora catilliformis
Diofurareditnicula
Solariella olssoni
$ olar iella s lac Heforde ns is
Calliostoma sarae
C allio stonu mitc lrclli j o hns oni
C al lio s to rna s la c Hefo r de ns is
Callbstomavirginicum
harrisianum
C allio s tonu vir ginic wn harr i s ii
Callio stoma vir ginicwn
jeffersoniwn
Twritella bipertita
Turritella terstiata
Epitoniutn slvldoni
U ro salpila rappalwnno c kcns is
Ly ro s om,a sul c o s a mul ti c o s t qt a
N as s ar ius s lac Hefor dens is
Fwinus propeparilk
Cochlespirasp.
O fu stomia (O do st omia) alp ha
Cylicbw johnsoni
B ore otrop lwn te tri cuE laevis
S cap lw lla solitaria r ic e i



-.--5ww2M
---654w2?
----65ww2-
---7654w2M
---7654w2M
--765wwwM
--7654w2-
--7654w2M
-.?7654w2-
---7654w2M

.--*7654w2?
---765wwwM
-.--?654wwM

-*7654w2M
--7654w2M
-*7654w2-
----765432?
----7654w2-
----7654wwM
---765ww2-
--765ww2-
-98765ww2-
--9w?65ww2-

-9w765ww2?
-0987654ww?
-0w8765ww2-
Rwww765ww2M
R0987654w2M
Rwgwww5ww2=
R0987654w2M
R0987654w2M
R0987654wwM
R098765---?
R0987654wwM
Rwww765ww2M
------4---
-------?---
-----654---
----7654---

--7654--
----7654---

---7654---
--7654---
-*7654---
----7654---

-*7654---
---7654---
----7654---

-*7654---
---87654---
---87654---
---87654---
ROw87654--
------?----
------5-,--
------5----
----.-5----
------?----

------5----

Acteocina tnynnecoon
Crucibulwn grandis
Aurinia sintrcsa
D e nt aliu,tn atte rutatum
Caduhu tlnllus
Teinostoma nana
Pseudotorinia nupera
Serpulorbis granifera
Ciinorbis tjro 

-

C r e pidula acuk ata po nder o s a
Lunatia interna
Sinum chesapea;kcnsis
Pterarytis umbrifer
Boreotroplnn tetricus
Mitrella conanunis
Ptyclosalpinx altile
Ecplnra quadricostata
Busycon incile
Aurinia mutabilis
Granulina virginiana
Conus narylandicus
Cy clo s tr etnisc us oblique s tr iatus
Epitonium duplinianum
Melanella laevigata
Lunatia sayana
Prwtumbellum
C hae tople ur a api c ulata
Seila adamsi
Epitoniurnfractum
Crepidala fornicata
C r e pidula ac ul e ata ac ale ata
Crepidula plana
Polinices duplicatus
Tectonatica pusilla
Dentimargo eburneola
Chicoreus floridanus
Sedilia rushmerensis
C allio storru mit c ltelli philanthropus
Calliostoma labrosurn
C allbs tona v ir ginicwn vir ginicum
Turrite lla al t ico s t ata
P etalo c o nc hus scul ptwatus
Epitoniummicrostomum
Lunatia petspectiviq
Scalaspira strutnosa
P ty c ln s alpinx laquc ata
Busyconmaximutn
Fusinas ertHs exilis
H e sp eristernia fiIic ata
Crucibulum learunn
Urosalpinx trossula
Nassarius quadrulatus
Caecwn cooperi
Diodora carolinensis
Solariella ricei
C qllia storrw mit c lrclli co nradianum
C allio s t otru no ttow ay e nse
C allio s tona v ir gini cum
carolinensis
C all io s tomav ir gini cum gize hi
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C allio s tonu v ir ginicum
hertfordense
Tegula exoluta
Slcenea yorhownensis
Leptogyra davidi
Pelycidion matthewi
Arene twnuyi
Didianemasp;
S olar iorbis v ar iabilis
Caecumvirginianum
Cerithiopsis sp.
Opalia textuvestitum
Epitoniutn bolteni
Epitonium alununsis
Atlanta cordifdrmis
Polinices sp.
Bulbus clwsapealznsis
Ficus lulrnesi
Trophonopsis petiti
Anachis stlliola
Anachis virgilina
I itiit',ita' c le sap eaknsis

P ty c lws alpinx c hesapeakens is
P ty c ln s al pinx mult ir ugat a
Cancellaria rotunda
C anc e llar ia pla gio stoma
Agatrixwilliamsi
Bullata anttqilq
B ullata (M bro s pir a) ov ifu rmis
Terebra blakei
Terebra emmonsii emmonsii
Terebra enutnnsii grayi
Te r ebra enrno ns ti hampto nens is
C r as s isp tr a py r e no ide s
Splendrillia arata
Cyrwtosybxricei
CowpsodriLliasp.
C omp s o dr il I i a e b u.r ne a
Mangelia emissaria
Oenopotapumilus
O do stomia ( O do s tomia) beta
O dostomia ( O do stomia) gamma
Odostomia ( O dosnrnia) epsilon
O da stomia ( O do stomia) rnu
O dostornia (C hry sallida) theta

O do s tomia (C ltry s allida) ze ta
O do stomia ( Mene stlCI ) iota
O fu stomia ( Ev al e a) I ambda
Odostomia (Evalea) nu
Odostomia (Evalea) xi
O dostomia (C he sopealcella) si grna
Odostomia lirnnia
Odosnmianitens
Odostomia protexta
Odostomia twbinatus
Twbonilla (C lemnitzia) beta
Tw bonilla ( S tr iotw bonilla) de h a
Tw bo nilla ( P yr Si s c us ) kappa
Tur bonilla ( Pyr gi s c us ) e t a
Tw bo nilla ( Pyr gi s c us ) dae dal eum
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------5----
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Rwww765--
Rw98765----
Rwww765---
Rwwww65---
Rwww765---
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Tur bonilla ( B art s c lrc lla) io ta
Cylichnellasp.
Philine williamsi
Retusa chesapealensis
Atys ornata
Limac ina che s ape ake ns is
Cy clo str emis c us p s eudaeorbis
BusyconmaximwnfiIoswn
Ilyanassa granifera
I lyanas sa har puloide s lnrpuloides
I lyanas sa harpuloide s johnsoni
Dentaliwn carolinense
Diodora oblonga
Callbstonu bellutn
Calliostoma lapidosum
C allio stoma mitc helli mitc helli
C allio st orru mitc helli basicurn
Gibbula rustica
S leenea smit hfie ldc ns is
Alvania lipeus
Vitrinella lipara
Circulus costulatas
Parviturboides sp.
Teinostoma lenticlare
Teinostoma subconica
Macromphalina aperta
Cochliolepis concala
C o c hliole pis v ir ginica
Turritellaflwbnalis
Turritella virginica
Bittiurn cwturn
C erit hbp si s smit hfi eld,ens is
Tr ip lo r a s ubtno nilife r a
Epitonium aciculurn
Epitoniwn cornigerum
Epitonfuun edge combense
Ep itonium mi c ro ple ur um
E p it o ni wn s mi t hft e I de ns is
S tr omb ifor mi s c o nc hi t a
S tr ornb ifo r mi s mi g r ans
Mucronaliasp.
C r e p idul a cy mb aefo rmi s
Sconsia sp., cf S. lwdgei
U r o salpinx barbito ide s
Ptyclnsalpinx tuomeyi
Cantlarus ruu
Busycon canaliferum
Lyrasoma sulcosa
Fascblaria rlomboidea
Terebraspira acuta
Fusinus exilis burnsi
Oliva canaliculata
O liv ella anc illar iaeformis
Olivella carolinae
Vexillum elaboratwn
Cancellaria depressa
Tr igora s tonu per spe c tiv a
Prwturn virginianwn
Persicula ovula
Volvarina tersa

Terebra indenta
Terebrasp.
Pyr go spira ti catenaria
M itr o lurnna smit hfi e I de n s i s
Drillia (Clatlvodrillia) impre ssa
Irnaclava lalei
C r as s i sp ir a(C r as s i s p ir e I I a)
virginiana
Bellaspira virginiana
Cryoturris rnagnoliana
Kur t z ie I I a smit hfte I de ns is
P y go cy thara (V itri q t lwr a)
micromeris
Longclaeus simplex
O do st omia (C hry s al I i da) gr anul at a
O do stomia (C hry sallida\ omicr o n
O do stomia ( Mene stho ) miliarn
O do s t omi a (Ev al e a) di ap lnna
O do s tomia ( Evale a) ov ula
O do s t o mi a (Ev al ina) s c ul p t ar at a
Tur bo nil la (S trio t trb o nill a) e mr at a
Tw b o nil I a (S tri o t urb o nill a) s ub ul a
Tur b o nil I a (S ti o t wb o nill a)
ebumea
Turbonilla (Pyr gis cus) di gamma
Cy cl o s tr e me I la rna g no I i ana
Acteon novellus
Retusa microtrema
Volvulella cylindra
Skenea lnnisi
Caecum stevensoni
Mitrella edcnensis
Tortifusus ctrvirostra
I lyanas sa harpulo ide s s calas pir a
Triplnra bartschi
Melanella angulata
Urosalpinx lepidota
Urosalpim gardnerae
Anachis parvula
I uliamitr e lla g ar dnerae
Ilyanassa porcina
Aurinia obtusa
Prunumlimatulum
Conus adversarius
C erodrillia simp s oni c i n gulata
Cymatosyrinx lmata
Caecwnflemingi
Ischnochiton sp.
Teinostoma goniogyrus
Teinostoma umbilicata
Caecurn johnsoni
Ar c hite cto nica no bilis
Cerithiopsis bicolor
E pito niurn novan geliae
Melanella arcwfia
Iselica globosa
Calyptraea centralis
Cruc ibulu,n scutellatwt
Lamellaria perspicw
Erato maugeriae
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----7------
----7------
----7------
----7------
----7------
----7------
----7------
----?------
----7------
----7------
----7------
----7------
----7------
----7------
----7------
----7------
----?------
----?------
----7------
----?------
----7------
----7------
----7------
----7------
----7------

Sinum perspectivium
Nassarina glypta
Aesopus stearnsi
Busycon contrariutn
Trip\ofnsus gigantea
Olivella mutica
D entimar go aur eocinc ta
Gibberula lavalleeana
Terebra concava
Longchaeus satwalis
Acteocina candei
Creseis acicula
Hyalocylis stiata
Cavolinia uncinata
Cavolinia ventricosa
Arene sp.
Cingulasp.
Teinostoma virginica
M acromplwl ina c huc lcatuc lre ns is
Epitonium druidi
Cypraea carolinensis
Mur exie lla s hilo he ns is
I lyanas sa pro c ina s c hyz o py ga
Mangelia andrewi
Glyphostoma zoster
Drillia (Drillia') c huc latuclecnsis
Buccinurn sp.
Ilyanassa sexdentata
Viviparus sp
Teinostoma bushi
Crepidula adunca
Crepidula convexa
Cingula geraea
Rissoina sp., cf R. striatocostata
Aorotrema cistronium
Cy clostremiscus sc hmidti
C ac c um c huc lcatuc kc ns is
Caecum tortile
E pito nium c huc latu c ke nsis
Melanella nisoformis
Crepidula aculeata co stata
Natica plicatella
C or all io p hila le one ns is
J uli amilr e I I a s mi t hfte I de n s is
Tr it o no lwr p a flo r i de ns is
Nassuius consenoides
Olivellasp.
C ancellaria (Massyla) r apella
Trigonostoma tenerum carolinensis
Tr i go no s toma smit hfi e ldens is
Tri gonostoma (Etoractrix) hoerlei
Terebra unilineata
C arino dr illia smit hfi el de nsis
Sedilia bella
Sedilia belloides
Cryoturris maesi
P y g o cy t har a (V itr i cy t lnr a) me tr i a
O do stomia (C hry sall ida) e ta
O do st omia (Ealirrcs t omi a) r ho
Triptychus biseriatus
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T urb o nill a (C lrcmnit zia) al p ha
Vexillwnreticulatum
Teinostoma alexanderi
Acteocina lepta
S o lariorbis yadkine ns is
M e lanella c he sape alcc ns is
C rucibulum k anurn variety
Mitrella lnrbisonae
I aliamitrella v ir ginic a
Ilyanassa isograrwna
D e ntimar go c he s ape al<e ns is
Granulasp.
Terebrasp.
M itr olumna y adkine ns is
C omp s odrillia c lnwane ns is
O do stomia (C hry s allida) ar c her i
T w bonilla (Pyr gis cus) z e t a
Ringicula guppyi
Lioplaxsp.
Cy cl o s tr emi s ctts tutd.ul a
Didianerru carclinae
Twritell a b eaufor te ns is
Crucibulum lawrencei
M i tr e ll a w ac c atnaw e ns i s
B usy con c ar ic a anro e num
Granulina rrcnsfteldi
Ilyanassa irrorata
Cadulus tetraschistus
Diodora cayenensis
Arenc fticatenaria
Cochliolepis striata
Caecum irnbricatwn
Caecwn pulclrcllwn
Caecwn regulare
Meioceras cingulatum
Epitonium hwnprheysi
C r uc ib ul urn mult il ine a t wn
Anachis avara
Arcchis lafrevnyi
Milrella lunata
B usy c o n c anal i c ul at arn
Prunumroscidum
Glyphoturris eftima
O do s t omi a (C lvy s al I i da) s eminuda
Turbonillanivea
T w b o nil I a (S tr io t ur b o ni I I a)
interrupta
Acte o c ina c analic ulata
Diodora atroraensis
Diodora nucula
Diodora pamlicoensis
C allio stoma mit chelli p o nt o ni
Arene pergemma
Littorina irrorat a car ol ine ns is
Didianena &tplinensis
T e i no s t ona b e aufor t e n s is
Teinostoma tectispira
Macromphalina lanseni
Macromp halina pe irro ti
Caecum beaufortensis

Rww8-------
--9--------
--9--------
--9--------
--9--------
--?--------
--9--------
--9--------
--9--------
--9--------
--9--------
--9--------
--9--------
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--9--------
--9--------
--9--------
--9--------
--9--------
--9--------
--9--------
--9--------

-9-=---
--9--------
--9--------
--9--------

-9--*..
--9--------
--p-*-;*
-9--------
-:9---*-.
--9--------
--9------
--9--------
--9--------

--9--------

Rw9--------
R09----.*-
Rw9--------
Rw9--*--
Rw9--------
Rw9-----
R09-..*-
R09-----
Rw9-----
Rw9--------
Rw9------
Rw9----*
Rw9--------
-0---------
-0---------
-0---------
-0---------
-0---------
-0---------
R0---------
R0---------
R0---------
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Bittiwn podagrinwn
Epianium carolinac
Epitoniwnleai
Melarclla juncea
S tr omb ifu rmi s be aufo r t e ns is

S tr o ntb iformi s b ic o ni c a
Triviafloridana
Murexiella rrccgintyi
Pterorytis conradi
Mitrella gardnerac
Aesopus ithitoma
N as sarius c alo o s aensis
N as sarius cor.ncllianus
Fasciolaria apicina
Tr ipl oftu us c r o nly e ns is
Frcinus caloosaensis
Oliva carolinensis
Terebra petiti
Sedilia sedilia
B rac hy cyt lnr a r e ide nbac hi
O do s t o mi a (C lvy sal I ida)

auroraensis
O do sto mi a (C hry s all itla')
beaufortensis
Twritella perexilis
Vermicularia spirata
E pito nium fo I iace ic o s t um
Epitoniumrtryicolum
Urosalpiw perrugata
Eupleura caudata
Anachis obesa
Busycon carica
B usy co n spir atwn pyrul oide s
Vexillumwandoensis
Volvarina avena
Turbonilla abrupta
Ringicula semistriata
Diodora carditella
Calliostottu erosrnn
Mw erteUa trcc ginryi faceta
I lyanas sa por cirw deleone ns is
Prunwn contractum
Crassispira perrugata
Nassarius albus
Nassuiusvibex
O do stomia (M enestlw) impre ssa
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APPENDIXY
REPOSTTORIES, CATALOG NUMBERS, TypE LOCALITIES, AND FORMATTONS FOR THE ORTGTNAL TyPES

SPECIES

l. Nuculadiaphana
2. N. proxima
3. N. dolabella
4. N. taphria
5. Nuculana acuta
6. N. hypsoma
7. Yoldia laevis

8. Anadara callicestosa
9. A. carolinensis
10. A. propanrla
11. A. irnprocera
12. A. i. buccula
13. A. aequicostata
14. A. lienosa
15. A. staminea
1 6. Striarca centenaria

17. Noetia incile

18. N.limula
18a. N. tigintinaria
19. Glycymeris americana
20. G. pectinata
21. G. subovata

22. Mytilus edulis alaeformis
23. Brachidontes sp.
24. Crenella aequilatera
25. C. cf. C. decussata

26. C. precursor
27. Arcoperna williamsii

28. Musculus ricei

29. M. virginicus
30. Lithophaga pectinicola
31. L. yorkensis
32. Modiolus gigas
33. M. pulchellus
34. Atrina hanisii
35. Pteria colymbus
36. Pecten hemicyclicus
37. P. smithii
38. Amusium mortoni
39. Leptopecten leonensis
40. L. wilsoni

41. Argopecten comparilis
42, Carolinapecten eboreus
42a. C. e. chesapeakensir
43, Chlamys decemnarius
44. C. d. virginianus
44a. C. sp.
44b. C. rogersii
45. Placopecten clintonius

ORIGINAL
TYPE

ANSP 1591
ANSP missing
ANSP 1590
USNM 11495I
ANSP 30613
usNM 115024
BM missing

usNM 146246
WFIS missing
ANSP 30637
ANSP 1631

ANSP 30615

ANSP lost
ANSP lost
ANSP lost
BM L-13206

BM L-13205

ANSP 18841
ANSP 13409

BM L-13209

BML-43246
usNM 265740
AI.ISP 1593

usNM 325498
usNM 265742

usNM 265743

ANSP lost
PRI 1372
PRI 3491,3
WFIS 5354
PRI 3506,8
USNM 145988

Charleston Mus.
PRr 3502,3
unknown
usNM 371256
usNM 265753

USNM 11447
ANSP lost
USNM 255808
ANSP lost
ANSP 1620

usNM 265757
ANSP 12581

BM L-13203

ORIGINAL
FORMATION

Yorktown
Recent
Yorktown
Duplin
York&own
Duplin
Yorktown

Yorktown
Duplin
Yorktown
Waccamaw
Duplin
Chowan River ?

Duplin
Duplin
Yorktown?

Yorktown?

Chowan River ?

Duplin
Recent ?
Recent
Yorktown

Chowan River
Yorktown
Recent
Yorktown
Yorktown

Yorktown

Yorktown
Yorktown
Yorktown
unknown
Yorktown z. I
Choptank
Recent
Goose Creek Lms.
Yorktown
"Goose Creek beds"
Jackson Bluff
Yo'rktown

"Goose Creek beds"
Yo'rkown
Chowan River
Yorktown
Yorktown
Chowan River
Yorktown
Yorktown, z.l

TYPts
LOCALITY

Petersburg, VA 1

Sou*reastern USA
Petersburg, VA I
Nanral Well, NC
Virginia
Natural Well, NC
"MD",uknownVA
locality
GaskinsWharf, VA
Duplin Co., NC
Ware River, VA
V/ilrnington, NC
Natural Well, NC
Neuse River, NC
Santee River, SC
Santee River, SC
'MD",rm}nownVA
locality
"MD",rmknownVA
locality
NC
SC
Southeastern USA
Southeastern USA
"MD",unknownVA
locality
British Crag
Chesapeake, VA 1

Petersburg, VA 1

North Atlantic
Suffolk
Rice's Pit, Hamp-
ton,VA
Rice's Pit, Hamp-
ton, VA
Yorkown,VA
Yorkown,VA
Yorkown,VA
rmknown
Kings Mill, VA
Jones Wharf, MD
Western Atlantic
Charleston, SC
Kings Mill, VA
Charleston, SC
l,eon Co., FL
Wilson'sPit,Hamp-
ton, VA
Charleston, SC
Suffolk, VA
Chesapeake, VA
James River, VA
Hopewell, VA
Chesapeake, VA 1

James River, VA
"MD",ru*nownVA
locality
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46. Chesapecten jeffersonius

47. C. madisonius

48. C. septenarius

50. L. peedeensis
5 1. Plicatula marginata

52. Anomia simplex
53. Pododesmus sp.

54. Placuanomia plicata
55. Lirna carolinensis
56. L. pellucida
57. Limanrla virginiana

58. Ostrea compressirostra

59. O. sculpnrata
60. Crassostrea virginica
61. ?Pycnodonte sp.

62. Parvilucina crenulata
63. P. multilineata

64. P. postalveata
65. P. trisulcata multistriata
66. Ctena speciosa
67. Lucina cribraria

58. Lucinoma contracta

69. Pseudomiltha anodonta

70. Divalinga quadrisulcata
71. Diplodonta acclinis
72. D. conradi
73. D. nucleiformis
74a.D. prmchrlata
75. D. subvexa
76. Chama congregata
77. C. corticosa
78. C. emmonsi
79. Erycina carolinensis
80. Bornia lioica

81. B. rota
82. B. triangula
E3. Aligena striata
84. Solecardia cossmani
85. Montacuta chesapeakensis
85. M. petropolitana
87. M. sagrinata
88. Orobitella laevis
89. Mysella bladenensis
90. M. spatula
91. M. stantoni
92. futtrinella filicaticola
93. Sportella chesapeakensis
94a. S. constricta
95. S. pelex
!b. S. petropolitana
97. S. yorkensis

VIRGINIA DIVISION OF MINERAL RESOURCES

BML-132r2

ANSP 31787

BM L-I3197

AMNH 10822
BML-I3199

usNM265764

AMNH 10836
usNM 107801
MCZ 155585
usNM265768

BM L-13204

ANSP 30611

usNM258373

ANSP 2718
AMNH lost

usNM 325539
ANSP 30632
MCZmissing
BM unnumbered

BM L-13196

BM L-I3198

AI.{SP lost
AI.ISP 16014
WFI
ANSP 1587
USNM,t05226
ANSP 30561
AI.ISP lost
Emmons coll.
usNM 115096
usNM 115263

usNM 115091
A}.ISP 1597
ANSP 3305
usNM 155776
usNM265786
usNM 155770
usNM t55772
AI.ISP 1582
usNM 3255s0
usNM 265788
usNM 115102
PRI 3515
USNM 265790
AI.ISP lost
usNM 155726
usNM 155725
usNM 14323

Yorkown,2.1

Yorktown

Yorkown

Goose Creek Lms.
Yorktown

Recent
Yorkown

"Goose Creek beds"
Duplin
Recent
Yorkown

Yorkown

Yorktown
Recent
Yorkown 2.1

Yorktown
Waccamaw

Yorktown
Waccamaw
Yorkown
Yorktown ?

Yorkown ?

Yorktown ?

Recent
Yorktown
Yorkown
Yorkown
Yorkown
Yorktown
Yorktown
Yorktovm
Duplin ?

Duplin
Caloosahatchie

Duplin
Yorkown
Yorktown
Yorkown
Yorkown
Yorktown
Yorktown
Yorktown
Yorkown
Yorkown
Duplin
Yorktown
Yorkown
Duplin
Yorktown
Yorkown
Yorkown

"MD".unknownVA
locality
"MD",tnlmownVA
locality
"MD",rmknownVA
locality
Pee Dee River, SC
"MD",rmknownVA
locality
Cuba
Rice's Pit, Harnp-
ton.VA
Charleson, SC
Darlington, SC
Jamaica
Rice's Pit, Harnp-
ton,VA
"MD",rmknownVA
locdity
Smithfield, VA
VA
Claremont Wharf.
VA
Suffoft, VA
Waccamaw River,
sc
Yorktown, VA
Wilmington, NC
James River, VA
"MD".rmknownVA
locality
"MD",rnknownVA
locality
"MD",unknownVA
locality
Cuba
Yorktown, VA
Yorktown, VA
MeherinRiver,NC
Petersbug, VA I
Rushmere, VA
James River, VA
Smithfield, VA I
NC
NanralWell,NC
Caloosaharchie
River, FL
Natural Well, NC
Petersburg, VA I
Petersbug, VA 1

Petersburg, VA I
Clresapeake, VA 2
Petersbwg, VA I
York River. VA
Petersburg, VA I
Walkers BluffNC
Chesapeake, VA 2
Natural Well, NC
Smithfield, VA I
Chesapeake, VA 2
Natural Well, NC
Petersburg, VA I
Petersburg, VA I
York River, VA



98. Ensitellops compressa
99. E. protexta
lfi). Anisodonta americana

101. Paramya subovata
102. Carditamera arata
103. Pleuromeris decemcostata
104. P. tridentata
l(Xa. P. auroraensis
105. Reromeris abb'reviata
1 06. Cyclocardia granulata

107. Erycinella ovalis
108. Astarte arata

109. A. berryi
110. A. coheni
111. A. exaltata
112. A. lineolata
l13. A. roanokensis
114. A. symmetrica
115. A. undulata

l16. A. vicina

117. A. yadkinensis
1 18. Eucrassatella virginica
119. E. virginica cyclo'ptera
119a. E. kauffmani
120. Crassinella hmulata
121. C. johnsoni
122.C. duplinensis
123. Papyridea turtoni
t24. I.aev icardium sublineatum
125. Clinocardium acutilaqueatum
126. C. taenopleura
ln.C. virginianum

127a. Dinocardium robustum
128. Mactra fragilis
129. Spisula confraga

130. S. delumbis
130a. S. duplinensis
131. S. harrisi
132. S. modicella
l32a.M. clathrodon

133. Mulinia congesta
134. M. lateralis
135. Rangia clathrodonta
136. Raeta alta
137. Mesodesrna spatha
138. Ewilia lata
139. Ensis directus
1 39a. "8. magnodentata-'
140. E. ensiformis
l4l. E. hughesi
142.E. schmidti
143. Tellina aequistriata

l44.T.egena

145. T. declivis

PUBLICATION

AI.ISP 1596
ANSP 18847
usNM 145814

Al.fSPmissing
ANSP20022
ANSPmissing
ANSPmissing
usNM203942
ANSPlost
BM urmumbered

AI.ISP 30621
ANSPmissing

usNM 325533
ATISP 30610
ANSP 30628
Al.[sP 1586
usNM 325523
ANSP missing
BM missing

BM missing

usNM403295
BM
AMNHlost
usNM 203950
ANSPlost
usNM 203955
usNM 114922
usNM 157547
ANSP 30605
ANSPlost
usNM 146223
lvFls 4624

unknown
ANSPlost
ANSP 30560

ANSP 30532
USNM 153784
PRI 3487
AI{SP4311
ANSP 3309

ANSP 30559
ANSP52663
ANSP 16242
ANSP lost
usNM 325591,
usNM 115054
ANSPlost
AI.ISP3304
ANSP 16306
usNM403322
PRI34%-6
BM missing

ANSP 16016

ANSP4306

163

Petersburg, Va I
Wilmington, NC
Caloosahatchie
River. FL
VA
Newbern,NC
TampaBay,FL
sc
Aurora, NC
Wilrnington, NC
"MD",unknownVA
locality
Yorktown, VA
City Point,
Hopewell, VA
Chocowinity, NC
Lancaster Co., VA
Calvert Cliffs, MD
Petersburg, VA I
Halifax, NC
Yorktown, VA
"MD",rmknownVA
locality
"MD",tmknownVA
locdity
Chesapeake, VA I
'Virginia"
Sumter, SC
Aurora, NC
Suffolk, VA
Aurora, NC
NanralWell,NC
Caloosahatchie
Wilmington, NC
VA
Suffolk, VA
James River near
Smithfield, VA
Southeastern USA
Westorn Atlantic
"MD",wknownVA
locality
Yorktown. VA
Natural Well, NC
Pee Dee River, SC
Yorktown,VA
"MD",ucrknovrrnVA
locality
Southeastern USA
Yorkown, VA
Yorktown, VA
NC
Suffolk, VA
Natural Well, NC
Newbem,NC
Petersburg, VA I
St.MarysRiver,MD
Kissiminee, FL
Nansemond River
"MD",unknownVA
locdity
James Rivernear
Smithfield, VA 2
Yorkown.VA

r27

Yorkown
Waccamaw
Caloosaharchie

Yorktown
Yorktown?
Recent
Recent
"James City"
Waccamaw
Yorktown?

Yorkown
Yorktown

Chowan River
Yorktown
Calvert
Yorktown
Chowan River
Yorktown
Yorkown?

Yorkown?

Chowan River
Yorktown
Duplin ?

"James City"
Yorkown
"James City"
Duplin
Caloosahatchie
Waccamaw
Yorktown
Yorktown
Yorktown

Recent
Recent
Yorktown

Yorktown
Duplin
Duplin
Yorktown
Yorkown

Recent
Yorktown
Yorktown
Yorkown ?

Yorktown
Duplin
Yorktown ?

Yorkown
St. Marys
Pinecrest beds
Yorkown
Yorktown

Yorklown

Yorktown
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146. T. dupliniana
146a. T. suberis

147. Macomacookei
148. M. virginiana
149. M. arctata
150. Florimetis magnoliana
15 1. Donax chuckatuckensis
l5la. D. cuneola

152. D. emmonsi
153. Gari dalli
154. Semele subovata
Iocality
155. S. subovata carinata
155a. S. alumensis

156. S. nucrrloides
157. Cumingia subtellinoides
158. Ab'ra aequalis
159. A. subreflexa
160. Tagelus plebeius
I 61. Coralliophaga microreticulata
162. Glossus fraternus

163. Corbicula densata
I 64. Mercenaria campechiensis
164a. M. campechiensis permagna
165. M. corrugata
166. M. mercenaria
167. M. inflata

167a. M. nucea
168. M. tridacnoides
169.M. sp.USNM40339
170. Chione cortinaria
171. C. cribraria
172. C.latilirata
173. C. grus

I 74. Transenella carolinensis
175. Gouldia metastriata
176. Pitar sayana

I76a. "Cytherea elevata"
177. Macrocallista albraria
178. M. a. reposta
178a. M. greeni
179. Dosinia acetabula
180. Gemma magna
I 8 1. Petricola pholadiformis
1 82. Rupellaria pectarosa
183. Pleiorytis centenaria
I 84. Cooperella parilis
185. Mya arenaria

187. Sphenia dubia
187a. '.Mya reflexa"
I 88. Varicorbula chowanensis
189. Corbula cuneata

190. C. retusa

VIRGINIA DIVISION OF MINERAL RESOIJRCES

USNM 11590
usNM 157872

usNM 325592
AI.ISP lost
ANSPlost
AMNHmissing
usNM 325589
usNM 325588

usNM 115034
PRI 199
BM L-r3208

AI.{SP lost
usNM 114851

ANSPmissing
ANSPmissing
ANSPmissing
AI.ISP4305

usNM 3255ffi
BML.BAM

ANSP 30636

AI.ISP missing
Paris

AI.ISP 20117

usNM 163418
Lister's figure Yorktown ?

Yorktown z. I
MCZ lost
ANSP 30635
ANSP 20139
AMNH lost

usNM 115165
AI.ISP 30608
BM L-l3210

ANSP 1581
AI.ISPmissing
ANSP 30585
usNM203985
AI.ISP unumbered uncertain
usNM 715774

AI.ISP 16341
ANSP4304
unknown
Linnean
Society
AI.ISP 1580
ANSP 1588
usNM241806
BM lost

USNM 325ff/.

Duplin
Caloosahatchie

Yorktown
Yorktown
Yorktown ?

Duplin
Yorktown
Waccamaw

Yy'accamaw ?

ChowanRiver
Yorktown ?

St. Marys
Jackson Bluff

Waccamaw
Yorktown
Recent
Yorktown
Recent
Yorkown
Yorktown ?

Yorkown
Recent
Ymktown ?
Yorktown
Recent
Choptank

Yorktown z. I
VA?
Williamsburg, VA
Yorktown z. 1

Waccamaw
Calvert
wrcertain

Duplin
Yorktown
Yorktown ?

Yorktown
Duplin
Yorktown
"James City"
.MD &VA"
Duplin
Recent
Yorktown
Yorktown ?

Yorkown ?

Recent
Yorktown
Yorktown
Chowan River
Yorkown ?

ChowanRiver

Magnolia,NC
Caloosahatchie
River, FL
Yorkown,VA
Yorkown, VA
NC
Pee Dee River, SC
Chuckatuck, VA I
Neill's Eddy Land:
ing,NC
CqeFeaRiver,NC
Chocowinity,NC
"MD",unknownVA

St.MarysRiver,MD
JacksonBluff,West
FL
Wilmington,NC
Petersburg, VA I
Southeastern USA
Suffolk, VA
Western Atlantic
Suffolk, VA
"MD",unknownVA
locality
Petersburg, VA 1

Southeastern USA
Newbern, NC
VA?
Western Atlantic
Choptank River,
MD
Bellefield, VA

Williamsburg, VA
Wilmington, NC
Calvert Cliffs, MD
SimmonsBluff, SC
(Pleistocene)
Natural Well, NC
James River, VA
"MD",rmlsrownVA
locality
Petersburg, VA 1

Santee River, SC
Suffolk, VA
Aurora, NC

NanralWell.NC
Sou0reastern USA
Suffolk
James River, VA
NC

North Atlantic
Petersburg, VA I
Petersburg, VA
ChowanRiver,NC

"MD",tmlnownVA
locality

Ede,nhouse Point,
ChowanRiver,NC



l9l. C. inaequalis

192. Gastrochaena ligula
193. Hiatella arctica
l94. Panopea goldfussi
195. P. reflexa

196. Cyrtopleura arcuata
197. Pholas memmingerii
198. Ziphraea rhomboidea
199. Martesia cf. M. ovalis
200. Teredina fistula
201. Margaritaria abrupta
202. Lyonsia sp.
203. Pandora arenosa
20/..P. crassidens

205. P. crassidens majonina
206. P. undulata
207. P. sp.
208. P. tuomeyi

209. Thracia magna

210. T. transversa
210a. T. maddelysensis

21l. Cyathodontadalli
212. Periploma cf. P. peralta
21 3. Cochlodesma antiqua
2 14. Verticordia rogersii
215. V. sp.
216. Dentalium attenuatum

217. D. carolinense
218. Cadulus thallus
219. Ischnochiton sp.
220. Chaetopleura" apiculata
221. Diodora catilliformis

222.D. oblonga
223.D. redimicula

224. Solariella olssoni
2X. S. ricei

226. S. shacklefordensis
227. Calliostoma bellum
228. C. sarae
229.C.labrosum
230, C.lapidosum "C. conus"
230a. C. lapidosum "C. comadi"
231. C. mitchelli mitchelli
232. C, mitchelli basicum
233. C. mitchelli conradianum
2Y. C. mitchelli johnsoni
235. C. mirchelli philanthropus
236.C. nottowayense

237 . C. shacklefordensis
238, C. virginicum virginicum
2388. C. virginicum carolinensis
239. C. virginicum gizehi

PTJBLICATION

BM lost

Al.lSPmissing

WFIS missing
BM L-13200a

AI.ISP missing
AMNH IIOO5
ANSP 1583
ANSPlost
Al.lSP lost
ANSP20386
usNM403376
ANSP 30584
ANSPlost

usNM 325501
USNM,m3380
usNM403381
usNM 325502

usNM 403383

ANSPls85
usNM 325508

usNM 352442
ANSP 13989
ANSP 19648
USNM 325506
usNM 403388
BM unnumbered

ANSP unnumbered
ANSP unnumbered
usNM403392
ANSPlost
MCZ lost

AI.ISP 1562
BM missing

usNM403396
usNM403397

PRI 3513
ANSP 30587
usNM403398

.ANSPmissing
ANSP 1544
usNM 325468
ANSP 1619
usNM 113036
ANSP 31,!03
usNM40339
ANSP 30588
usNM 325466

PRIlost
usNM 113036
usNM 325472
usNM 325467
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"MD",unknownVA
locality
Petersburg, VA 1'

North Atlantic
MeherrinRiver,NC
{MD",unlotownVA

locality
Suffolk, VA
Sumter, SC
Petersburg, VA I
Calvert Co., MD
Petersburg, VA I
Yorkown,VA
Chesapeake, VA 2
Yorktown, VA
James Rivernear
Smithfield, VA
Hatifax, NC
Williamsburg,VA I

Chesapeake,VA I
WalkenBluff,Cape
Fear River, NC
Rice's Pit, Hamp-
ton, vA
Petersbrng, VA I
Maddely's Bluff,
MeherinRiver,VA
Benns Church, VA
NJ
Yorktown, VA
Smithfield, VA I
Chesapeake, VA 1

..MD',,uknovmVA

locality
NC
Suffolk, VA
Chuckatuck, VA 2
Southeastern USA
Shell Bank, kince
George Co., VA
Petersburg, VA I
"MD",rmknovmVA
locality
mliamsburg,VAl
Rice's Pit,Hampton
VA
Shackleford, VA
Williamsburg,VAl
Suffolk, VA
Suffolk, VA
Petersburg, VA I
Yorktown, VA
James River, VA
Petersburg, VA 1

Petersburg ?, VA I
Williamsburg,VA 1

James River, VA
Sycamore,
NofiowayRiver,VA
Shackleford, VA
Yorkown, VA
Martin Co., NC
Yorkown, VA
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Yorktown ?

Yorkown
Recent
Yorktown
Yorkown

Yorkown
Duplin
Yorkown
Calvert
Yorkrown
Yorkown
Yorktown
Yorktown
Yorktown

Yorkown
Yorktown z, I
Chowan River
Waccamaw

Yorkown

Yorktown
Yorktown

Yorktown
Calvert
Yorkown
Yorkown
Chowan River
Yorktown ?

unknown
Yorktown
Yorktown
Recent
Yorktown ?

Yorkown
Yorktown

Yorktown z. 1

Yorktown

Yorktown ?

Yorktown z. I
Yorkown
Yorkown
Yorktown
Yorktown
Yorktown
Yorkown
Yorktown
Yorktown z. 1

Yorkown
Yorktown

Yorktown ?

Yorktown
Yorktown
Yorkown
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240. C. virginicun harrisianum
241 . C. virginicum harrisii
241C. C. virginicum hertfordense
242. C, virginicum jeffersonium
243. Tegula exoluta
244. Gibbula rustica
245. Skeneaharrisi
246. S. smithfieldensis

247. S. yorktownensis
247 a. l-eptogyra davidi
247b. Pelycidion matthewi
248. fuene sp.
248a. A. tuomeyi
249. Littorina irrorata
250. Alvania lipeus

251. Cingula geraea
252.C.sp.
253. Rissoina sp. cf. R. sriatocostata
254. Vitrinella lipara
255. Aorotrema cistronium
256. Circulus costulatus
257. Cyclostremiscus obliquestriatus
258. C. pseudaeorbis

259.C. schmidti
zffi.C. undula
261. Parvimrboides sp.
262. Didianema carolinae

263. D. sp.
264. Solariorbis variabilis
265. S. yadkinensis
266. Teinostoma alexanderi
267. T. bushi
268. T. goniogynrs

269.T. beaufortensis
n0.T.lenticlare
27l.T.nma

n2.T. subconica
273.T. umbilicata
n4.T. virginica
275. Macromphalina aperta
n6.M. chuckatuckensis
277. Cochliolepis concava
278. C. striata
n9.C. virginica
280. Caecum chuckatrckensis
281.C. pulchellum
282.C. cooperi
283. C. stevensoni
284. C. to*ile
285. C. flemingi

286.C.johnsoni
287.C. virginianum
288. Turritella alticostata
289.T. beaufortensis
2m. T. virginica
291.T. fluxionalis

VIRGINIA DIVISION OF MINERAL RESOI]RCES

PRI 204
USNM 113052
usNM 325469
USNM.m3400
AI.ISP 30634
AI.ISP missing
PRI 1377
PRI lost

usNM403404
usNM403405
usNM403406
USNM,f03407
usNM403408

usNM 113569

usNM rr3572
USNM,+03411
usNM403412
ANSP 1542
MCZ
AI.ISP 1549
ANSP 1541
usNM 112653

PRI,1494
usNM tl4/t16
usNM403418
usNM 325476

USNM,103420
PRI 3512
usNM40322
PBI 959
PRI 1374
ANSP

USNM 2M027
A}.ISP 1567
ANSP 1569

ANSP 1568
ANSP 1565
USNM,+03427
A}.ISP 1540
usNM40329
ANSP 1538

usNM 15@70
USNM.+03431

AMNH lost
USNM 112332
usNM 325448

AMNHlost
ANSP 30592
USNM2MO38
USNM,103442
MCZlost

Yorktown z. 1

Yorktown z. I
Yorkown
Yorktown z. L

Waccamaw
Yorkown
Duplin
Yorkown

Yorktown
Yorktown
Yorktown
Yorktown
Yorkown
Recent
Caloosahatchie

Duplin
Yorkown
Yorktown
Yorkown
Recent
Yo,rktown
Yorktown
Yorktown

Duptin
Duplin
Yorkown
Waccamaw

Yorktown
Yorktown
ChowanRiver
Duplin
Duplin
Recent

"James City"
Yorktown
Yorktown

Yorktown
Yorktown
Yorkown
Yorktown
Yorkown
Yorktown
Rece,nt
Yorktown
Yqktown
Recent
Recent
Yorktown
Waccamaw
Waccamaw

Recent
Yorkown
Yorkown
"James City"
Yorkown
Ycktown

Bellefield, VA
Bellefield. VA
Murfreesboro, NC
Williamsburg,VAl
Wilmington,NC
Petersburg, VA 1

NanralWell
James Rivernear
Smithfield,VA 1

Chesapeake, VA 2
Chesapeake, VA 2
Chesapeake, VA 2
Chesapeake, VA 2
Chesapeake, VA 2
Western Atlantic
Caloosahatchie
River, FL
C4eFearRiver,NC
Chuckatuck, VA 2
Chuckatrrck, VA 2
Petersburg, VA 1

off North Carolina
Petersburg, VA I
Petersburg, VA I
Temple Place near
Yorktown, VA
Natural Well, NC
Natural Well, NC
Chesapeake, Va 2
WaftenBluff,Crye
Fear River, NC
Wi[iamsburg,VA3
Yorktown, VA
Chesapeake, VA I

Natural Well, NC
Natural Well, NC
off Destin,FL,in 18
to 20 fathoms
Aurora, NC
Petersburg, VA I
"MD",uknownVA
locality
Petersburg, VA I
Petersburg, VA I
Williamsburg,VA3
Petersburg, VA I
Chuckatuck, VA 2
Petersburg, VA 1

Florida
Petersburg, VA 1

Chuckatuck, VA 2
West€rn Atlantic
Western Adantic
Yorkown,VA
Tilly's Lake, SC
Neill's Bldy Land-
ing,NC
Western Atlantic
Yorkown,VA
James River, VA
Aur<ra,NC
Smithfreld, VA 3

Williamsburg, VA



292.T. bipertita
293.T. terstriata
295. Architectonica nobilis
296. Pseudotorinia nupera
297. Petaloconchus sculpturatus
298. Serpulorbis granifera

29. Bittium currum
300. Ceri*riopsis smitffi eldensis
301. C. bicolor
302. C. sp.
303. Seila adamsii
304. Triphora bartschi
305. T. submonilifera
306. Opalia textuvestitum

307. Epitonium bokeni
"E. arctata"

308. E. cornigerum
309. E. edgecombense
310. E. fracrum
311. E. sheldoni
312.E. smithfieldensis
313. E. druidi
314. E. spp.
315. E. aciculum
316. E. microstomum
317 . E. chuckatuckensis
318. E. duplinianum
319. E. micropleurum
324.8. novangeliae
320a.E. alumensis
321. Melanella arcuata
322.M. chesapeakensis
323.M. angulata
324.M.laevigata
325. M. nisoformis
326. Strombiformis conchita
327. S. migrans
328. Niso aegeles
329. Mucronalia sp.
330. Atlanta cordiformis

331. Carinorbis lyra
332. Iselica globosa
333. Calyptraea centralis
334. Crucibulum scutellatum
335. C. grandis

336.C. multilineatum
337.C.leanum
338. C. leanum vmiety
339. Crepidula adrmca
340. C. convexa
341. C. cymbaeformis
342. C. fornicata
343. C. aculeata aculeata
A3a.C. a. ponderosa
343b. C. a. costata

3tI4.C.plul.a
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ANSP lost
MCZlost

ANSP 15384
AI.ISP 1575
BMGGI2662

ANSP 1531
PRI 1361
MCZ
USNM,+03452
MCZ156200
PRI 1375
ANSP43l3
PRI 28846

usNM 325438
ANSP 17138
ANSP 1535
usNM 325543r
usNM 108015
PRI 1363-4
usNM 352440
usNM403461
usNM403462
ANSP 1536
ANSP 1537
usNM403464
PRI 1360
ANSP 1534

usNM rr27rr
MCZ lost
usNM403470
ANSPmissing
ANSP 1526
ANSP 19091
ANSP 19088
ANSP 15583

usNM403476
ANSP2896

Al.{sP 30731
ANSP 1518
ANSP lost

BMQ-12190

ANSP 15359
USNM403486
usNM403487

ANSP missing
ANSP missing

ANSP 15298
ANSP 15294.

ANSP l%95

Yorktown
Yorktown
Recent
Yorktown
Yorkown
Yorktown

Yorkown
Yorktown
Recent
Yorktown
Recent
Duplin
Yorkown
Gurabo

Yorkown
Yorktown ?

Yorktown
Yorktown
Recent
Yorktown
Yorktown
Yorktown
Chowan River
Yorktown
Yorktown
Yorktown
Duplin
Yorktown
Recent
Jackson Bluff
Recent
ChowanRiver
Yorkown
Yorktown
Caloosahatchie
Caloosahatchie
Yorktown
Recent
Yorktown

Yorktown
Yorktown
Duplin
Recent
YorkEown

Duplin
Yorktown
Chowan River
Recent
Recent
Yorktown
Recent
Recent
Yorktown
Yorktown

Recent

t67

Petersbrug, VA I
V/illiamsburg, VA
Western Atlantic
Suffolk, VA
Petersburg, VA I
"MD",unlcnownVA
locality
Petersburg, VA I
Smithfield, VA 3

Chesapeake, VA 2
New Bedford, MA
NaturalWell
Petersburg, VA I
Santo Domingo,
Dominican Repub-
lic
Greenville, NC
rmspecified
Petersburg, VA I
Tar River. NC
off Femadina, FL
Kings Mill, VA
Smithfield, VA 1

Smithfreld, VA 3
Chesapeake, Va 1

Petersburg, VA 1

Petersburg, VA 1

Chuckatuck, VA 2
Natural Well, NC
Petersburg, VA 1

Western Atlantic
Jackson Bluff, FL
Jamaica
Chesapeake, VA I

Petersburg, VA 1

Petersburg, VA 1

St. Petersbwg, FL
St. Petersburg, FL
Suffolk, VA
Southeastern USA
Chesapeake, VA 2
Santo Domingo,
Dominican Repub-
lic
James River, VA
Petersburg, VA
Nanral Well, NC
Eastern Pacific
"MD",rmknownVA
locality
Duplin Co., NC
Chesapeake, VA 2
Chesapeake, VA I

Eastern Pacific
Western Atlantic
Petersburg, VA I
Westem Atlantic
uncertain
Petersburg, VA I
"MD",uknownVA
locality
Westem Atlantic
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345. Lamellaria perspicua
346. Erato maugeriae
347. Cypraea carolinensis
348. Polinices duplicanrs
38a. P. sp.
349. Lunatia interna

350. L. perspectivia
351. L. sayana
352. Bulbtts chesapeakensis
353. Sinum chesapeakensis
354. S. perspectivium
355. Natica plicatella
356. Tectonatica pusilla
357. Sconsia sp. cf. S. hodgeii
358. Ficus holmesii
359. Chicorew floridanus
360. Murexiella shilohensis
361. Scalaspira strumosa

352. Urosalpinx barbitoides
363. U. cannabinus
363a. "U. suffoftensis"
363b. *U. lepidota"
364. U. gardnerae

365. U. tnossula
366. U. rappahannockersis
367. fterorytis umb'rifer
368. Trophonopsis petitii
369. Boreotrophon tetricus
369a. B. t. laevis
370. Coralliophila leonensis
371. Anachis panrula
372. A. styliola
373. A.virgilina
374. Parvianachis ohsa
375. Mitrella comminis
376. M. lunata
376a.M. harbisonae
377.M. edenensis
378. M. waccamawensis
379. Nassarina glypta
380. Aesopus stearnsii
38 l. Juliamimella chesapeakensis
382. J. gardnerae

383. J. smithfieldensis
384. J. virginica
385. Buccinum sp.
386. Tortifirsus curvirostra
387. Ptychosalpinx altile

388. P. chesapeakensis
389. P. laqueata
390. P. multirugata
391. P. tuorneyi
392. Tritonoharpa fl oridensis
393. Cantharus nux
394. Ecphora quadricostata

395. Busycon maximum
396-8. m. filosum
3n.8. canaliferum

VIRGINIA DIVISION OF MINERAL RESOURCES

BM 19741011
ANSP 18858
ANSPlost
usNM403500
BM unnumbered

MCZlost
usNM,+03503
usNM403504
USNM,103505
ANSPIost
AIISP 15107
AI.ISP missing
AI.ISP 18860
AMNHmissing
usNM 64823
AI.ISP,m81
AI.ISP 13818

usNM 325429
ANSPmissing
usNM 325425
usNM 112186
usNM 325424

ANSP 14858
usNM 325397
AllsP 13787
usNM403520
ANSP 13616
usNM 353131
usNM496425
ANSP 1i77
usNM rr3259
usNM 325412
MCZ 156016
ANSP 30735
ANSP missing
AI.ISP 18530
ANSP 16761
usNM 325417

ANSP 17019
usNM403534
usNM 3254rr

usNM 352438
USNM2+03536
usNM403537
ANSPmissing
ANSP 14349

USNM2103541
ANSP 14199
ANSP 1516
AI.ISP missing
PRlmissing
USNM TT3224
BMGG 12661

ANSP 17191
AIISP 14310
AMNH IIO8l

Recent
Recent
Duplin
Recent
Yorkown
Yorktown

Yorkown
Yorktown
Yorktown
Yorkown
Recent
Duplin
Recent
Duplin
Duplin
Pinecrest beds
CalvErt
Yorktown

Yorktown
Yorktown
Yorkown
Caloosahatchie
Waccamaw

Yorktown
Eastover
Yorktown
Yorktown
Yorktown
St. Marys
Jackson Bluff
Yorktown
Duplin
Yorktown
Recent
Yorkown
Recent
Caloosahatchie
Yorktown ?

Waccamaw
Recent
Recent
Yorkown
Chowan River

Yorktown
Chowan River
Yorktown
Chowan River
Yorktown

Yorktown
Yorktown
Duplin
Yorktown
Pinecrest beds
Duplin
Yorktown ?

Yorkown
Yorktown
Waccamaw

North Atlantic
Eastem Atlantic
DuplinCo.,NC
Western Atlantic
Rice's Pit,Hampton
"MD",mknownVA
locdity
Williamsburg, VA
Chesapeake, VA 2
Chesapeake, VA 2
Chesapeake, VA 2
Southeastern USA
DuplinCo.,NC
Southeastern USA
Natural Well. NC
Sumter, SC
Brighton, FL
CumberlandCo.,NJ
James Rivernear
Smithfield, VA I
Yorktown, VA
Petersburg, VA I
Suffolk, VA
FortThompson, FL
Neill's &ldy Land-
ing, NC
James River, VA
BowlersWharf,VA
James River, VA
Williamsburg,VA2
James River, VA
St.MarysCo.,MD
Jackson Bluff, FL
Petersburg, VA 1

CapeFearRiver,NC
Greenville, NC
Jamaica
Jimes River, VA
Southeastem USA
St. Petersburg, FL
Edenton,NC
CpeFeaRiver,NC
Western Atlantic
TampaBay, FL
Chesapeake, VA 2
Colerain Landing,

NC
Smihfield, VA I
Chesapeake, VA 1

Chrckanrck, VA I
NC
James Rivernear
smithfield, vA
Chesapeake, VA 2
James River, VA
DuplinCo.,NC
Petersburg, VA 1

Prairie Creek FL
Crye FeuRiver,NC
"MD",rmlnownVA
locality
Yorktown, VA
Yorktown,VA
Waccamaw River,



398. B. incile
398b.'B. alveatum"

399. B. contrarium
400. Lyrasoma sulcosa
.!01. L. s. multicostata
402. Nassarius consenoides
.103. N. quadrulatus
.104. N. shacklefordensis
405. Ilyanassa granifera
406. I. harpuloides harpuloides
407. I. h. johnsoni
408. I. h. scalaspira
409. I. porcina

410. I. sexdentata
410b."I. isogramma"
41 1. Fasciolaria rhomboidea
412. Triplofusus gigantea
413. Tereb'raspira acuta
414. Fusinus exilis exilis
415. F. e. burnsii
416. F. propeparilis
4 I 7. Hesperisternia fi licata
418. Oliva canaliculata

41 9. Olivella ancillariaeformis
420.O. carolinae
421.O. mutica
422.O.sp.
423. Vexillum elaboratum
424.Y. reticulatun
425. Scaphella solitaria ricei

427. Auriniamutabilis
428. A. obtusa
429. A. sinuosa
430. Cancellaria depressa
431. C. plagiostoma
432.C. rotunda
433. C. (Massyla) rapella
434. Agatrix williamsii

435. Trigonostoma perspectiva
436. T. tenerum carolinensis

437.T. smithfieldensis
438. T. (Extractrix) hoerlei
439. Bullata antiqua
440. B. (Microspira) oviformis
441. Dentirnargo aureocincta
442.D. chosapeakensis
442a.D. schmidti
443.D. eburneola
411. Prunumbellum
445.P.limatulum
44,6.P. roscidum
447.P. virginianum
,148. Gbberula lavalleeana
:149. Granula sp.
450. Persicula ovula
451. Volvarina tersa
452. Granulina mansfi eldi
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Al.rsP 1637
ANSP 2697

ANSP 14295
ANSP rnissing
PRI 3515
PRI 207
ANSP 1558
PRI 201
AlrsP 14258
AI.ISPnissing
usNM 12496r
ANSPmissing
BMQ-12191

AI.ISPmissing
usNM 87751
MCZmissing

PRI missing
ANSP 13843
USNM 97843
usNM 370828
ANSP missing
ANSP 31412?

AI.ISP 1573
usNM 325378
AI.{SP missing
usNM 40357s
ANSP 1564
PRI missing
usNM 403578

ANSP 30700
PRI missing
ANSP 1,1405

AMNH ILTIgIT
ANSP 1609
USNM missing
WFIS 11597

usNM 22080

ANSP3314
PRI missing

usNM563%9
usNM 645162
ANSP2518
ANSP 1617

usNM403590
PRI 2IO
ANSP2516
ANSP2513
ANSP2512

AltsP2514
BM
usNM403596
ANSP2511
usNM 370050
usNM403600

sc
Yorktown,VA
"MD",rurknownVA
locality
DuplinCo.,NC
St. Marys Co., MD
Kings Mill, VA
NanralWell,NC
Petersburg, VA I
Shacklefo'rd, VA
VA
Petersburg, VA I
CryeFearRiver,NC
VA
"MD",unknownVA
locality
none given
V/ilmington, NC
Williamsburg, VA
Southeastern USA
CapeFearRiver,NC
James River, VA
Petersburg, VA 1

Bellefield, VA
James River, VA
Petersburg, VA 1,

not St. Marys, MD
Petersburg, VA 1

Lumberton,NC
Southeastern USA
Chuckatuck, VA 2
Petersburg, VA 1

NC
Rice's Pit, Hamp-
3on, VA
St.Marys,MD
Bladen Co., NC
unknown
Horrey Co., SC
James River, VA
Magnolia,NC
Duplin Co., NC
Rice's Pit, Hamp-
ton,VA
James River, VA
Cape Fear, Bladen
Co.,NC
Smithfield, VA I
Kissimmee, FL
Petersburg, VA I
VA
Southeastern USA
Chesapeake, VA I
Natural Well, NC
Suffolk, VA
VA
Suffolk, VA
Southeastern USA
James River, VA
Cuba
Chesapeake, VA I

James River, VA
WashingtonCo.,FL
Chesapeake, VA I
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Yorktown
Yorktown

Duplin
St. Marys
Yorktown z. I
Duplin
Yorktown
Yorktown ?

Yorktown
Yorktown
Duplin
Yorktown
Yorktown

uncertain
Waccamaw
Yorktown
Recent
Duplin
Yorktown
Yorktown
Yorktown z. I
Yorktown
Yorktown

Yorktown
Duplin
Recent
Yorktown
Yorktown
uncertain
Yorktown

St. Marys
uncertain
Yorktown
Waccamaw
Yorktown
Duplin
Duplin
Yorktown

Yorkown
Duplin

Yorktown
Pinecrest beds
Yorktown
Yorktown
Recent
Chowan River
Duplin
Yorktown
Yorkown
Yorktown
Recent
Yorktown
Recent
Chowan River
Yorktown
Jackson Bluff
Chowan River
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453. G. hadria
454. Conus adversarius
455. C. marylandicus

456. Terebra blakei
45'1.T. concava
458. T. emmonsii emmonsii
459. T. e. grayi
460. T. e. hamptonensis

461. T. hdenta
462. T. sp.
463. T. sp.
464. Cochlespira sp.

465. $rgospira tricatenaria
465a. "Surcula nodulifera"
465. Mitrolumna smithfieldensis
461.M. yadkinensis
468. Drillia (Drillia) chuckanrckensis
469. D. (Clatlrodrilta) impressa
470. Imaclava haleii
471. Cerodrillia simpsoni cingulata
472. Crassispira pyrenoides
47 3. C. (Crassispirella) virginiana
475. Sedilia bella
476. S. belloides

477. S. rushmerensis
478. Carinodrillia smithfieldensis
479. Splendrillia arata
480. Cymatosyrinx lmata
481. C. ricei

482. Bellaspira virginiana
483. Compsodrillia sp.
484.C. eburnea
485. Mangelia andrewi
486. Cryoturris maesi
487. C. magnoliana
488. Kurtziella smithfieldensis
489. Glyphosoma zoster
490. $rgocythara (Vitricythara) micromeris
490a. P. (V.) metria
491. Oenopotapumilus

492. Longchaeus sunralis
493.L. simplex
494. Odosomia (Odosomia) alpha
495.O. (O.) beta

496. O. (O.) gamma
497.O. (O.) epsilon
498. O. (O.) mu
499. O. (Chrysallida) granulata
500. O. (C.) archeri
501. O. (C.) eta
502. O. (C.) theta
503. O. (C.) zeta
503a. O. (C.) omicron
5(X. O. (Menesttro) iota
505. O. (M.)milium
506. O. @valea) diaphana

MCZ
ANSP30699
uknown

usNM496423
AI.ISP missing
PRI misshg
usNM 325369
USNM,103607

AI.ISP missing
USNM,!03609
usNM403610
usNM403611

ANSP 16(X
AllsP 30738
PRI,m21
usNM403614
usNM.403615
ANSP 1606
USNM403617
USNM 1I4O4O
ANSP 30589
ANSP 30589
ANSP 1607
PRI 1362

usNM 352436
PRI2294L
ANSP 1605
ANSPmissing
USNM2+03625

ANSP 30737
ANSP 1611
ANSP 1608
USNM,+03627
usNM403628
PRI 208
PRI 209
usNM497852
usNM 163993
usNM 163985
ANSP 13827a

ANSP 1555
ANSP 1519
USNM,+03637
usNM403638

usNM403639
usNM403640
USNM403641
ANSP 1533
usNM 31319
usNM403645
USNM,103646
usNM403647
usNM403648
USNM,t03649
ANSP 1522
AI{SP 1523

Recent
Duplin
Yorkown

Jackson Bluff
Recent
Duplin
Yorktown
Yorktown

Duplin
Ycktown
Chowan River
Yorkown

Yorktown
uncertain
Yorkown
Chowan River
Yorktown
Yorktown
Yorkown
Duplin
Yorktown
Yorktown
Yorkown
Yorkown

Yorktown
Yorktown
Yorkown
Yorktown
Yorktown

Yorktown
Yorktown
Yorktown
Yorktown
Yorkown
Duplin
Yorktown
Duplin
Caloosahatchie
Caloosahatchie
Yorktown

Yorktown
Yorktown
Yorktown z. I
Yorkown

Yorktown
Yorktown
Yorktown
Yorktown
Caloosahatchie
Yorkown
Yorktown
Yorktown
Yorkown
Yorktown
Yorkown
Yorktown

DuplinCo.,NC
"MD",wrlorownVA
locality
Jackson Bluff, FL
Soutlreastern USA
NC
Yorkown,VA
Rice's Pit, Hamp-
ton, VA
Natural Well, NC
Chesapeake, VA 2
Chesapeake, VA 1

Chippoaks Planta-
tion, VA
James River, VA
.VA''
Smithfield, VA 1

Chesapeake, VA I
Chuckatuck, VA 2
James River, VA
Chuckatuck, VA 2
Natural Well, NC
Jarnes River, VA
Smi0rfield, VA I
VA
Jarnes River near
Smithfield, Va 3
Rushmere, VA
Smithfield, VA 3
VA
Petersburg, VA 1

Rice's Pit, Harnp-
3on,VA
Yorktown, VA
VA
VA
Williamsburg,VA3
Chuckatuck, VA 2
Natural Well, NC
Smittrfield, VA 3
NanralWell,NC
Shell Creek, FL
Shell Creek, FL
"MD",unknownVA
locality
Petersbrug, VA I
Petersburg, VA I
Williamsburg,VA 1

Rice's Pit, Harnp-
ton, VA
Chesapeake, VA 2
Chesapeake, VA 2
Chesapeake, VA 2
Petersbwg, VA I
St. Petersbrug, FL
Williamsburg,VA3
Chesapeake, VA 2
Chuckanrck, VA 2
Chuckatuck, VA 2
Williamsburg,VA3
Petersburg, VA I
Petersburg, VA I



507. O. (8.) ovula
508. O. (E.) lambda
509. O. (E.) nu
510. O. (8.) xi
511. O. (E.) sculpnaata
512. O. (Eulimastomia) rho
513. O. (Chesapeakella) sigma
514. O.limnia
515. O. nitens
516. O. protexta
517. O. turbinatus
518. Triptychus biseriatus
519. Twbonilla (Chemnitzia) alpha
520.T. (C.) beta
521. T. (Strionrbonilla) exarata
522.T. (S.) subula
523.T. (S.) delta
524.T. (S.) eburnea
525, T. (P'yrgiscus) kappa
526.T. (P.) digamma
527.T. (P.) zeta
528.T. (P.) eta
529.7. (P.) daedaleum
530. T. @artschella) iota
532. Cyclostremella magnoliana
533. Acteon novellus
534. A. vaughani
535. Ringicula guppyi
536. R. sp.

537. Acteocina candei

538. A. myrmecodr
539. A. cylindrica
540. Cylichnajohnsoni
541. Cylichnella sp.
542. Philine williamsi
543. Haminoea sp.
544. Renrsa miqrotrema
545. R. chesapeakensis
546. Volvulella cylindra
547 . Limacna chesapeakensis
548. Creseis acicula
549. Hyalocylis striata
550. Cavolinia rmcinata
551. C. ventricosa
552. Viviparus sp."Tirbo glaber"
553. Viviparus sp.
554. Viviparus sp.
555. Lioplax sp.
556. Incerta sedis
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ANSP 1524
usNM403654
usNM403655
usNM403656
ANSPmissing
usNM403659
usNM403660
Al.lSP missing
ANSPmissing
ANSP 1563I?
ANSPmissing
A}.ISP 3212
USNM,t03662 Yorktown
usNM403653
ANSP 1528
ANSP 1529
USNM403666
ANSPmissing
USNMz$3668
usNM403669
usNM403670
usNM403671
ANSP missing
usNM403672
PRI 2352
ANSP 1600
USNM 36988I
usNM97466
USNM.+03676

BM 1854.10.4.17

usNM 113875
PRI missing
usNM403680
usNM403681
usNM 403682
Williams collection
usNM 113887
usNM403684
ANSP 1554
USNM403686

Yorktown
Yorktown
Yorktown
Yorktown
Yorktown
Yorktown
Yorktown
Yorktown
Yorkown
Yorktown
Yorktown
Moin
Smithfreld, VA 3
Yorktown
Yorktown
Yorktown
Yorktown
Yorktown
Yqrktown
Yorktown
Chowan River
Yorktown
Yorktown
Yorktown
Duplin
Yorktown
Jackson Bluff
Caloosahatchie
Yo'rkown

Recent

Duplin
Duplin ?

Yorktown z. 1

Yorktown
Yorktown
Yorktown
Duplin
Yorktown
Yorktown
Yorkown
Recent
Recent
Recent
Bowden
Yorktown
Chowan River
Yorktown
Chowan River
Yorktown

t7l

Petersburg, VA 1

Chesapeake, VA 2
Chesapeake, VA 2
Chesapeake, VA 2
Petersburg, VA I
Smithfreld, VA 3
Chesapeake, VA 2
Yorktown, VA
Petersburg, VA I
Yorktown, VA
Petersburg, VA 1

Costa Rica

Chesapeake, VA 2
Petersburg, VA I
Petersburg, VA 1

Chesapeake, VA 2
Petersburg, VA I
Chesapeake, VA 2
Smithfield, VA 3

Chesapeake, VA I
Williamsburg,VA2
Petersburg, VA I
Chesapeake, VA 2
Natural Well, NC
Suffolk, VA
Jackson Bluff, FL
Fort Thompson, FL
Rice's Pit, Hamp-
ton,VA
"Antilles",probably
Cuba
Natural Well, NC
NC
Williamsburg,VA I
Chesapeake, VA 2
Chesapeake, VA 2
Rice'sPit,Hampton
Narural Well, NC
Chesapeake, VA 2
Petersburg, VA I
Chesapeake, VA 2

Jamaica
Petersburg, VA I
Chesapeake, VA I
Williamsburg,VA3
Chesapeake, VA I
Chesapeake, VA 2

usNM 115625
USNM II3554
usNM403692
W & M collections
usNM4036%
usNM403695
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PLATES
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MUSETJM ABBREVIATIONS AND LOCALITY CODES FOR PLATES l THROUGH 43

MUSEI"]M ABBREYIATIONS

AMNH-American Museum of Natural History;
ANSP-Academy of Natural Sciences, Philadelphia;
BM-British Museum;
MCZ-Museum of Comparative Zoology;
WFI-Wagner Free Institute, Philadelphia;
USNM-United States National Museum.

LOCALITY CODES

r73

Chesapeake, VA 1. Deep Creek Indusries Pit, 2 miles west of Deep Creek, Chesapeake, Virginia, at the end of
Cooke's Mill Road. Level I is the upper, iron-stained shelly sands of the Chowan River
Formation (Upper Pliocene) found along the East and South walls.

Chesapeake,VA 2. Samelocality,middlehorizon,ablue-grayshellysandofmiddleZone2,YorktownFormation,
found throughout the pit.

Chesapeake, VA 3. Same locality, basal, silty beds with many paired scallops.

Chuckatuck, VA 1. Crane Lake (formerly Lone Star Cement Company pit), about one mile north of Chuckatuck,
City of Suffolk, Virginia; cross-bedded, coarse shell sands. Upper 7nne2, Yorktown

Formation.

Chuckatuck, VA 2. Same locality, uppermost beds on West wall, with common Pan opea and diverse fauna. Upper
Zone 2, Yorktown Formation.

Petersburg, VA 1. Literature citations without precise locality.

Petersburg, VA 2. Lieutenent Run.

Smithfield, VA 1. Literature citations witlout precise locality;

Smithfield, VA 2. Rock Wharf, approximately 2 miles northwest of Smithfield on the James River. This site was
collected by Conrad in the last century, and by Olsson (1914,1916), Mansfield (1929),
Gardner (1944,1948), and many others. The present ownership does not permit collecting.
Level2 refers to the Mogarts Beach Clay beds in the base of the river bluffs.

Smithfield, VA 3. Rock Wharf, shelly sands overlying the clay beds.

Williamsburg, VA 1. Tutter's Neck Pond spillway, approximately 2 miles east of town.

Williamsburg, VA 2. Charna beds next to maintenance shed, Golden Horseshoe Golf Course.

Williamsburg, VA 3. Stream bank to right of bridge between the football stadium and Yates }Iall dormatory, the
College of William and Mary.



174 VIRGINIA DIVISION OF MINERAL RESOURCES

PLATE 1

l. Nucula diaphana (holotype figured ANSP 1591), Petersburg l, figure from Gardner, 1944, (X l7).

2. Nucula proxima (figured hypotype, USNM 265719), Chuckatuck 2, SEM (X 4).

3. Nucala dolabella (figured hypotype, USNM 265720),Chuckanrck 2, SEM (X 10).

4. Nucula taphria (figured hypotype, USNM 265721), Chesapeake 2, SEM (X 9.5).

5. Nuculana acuta (figured hypotype, USNM 265722), Chuckatuck 2, SEM (X 4.5).

6. Nuculana hypsoma (figured hypotype, USNM 265723),Chesapeake l, SEM (X 10).

7. Yoldia laevis (figured hypotype, USNM 265724\,Rice's Pit, Hampton, VA (X 0.9).

8. Anadara callicestosa (figured hypotype, USNM 265725),Chuckatuck, 1, (X 0.9).

9. Anadara carolinensis (figured hypotype, USNM 265726\,Carter's Grove, VA, (X 0.5).

10. Anadara propatula (figttred hypotype, USNM 265727),Rice's Pir, Hampron, VA, (X 0.5).
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PLATE 2

11. Anadara improcera (figured hypotype, USNM 265728), Chuckatuck, VA 1, (X 1.2).

12. Anadara improcerabuccula (figured hypotype, USNM 265729), Zook's Pit, Yorktown, VA, (X 1.7).

13. Anadara aequicostata (figured hypotype, USNM 255730), Chesapeake, VA 1, (X 0.5).

14. Anadara lienosa (figured hypotype, USNM 265731),Rice's Pit, Hampton, VA, (X 0.5).

15. Anadara staminea (figured hypotype, USNM 265732),Rice's Pit, Hampton, VA, (X 0.8).

16. Striarca centenaria (figured hypotype, USNM 265733), Williamsburg,YA2, (X 0.6).

17. Noetia incile (figareA hypotype, USNM 265734), Petersburg, VA 2, (X 0.9).

18. Noetia limula (figured hypotype, USNM 265735),Chesapeake, VA 1, (X 0.6).

18a. Noetia trigintinaria not figured.

19. Glycymeris americana (figured hypotype, USNM 265736),Chesapeake, VA 2, (X 0.5).

20. Glycymeris pectinata (figured hypotype, USNM 265737),Yorktown, VA, (X 2.0).
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PLATE 3

21. Glycymeris subovata (figured hypotypes, USNM 265738),Chesapeake, VA 2, (X 0.5).

22. Mytilus edulis alaefonnis (figured hypotype, USNM 265739), Chesapeake, VA 2, (X 1.0).

23. Brachidontes sp. (figured hypotype, USNM 265740),Chesapeake, VA 1, SEM (X 20).

24. Crenella aequilatera (syntype figured, ANSP 1593), Petersburg, VA 1, SEM (X 23).

24a. crenella aequilatera (figured hyporype, usNM 265809), chesapeake, vA 2, sEM (x23).

25. Crenella sp. cf. C. decussata (figured hypotype, USNM 265742). Chesapeake, VA 1, SEM (X27).

26. Crenella precursor (figured hypocype, USNM 325498), Suffolk, VA, figure from Gardner ,1944, (X 2.5).

27. Arcopernawilliamsi (holotype figured, usNM 265743),Rice's pit, Hampton, vA, (x 1.3).

28. Masculus ricef (holotype figured, usNM 265744),Rice's Pit, Hampton, vA, sEM (x 9.0).

29. Musculus virginicus (figured hypotype, usNM 265745),chesapeake, vA 2, sEM (x l0).

30. Lithophaga pectinicola (holotype figured, PRI 1372), Yorktown, VA, figure from Olsson, 1914, (X2.5).

31. Lithophaga yorknsis (figured hyporype, USNM 265746),Chuckaruck, VA 2, (X 2.0).

32. Modiolus grgas (figured hypotype, USNM 265747),Chuckaruck, VA l, (X 0.5).

33. Modiolns pulchellus (syntypes figured, PRI 3506, 8) Yorktown, Zone 1 Kings Mill, VA, figures from Olsson, 1914, (X
1.5).
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PLATE 4

34. Atrina harrisi (figured hypotype, USNM 265748), Chuckanrck VA 2, (X 0.7).

35. Pteria colymbus (figured hypotype, USNM 265749),Rice's Pit, Hampton, VA, (X 0.8).

36. Pecten hemicyclicus (figured hypotype, USNM 26575}),Chuckatuck, VA 1, (X 0.5).

37. Pecten smithii (figured hypotypes, USNM 265751), Chippokes Plantation, (X 0.3).

38. Amusium mortoni (figured hypotype, USNM 265752),Rice's Pit, Hampton, VA, (X 0.3).

39. Izptopecten leonensis (figuredhypotypes, USNM 265753), Gloucester Co., VA (X 0.8).

40. Leptopectenwilsoni (holotype figured, USNM 265754), Wilson's Pit, Hampton, VA (X f .3).

41. Argopecten comparilis (figured hypotype, USNM 265755),Chesapeake, VA 2, (X 0.5).

42. Carolinapecten eboreus (figured hypotype, USNM 265756),Chesapeake, VA 2, (X 0.3).

42a. Carolinapecten eboreus chesapeakensis (holotype figured, USNM 265808), Chesapeake, VA 1, figured on plate 31,
(x 0.7).

43. Chlanrys decemnarius (figured hypotypes, USNM 325494-5), Sycamore, VA, figure from Gardner,1944, (X 0.9).

44. Chlanrys decemnarius virginianus (holotype figured, ANSP 1620) City Point, VA, figure from Gardner, 1944,
(x 1.0).
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PLATE 5

44a. Chlamys sp. (figured hypotype, USNM 265757),Chesapeake, VA 1 (X 0.6).

44b. Chlamys rogersi (figured hypotype, USNM 495374>, Sycamore Bend, VA, (X 1.2).

45. Placopecten clintonius (figured hypotype, USNM 265758),Chippokes, VA, (X 0.3).

46. Chesapecten jeffersonius (figured hypotype, USNM 265759),Williamsburg, VA 1, CX 0.3).

47. Chesapecten madisonius (figured hypotype, USNM 2657ffi),Chesapeake, VA 2, (X 0.3).

48. Chesapecten septenarius (figured hypotype, USNM 265761), Rice's Pit, Hamplon, VA, (X 0.6).

50. "Nodipecten peedeensis" ('Lectotype" of Tucker, 1938, is figured, USNM 9526), the specimen is of European origin
(x 0.3).

51. Plicatula marginata (figured hypotypes, USNM 265762\,Petersburg, VA 1, (X 0.7).

52. Anornia simplex (figured hypotype, USNM 265763),Rice's Pit, Hampton, VA, (X 1.2).

53. Pododesmus sp. (figured hypotype, USNM 2657&),Rice's Pit, Hampton, VA, (X 1.0).

54. Placunanomia plicata (figured hypotype, USNM 265765),Rice's Pit, Hampton, VA, (X 0.6).

55. Lima carolinezsis (figured hypotype, USNM 265766),Rice's Pit, Hampton, VA, (X 0.9).
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PLATE6

56. Lima pellucida (figured hypotype, USNM 265767\, Chuckatuck, VA 2, (X 1.0).

57. Limatulavirginiana (holotype figured, USNM 265768),Rice's Pit, Hampton, VA, SEM (X l1).

58. Ostrea compressirosrra (figured hypotypes, USNM 265769),Williamsburg, VA 1, (X 0.4).

59. Ostrea sculptarata (figured hyporypes, USNM 265770\,Chesapeake, VA 2, (X 0.4).

60. Crassostreavirginica (figured hypotype, USNM 265771), Chesapeake, VA 1, (X 0.7).

61. ?Pycnodonte sp. (figured hypotype, USNM 258373),Zone I Claremont Wharf, VA, figure from Blackwelder, 1980,
(x 0.6).

62. Parvilucina crenulata (figured hypotype, USNM 265772),Chuckatuck, VA 2, (X 2.8).

63. Parvilucina multilineata (figured hypotype, USNM 265773), Suffolk, VA, (X 6.0).

&. Pamilacinapostalveata (holotype figured, USNM 325539), Yorktown, VA, figure from Gardner,1944, (X 5.0).
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PLATE 7

65. Parvilucinatrisulcata multistriata (figured hypotype, USNM 265774),12 miles below Zuni, VA, (X 5.6).

6. Ctena speciosa (figured hypotype, USNM 265775),Chuckatuck, VA 2, (X 2.0).

67. Lucina cribraria (figured hypotype, USNM 265776),Rice's Pit, Hampton, VA, (X 1.4).

68. Lucinoma contracta (figured hypotype, USNM 265777), Suffolk, VA, (X 0.5).

69. Pseudomiltln anodonta (figured hypotype, USNM 265778),Petersburg, VA 2, (X 0.4).

70. Divalinga quadrisulcata (figured hypotype, USNM 265780),Petersburg, VA 2, (X 2.0).

71. Diplodonta acclinis (figured hypotype, USNM 155582), York[own, VA, (X 0.7).

72. Diplodonta conradi (figured hypotype, USNM 265781),Rice's Pit, Hampton, VA, (X 1.2).

73. Diplodonta nucleifurmis (figured hypotype, USNM 265782), Chesapeake, VA 2, (X 3.7).

74a. Diplodonta punctulata (holotype figured, ANSP 1587), Petersburg, VA l, (X2.2).

74b. Diplodonta punctulata (holotype of Diplodonta berr''i, ANSP 16013), Yorktown, VA, (X 2.6).

75. Diplodonta subvexa (figured hypotype, USNM 265783),Chuckatuck, YA 2, (X 0.7).
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PLATE 8

71. Diplodonta acclinis (figured hypotype, USNM 155582), Yorktown, VA, (X 1.1).

72. Diplodonta conradi (figured hypotype, USNM 265781\,Rice's Pit, Hampton, VA, (X 1.2)'

73. Diplodanta nucleifurmis (figured hypotype, USNM 265782), Chesapeake, VA 2, (X 3.7).

74b. Diplodonta punctulata (holotype of Diplodona berryi, ANSP 16013), Yorktown, VA, (X 2.6).

75. Diplodonta subvexa (figured hypotype, USNM 265783),Chuckatuck, VA 2, (X 0.7).

76. Chama congregata (figured hypotype, USNM 2657%),Williamsburg, VA 3, (X 1.0).

77. Charna corticosa (figured hypotype, USNM 265785),Williamsburg,YA2, (X 0.6).

78. Charw emmonsi(figured hypotype, USNM 265786),Chuckatuck, VA 2, (X 1.5).

79. Erycina carolinensis (figured hypotype, USNM 265787), Chuckatuck, VA l, (X 4.6).

80. Bornia lioica(figwed hypotype, USNM 265788), Chuckatuck, VA 2, SEM (X 6.8).

81. Bornia rota (puatype of Bornia triangula, USNM 325547), Yorktown, VA, figure from Gardner,1944, (X 7.0).

82. Bornia triangula (figured hypotype, USNM 265789), Chuckatuck, VA 2, SEM (X 5.5).
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PLATE 9

83. Aligena striata (figured hypotype, USNM 265790), Chuckatuck, VA 2, SEM CX 4.5).

84. Solecardia cossmani (holotype figured, USNM 155776), Petersburg, VA 1, figure from Dall, 1900, (X 4.6).

85. Montacuta clrcsapeakensis (holotype figured, USNM 265791), Chesapeake, VA 2, SEM (X l7).

86. Montacuta petropolitana (holotype figured, USNM 155770),Petersburg, VA 1, figure from Dall, 1900. (X 7.1).

87. Montacuta sagrinata (holotype figured, USNM 155772), York River, VA, figure from Dall, 1900, (X 3.6).

88. Orobitellalaevrs (holotype figured, ANSP 1582), Petersburg, VA l, figure from Gardner ,1944, (X 3.8).

89. Mysella bladenensis (figured hypotype, USNM 265792), Chuckatuck, VA 2, SEM (X 7.5).

90. Mysella spatula (holotype figured, USNM 265793), Chesapeake, VA 2, SEM (X l2).
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PLATE 10

91. Mysella stantoni (figured hypotype, USNM 265794\,Chesapeake, VA 2, SEM (X S.0).

92. Pythinellafilicaticola (syntypes figured, PRI 3515), Smithfield, VA 3, figures redrawn from Olsson, 1914,by
Jeanne Kowalczyk, (X 10).

93. Sportella chesapeakensis (holotype figured, USNM 265795\,Chesapeake, VA 2, SEM (X I1.5).

94a. Sportellaconsfticta (holotypefigure,ANSPmissing),NaturalWell,NC,figureredrawnfromConrad,l84l,byJeanne
Kowalczyk, (X 2.0).

94b. Sportella constricta (ANSP missing), Natural Well, NC, figure redrawn from Conrad, 1845, by Jeanne Kowalczyk,
(x 2.0).

94c. Sportella consticta (figured hypotype, USNM 265807), Chesapeake, VA 1, (X 2.0)

95. Sportella pelex (holotype figured, USNM 155726),Petersburg, VA I figure from Dall, 1900, (X 3.7).

96. Sportella petropolitana (holotype figured, USNM 155725), Petersburg, VA 1, figure from Dall, 1900, (X 7.0).

97. sportella yor,&ensrs (figured hypotype, usNM 265796), chuckatuck, vA 2, sEM (x 5.5); drawing from Dail, 1900,
usNM 114323.

98. Ensitellops compressa (holotype figwed, ANSP 1596) Petersburg, VA 1, figure from Gardner,Ig44, (X 3.5).

99. Ensitellops protexta (figured hypotype, usNM 265797), Chuckaruck, vA 2, SEM (x4.4).
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PLATE 11

100. Anisodonta anuricana (figured hypotype, usNM 265798),Rice's Pit, Hampbn, vA, (x 4.0).

101. Paranrya subovata (figured hypotype, usNM 265799),Rice's Pit, Hampton, vA, sEM (x 3.6).

102. Carditarnera arata (figvre.d hypotype, USNM 265800), Chesapeake, VA 2, (X 0.6).

103. Pleuromeris decemcostata (figured hypotype, usNM 265801), Chesapeake, vA l, (x 3.4).

l&1. Pleurorneris tridentata (figured hypotype, usNM 265802),Chuckaruck, v{z, (x3.i).

l0/.a. Pleurorrcris aworaensis (figured hypotype, usNM 265806), Chesapeake, vA l, (x 5.0).

105. Pteromcris abbreviata (figured hypotype, USNM 265803), Chuckaurck, VA l, SEM (X 5.5).

106. cyclocardia granulata (figured hypotype, usNM 2658u),chuckatuck, vA l, (x 0.9).

107. Erycinella ovalrs (figured hypotype, usNM 265805), Chuckatuck, vA 1, sEM (x 10.5).
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PLATE 12

108. Astarte arata (ANSP missing). City Point, Hopewell, VA figure from Conrad, 1840.

109. Astarte berryi (frgared hypotype, USNM 403289), Chesapeake, VA l, (X 1.1).

110. Astarte coheni (holotype figured, ANSP 30610), Lancaster Co., VA, (X 1.6).

ll0A. Astarte grifionensis (holotype figured, USNM 325524), Grifton, NC, figure from Gardner, 1944.

lll. Astarte exaltata (holotype figured, ANSP 30628), Calvert Cliffs, MD CX 1.6).

llla &b. Astarte exaltata (figured hypotype, USNM 325519),Bailey's Creek on the James River, VA, figure from Gardner,
1944.

lllc. Astarte exaltata (figured hypotype, USNM 403293), Williamsburg, VA 1.

112. Astarte concentrica (figured hypotype, USNM 403290) Petersburg, YA2, (X1.2).

I13. Astarte roanolrensis (holotype figured USNM 325523) Halifax, NC, figure from Gardner,1944, (X 0.8).

ll3a. Astarte roanokensis (holotype of Astarte hertfordensis USNM 325526), Murfreesboro, NC, figure from Gardner,
1944, (X 0.8).

ll3b. Astarte roanolcensis (holotype of Astarte stephensoni USNM 325528),Halifax, NC, figure from Gardner,1944, (X 0.8).

114. Astarte swmetrica (figured hypotype, USNM 403291), Chesapeake, VA 2, (X 0.9).

115. Astarte undulata (figured hypotype, USNM 403292),Chuckatuck, VA l, (X 1.0).

ll5a. Astarte undulata dekoidea (USNM 325520), Murfreesboro, NC, figure from Gardner,1944.

115b. Astarte undalata vaginulata (USNM 14612l), Grove Wharf, VA, figure from Gardner, LgM.

ll5c. Astarte rndulata dekoidea (USNM 325525),Zuni, VA, figure from Gardner, 1944.
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PLATE 13

llid. Astarte undulata deltoidea (USNM 325532),Zuni, VA, figure from Gardner, 1944.

116. Astarte vicina (figred hypotype, USNM 403294),Williamsburg, VA 3, CX 1.3).

ll6a. Astarte vicina (BM missing) "MD": actually, an unknown VA locality, figure from Say, 1824.

ll7. Astarte yadkinensis (figured hypotype, USNM 403295), Chesapeake, VA l, SEM (X 4.0).

ll8. Eucrassatellavirginica (figured hypotype, USNM 403296),Chesapeake, VA 2, (X 0.4).

119. Eucrassatellavirginica cycloptera (figured hypotype, USNM 403297),Williamsburg, VA 1, (X 0.4).

119a. Eucrassatella laaffinani(figured hypotype, USNM 4022g8),Chesapeake, VA l, (X 0.7).

120. Crassinella lunulata (figured hypotype, USNM 403299), Chesapeake, VA 2, SEM (X 5.7).

l2l. Crassinella johnsoni (figured hypotype, USNM 403300), Chuckatuck, VA 2, SEM (X 20).

122. Crassinella dupliniana (figured hypotype, USNM 403301), Chesapeake, VA 2, SEM (X29).
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PLATE 14

123. Papyidea turtoni (figured hypotype, USNM 403302), Rice's Pit, Hampton, VA, (X 0.7).

l%t. Laevicardiwn sublineatum (figured hypotype, USNM 403303), Chesapeake, V A2, (X 1.2\.

125. Clinocardiwn acutilaqueaturn (figured hypotype, USNM 403304), Chuckatuck, VA 1, (X 0.35).

125a. Clinocardium acutilaqucatum (figured hypotype, USNM 403305), Williamsburg, VA 3.

125b. Clinocardium acutilaqueatwn (figured hypotype, USNM 403306), Chuckatuck, VA l.

126. Clinocardium taenopleura (figured hypotype, USNM 403308), Rice's Pit, Hampton, VA, (X 0.6).

127. Clinocardiwnvirginianum(figured hypotype, USNM 403309), Rice's Pit, Ilampton, VA, (X 0.45).

127a. Dinocardium robustum (figured hypotype, USNM 403310), Chesapeake, VA l, (X 0.8).

128. Mactrafragilis(figuredhypotype,USNM4033ll),Chesapeake,YA 2, (X 1.0).

129. Spisula confraga (figured hypotype, USNM 403674), Chesapeake, VA 2, (X 0.5).

129a. Spisula confraga (figured hypotype, USNM 403312), Williamsburg, VA 1, (X 0.5).

130. Spisula delurnbis (figured hypotype, USNM 403313), Rice's Pit, Ilampton, VA, (X 0.5).

130a. Spisala duplinensis not illusftated.

l3L. Spisala harrisi (holotype figured, PRI 3487), Pee Dee River, SC, figure from Olsson, 1914, (X 0.5).
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PLATE 15

132. Spisula rrcdicella (figured hypotype, USNM 403314), Chuckatuck, VA 1, (X 1.0).

132a. Mactra clathrodon (holotype figured, ANSP 3309), "MD", actually an unknown VA locality, (X 3.0).

133. Malinia congesta (figured hypotype, USNM 403315), Days Point, VA, (X 1.4).

134. Mulinialateralis (figuredhypotype,USNM403316),Chesapeake,VA 1, CX3.0).

135. Rangia clatlvodonta (figured hypotype, USNM 403317'), Chesapeake, VA l, (X 0.7).

136. Raeta alta (figured hypotype, USNM 403318), pit at bypass just east of Suffolk, VA, (X 0.5).

137 . Mesodesma spatln (holotype figured, USNM 325591), Suffolk, VA, figure from Gardner, 1944, (X 3.7).

138. Ervilia lata(frguredhypotype, USNM403319), Chuckatuck, VA 2, (X7.2).

139. Ensis directus (figured hypotype, USNM 403320),Langley Pit, Hampton, VA, (X 0.35).

139a. Ensis sp. (holotype of Solen magnodentata is figured, ANSP 3304), Petersburg, VA 1, (X 2.0).

140. Ensis ensiformis (figured hypotype, USNM 403321),Rice's Pit, Hamplon, VA, (X 0.5).

l4l. Ensis hughesi (holotype figured, USNM 403322), Pinecrest beds, Kissiminee, FL, (X 0.4).

l4la. Ensis haghesi (paratypes figured, USNM 403323\,Williamsburg, VA 3, (X 0.4).

142. Ensis schmidti (figured hypotype, USNM 403324), Rice's Pit, Hampton, VA, (X 0.4).



PUBLICATION 127 203





2M VIRGINIA DIVISION OF MINERAL RESOIJRCES

PLATE 16

143. Tellinaaequisriata (figured hypotype, usNM 403325>,Rice's Pit, Hampton, vA, (x 1.0).

144. Tellina egena (holotype figured, ANSP 16016), James River near Smithfield, VA 2, (X 1.0).

I45. Tellina declivis (figured hypotype, USNM403326), Chuckatuck, VA 2, (X 1.5).

146. Tellina dupliniana (figured hypotype, USNM 403327),Chuckaruck, VA 2, (X 3.5).

14fu,. Tellina saberis (figured hypotype, USNM403328), Chesapeake, VA l, (X 3.0).

147. Macoma cookei (holotype figured, USNM 325592),YorkEown, VA (figure from Gardner,1944), (X 0.7).

148. Macomavirginiana (figured hypotype, USNM 403329),Chesapeake, VA 2, CX 1.0).

148a. Maconw virginiana (figured hypotype, USNM 325594),Suffolk, VA, figure from Gardner,lg44,CX 1.0).

L49. Macoma arctata (figured hypotype, USNM 403330), Chesapeake, VA 2, (X 1.0).

150. Florimetis magnoliana (figured hypotype, usNM 403331), chuckaruck, vA 2, (x 0.6)
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PLATE 17

l5l. Donax chuclutaclunsrs (holotype figured, USNM 325589) Yorktown Chuckatuck l, (figure from Gardner,1944\,
(x 4.0).

151a. Donax cuneola (figured hypotype, USNM 403332> Zook's Pit near Yorktown, VA, (X 2.8).

152. Donax enanonsi (figured hypotype, USNM 403333), Chesapeake, VA l, (X 1.6).

153. Gari dalli (figured hypotype, USNM 403334), Chesapeake, VA 1, (X 0.8).

154. Serrcle subovata (figured hypotype, USNM 403335), Chesapeake, VA 2, (X 1.0).

155. Serrcle carinata not illusEated

155a. Serrcle alumcnsis (figured hypotype, USNM403336), Rice's Pit, Hampton, VA, (X 5.4).

156. Setrclinanuculoides (figured hypotype, USNM 403337),Chesapeake, VA 2, (X 7.3).

157. Cwningia subtellinoides (figured hypotype, USNM 403338), Chuckatuck, VA 2, (X f .0).

158. Abra aequalrs (figured hypotype, USNM 403339>,Chesapeake, VA l, (X 2.5).

159. Abra subreflexa (figvred hypotype, USNM 403340), Chesapeake, VA 2, (X 1.6).

160. Tagelus pleber'zs (figured hypotype, USNM 403341),Williamsburg, VA 3, (X 0.6).

161. Coralliophaga microreticurata (holotype figured, USNM 3255ffi), Suffolk, VA, figure from Gardner,1944, (X 1.5).

162. Glossusfraternus (figured hypotype, USNM 403342),Rice's Pit, Hampton, VA, (X 0.3).

163. Corbicula densata (figured hypotype, USNM 403343), Chesapeake, VA l, (X 0.6).
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PLATE 18

l&. Mercenaria campechiensis permagna (figured hypotype, USNM 403345), Chuckatuck, VA 1., (X 0.5).

164a. Mercenaria campechiensis (figured hypotype, USNM 403344), Chesapeake, VA l, CX 0.6).

165. Mercenaria corrugata (figured hypotype, USNM 403346),Williamsburg,YA2, (X 0.6).

166,. Mercenariamercenaria (figured hypotype, USNM 403347),Chesapeake, VA f , (X 0.4).

167. Mercenariarnflata (figured hypotype, USNM 163419),Bellefield, VA, figure from Gardner,l944,(X 0.6).

167a. Mercenaria nucea (figured hypotype, USNM 163418), Bellefield, VA, figure from Gardner, L944, (X 0.8).

168. Mercenaria tridacnoides(figured hypotype, USNM 403348), Williamsburg, VA 3, (X 0.5).
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PLATE 19

165a. Mercenaria tridacnoides copy of Lister,l684, Virginia, locality unknown.

169. Mercenaria sp. (figured hypotype, usNM 4a3349),znne I williamsburg, vA l, (x 0.5).

170. Chione cortinaria (figured hypotype, USNM 146126),Grove Wharf, figure from Gardner, 1944, (X 1.5).

l7l. Chione cribraria (figured hypotype, USNM 265779),Rice's pir, Hampton, VA, (X 1.0).

172. Chione latilirata (figured hypotlpe, USNM 403350), Williamsburg,VA2, (X 1.0).

L73. Chione grzs (figured hypotype, USNM 403351), Chesapeake, VA 2, SEM (X 5.5).

174. Transenella carolinensis (figured hypotype, usNM 403352),Chesapeake, vA 2, (x 2.0).

175. Gouldia nntastriata (figured hypotype, usNM 403353), smithfield, vA 3, (x 2.5).

176. Pitar sayana (figured hypotype, USNM 403354), Chesapeake, VA 2, (X 0.6).

l7@. Pitar scyana (holotype of "cytherea elevata",ANsp 1581, petersburg, vA 1, (x 2.0).

176b. Pitu sayana(figured hypotype, USNM 403307),Williamsburg, VA 3, (X 0.5)

177. Macrocallista albraria(figured hyporype, usNM 403355), williamsburg, vA 3, (x 0.4).

178. Macrocallisn albraria reposta (figured hypotype, USNM 403356), Chuckatuck, VA 1, (X 0.5).
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PLATE 20

179. Dosinia acetabula (figured hypotype, USNM 403357\,Chuckatuck, VA l, (X 0.4).

180. Gernna magna (figured hypotype, USNM 403358), Williamsburg, VA 3, SEM (X 1l).

181. Petricola pholadifurmis (holotype of Petricola rogersi, ANSP 16015), Yorktown, VA, (X 1.5).

182. Rupellaria pectarosa(figured hypotype, USNM 403359), Chuckatuck, VA l, (X 1.7).

183. Pleiorytis centenaria (figured hypotype, USNM 403360), Chuckatuck, VA 2, (X 0.7).

184. Cooperella parilrs (holotype of Diplodontayorkensis,UsNM 144548),Yorktown, VA, (X 1.8).

185. Mya arenaria (figured hypotype, USNM 94278),Petersburg, VA l, figure from lvlacNeil,1964, (X 0.9).

187. Sphenia &tbia (frgwed hypotype, USNM 403361), Chesapeake, VA 2, (X l7).

187a. Sphenia dubia (holotype of Myareflexa, ANSP 1588), Petersburg, VA l, (X 15).
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188. Varicorbulachowanensis (figuredhypotype,USNM403362),Chuckatuck,VA 1, (X 1.7).

189. Corbula cuneata (figured hypotype, USNM 403363), Chuckatuck, VA 2, (X 1.6).

190. Corbala retusa (Egwedhypotype, USNM 403364), Chuckatuck, VA 2, (X 1.7).

191. Corbulainaeqwlis (figuredhypotype,USNM403365),Chesapeake,VA2, (X 1.9).

192. Gastrochaena ligula (figured hypotype, USNM 403366), Chuckatuck, VA 2, (X 1.8).

193. Hiatella arctica (figured hypotype, USNM 403367), Chuckatuck, VA 1, (X 2.9).

193a. Hiatella arctica (figured hypotype, USNM 403368), Chesapeake, VA 2, (X 10), juvenile showing posterior radial
sculpture.

194. Panopea goldfussi (figured hypotype, USNM403369), Rice's Pit, Hampton, VA, (X 0.5).

195. Panopea reflexa (figured hypotype, USNM 403370), Chuckatuck, VA 2, (X 0.3).

196. Cyrtoplewa arcueta (figured hypotype, USNM 403371), Suffolk, VA, (X 0.5).

197. Pholas memmingeri (figured hypotype, USNM 403372),Williamsburg, VA 3, (X 0.8).

198. Ziphraea rhomboidea (holotype figured, ANSP 1583), Petersburg, VA 1, (figure from Gardner,1944), (X 5.0).

199. Martesia sp., cf. M. ovalis (figured hypotype, USNM 403373),Rice's Pit, Hampton, VA, (X 0.9).

200. Teredinafistzla (figured hypotype, USNM 403374), Williamsburg, VA 2, (X 0.9).

200a. Teredinafistula figure from Johnson, l9M, showing original shell.
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PLATE22

Margaritaria abrapta (figured hypotype, USNM403375), Chesapeake,YA2, (X 0.S).

Ly o ns ia sp. (figured hypotype, US NM 40337 6), Chesapeake, V A 2, (X 2.7 7).

Lyonsia sp. (figured hypotype, USNM 403377),Chesapeake, VA 2, SEM CX l0).

Pandora arenosa (figured hypotype, USNM 403378), Chuckatuck, VA 2, (X 1.0).

Pandora crassidens (figured hypotype, USNM 403379),Chesapeake, VA 2, (X 0.7).

Pandora crassidens rajorina (figured hypotype, USNM 403695), Rice's Pit, Hampton, VA, (x 0.6).

Pandora undulata (holotype figured, USNM403380),7nne 1, Williamsburg, VA 1, (X 1.2).

Pandora sp. (figured hypotype, USNM 403381), Chesapeake, VA I (X 2.0).

Pandora tuomeyi (figured hypotype, USNM 403382),Williamsburg, VA 3, (X 1.5).

Tfuacia magna (holotype figured, USNM 403383), Rice's Pit, Hampton, VA, (X 0.4).

Thracia transversa(figured hypotype, USNM 403384), Chesapeake, VA 2, SEM (X l0).

Thracia maddelysensis (holotype figured, USNM 325508) Maddely's Bluff, Meherrin River, VA, figure from Gardner,
t944, ()(5.2).

Cyatlndonta dalli (holotype figured, USNM 352442),Benns Church, VA, figure from Mansfield, 1929,(X0.9).

2AL

202.

202a.

203.

2M.

205.

206..

207.

208.

209.

2r0.

210a.

2tt.
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PLATE 23

212. Periplomasp. cf. P. peralra(figured hypotype, USNM403385), Rice's Pit, Hampton, VA, (X 1.2).

213. Cochlodesma antiqua(figured hypotype, USNM 403386), Chuckatuck, VA l, (X 0.7).

214. Verticordia rogersi (figured hypotype, USNM 403387), Chesapeake, VA 2, SEM (X 12).

215. Verticordiasp. (figured hypotype, USNM 403388), Chesapeake, VA l, (X 4.5).

216. Dentalium attenuatum (figured hypotype, USNM 403389), Williamsburg, VA l, (X 0.9).

217. Dentaliam carolinense (figured hypotype, USNM 403390), Chesapeake, VA 2, (X 0.9).

218. Cadulus thallus (figured hypotype, USNM 403391), Smithfield, VA 2, (X 3.9).

219. Ischnochitan sp. (figured hypotype, USNM 403392),Chuckaurck, VA 2, SEM, (X 15).

220. Chaetopleura apiculata (figured hypotype, USNM 403393), Chuckaruck, vA 2, sEM, (x 5.0).

221. Diodora catillifurmis (MCZ lost), Shell Bank, Prince George Co., VA, figure from Gardner, 1948 (X 2.5).

222. Diodora oblonga (figured hypotype, USNM 403394), Chuckaruck, VA l, (X 0.?).

223. Diodora redimicula (figured hypotype, USNM 403395), Scotland Wharf, VA, (X 0.7).

2U. Solariella olssoni (holotype figured, USNM 403396), Tnne l,Williamsburg, VA l, (X 3.0).

225. Solariella rrcei (holotype figured, USNM 403397), Rice's pit,Ilampton VA, (X 2.9).

226. Solariella slncHefordensis (holotype figured, PRI 35l3Shackleford, VA, figure from Olsson, 1914, CK 3.0).
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PLATE 24

2n. Calliostoma bellum (syntype figured, ANSP 30587), Smithfield, VA, (X 2.5).

228. Calliostoma sarae (holotype figured, USNM 403398), Tnne lWilliamsburg, VA l, (X 3.5).

229. Calliostomalabrosurn (figuredhypotype,USNMl13050),JamesRiver,VA, figurefromGardner,lg48, (X2.4).

230. Calliostomalapidoswn (holotype of Trochus conus,ANSP 1544) Petersburg, VA 1, (It2.2>.

230a. Calliostomalapidosrz(holotypeof Calliosamaconradi,UsNM325468), Yorktown,VA, figurefromGardner,lg4S,
(x 2.0).

231. Calliostoma milchelli mitchelli (holotype figured, ANSP 1619), figure from Gardner, 1948, (X 1.2\.

232. Calliostoma mitchelli basicwn(figured hypotype, USNM 113036), Petersburg, VA l, figure from Gardner, 1948,
(x 1.2).

233. Calliostoma nitchelli conrad,ianum (ANSP 31403), Petersburg ?, VA l, figure from Dall, 1892, (X 0.8).

234. Calliostoma mitchelli johmozi (holotype figured, USNM 403399),7nne l, Williamsburg, VA l, (X2.3).

235. Calliostomamitchetti philanthropus (figured hypotype, USNM 113021), Yorktown, VA, figure from Dall, 1892,
(x 1.8).

235a. Calliostomamitchelli philanthropzs (figured hypotype, USNM 403400), Williamsburg,VA2, (X 1.8)

236. Calliostoma nottowayense (holotype figured, USNM 325466), Sycamore, Nottoway River, VA, figure from Gardner,
1948. (x 2.9).

248a. Arene twmeyi (holotype figured, USNM 403408), Chesapeake, VA 2, (X 2.8).







222 VIRGINIA DIVISION OF MINERAL RESOURCES

PLATE 25

237. Calliostona shacHefordensis (PRI lost), Shackleford, VA, not illustrated.

238. Callbstoma virginicum virginicum(figured hypotype, USNM I 13036), Yorklown, VA, figure from Gardner, 1948,
(x 2.1).

238t.. Cattiostomavirginicwn carolinensrs (holotype figured, USNM 325472),lMartin Co., NC, figure from Gardner, 1948,
(x 2.1).

239. Calliostomavirginicum gizelri (holotype figured, USNM 325467), Yorktown, VA, figure from Gardner,1948,(X2.2).

240. Calliosnma virginicum hanisianun (PRI 204, missing), Znne I,Bellefield, VA, not illustrated.

24I. Calliostonu virginicum larrisii (holotype figured, USNM I13052), Zone l,Bellefield, VA, figure from Gardner,
1948, (X 2.1).

241C. Calliostoma virginictnn hertfordense (holotype figured, USNM 325469),Murfreesboro, NC, figure from Gardner,
1948,(X2.7).

242. Callbstoma virginicum jefferson ium (holotype figured, USNM 403400), 7-one I Williamsburg, VA l, (X 3.0).

242-a. Calliostoma virginicam jeffersonium (pwatype figured, USNM 403688), Tnne I Williamsburg, VA I , (X 3.0).

243. Tegula exoluta(figured hypotype, USNM 403401), Williamsburg ,V A2, (X 1.7).

1M. Gibbula rustica (figured hypotype, USNM 325463), Suffolk, VA, figure from Gardner,1948, (X 5.5).

245. Skenea lwrrisi (figured hypotype, USNM 403402),Chesapeake, YA 2, SEM (X 33).

246. Slunea smithfteldensrs (figured hypotype, USNM 403403), Chesapeake, VA 2, SEM (X 43).

247. Sl<eneayorktownensis (holotype figured, USNM 4034}q,Chesapeake, VA 2, SEM (X23).

247a. Izptogyra davidi (holotype figured, USNM 403405), Chesapeake, VA 2, SEM (X24).

?/17b. Pelycidion matthewi (holotype figured, USNM 403406), Chesapeake, VA 2, SEM (X24).

A8. Arene sp. (figured hypotype, USNM 403407),Chesapeake, VA 2, SEM 6n).
248a. Arene twmeyi (holotype figured, USNM 403408), Chesapeake, YA 2, (X 2.8). see plate 24.

24g. Littorina irrorata not illustrated.

250. Alvania lipeus (figwedhypotype, USNM 4034D),Chesapeake, VA 2, SEM (X 40).

25I. Cingala geraea (figured hypotype, USNM 403410), Chesapeake,VA2, SEM (X 12.5).

252. Cingula sp. (figured hypotype, USNM 403411), Smithfield, VA 2, SEM (X 37).

253. Rissoina sp. cf. R. st/iatocostata (figured hypotype, USNM 403412), Chuckatuck, VA 2, SEM (X l4).
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PLATE 26

254. Vitrinella lipara(holotype figured, ANSP 1542), Petersburg, VA l, figure from Gardner, 1948, CX g.5).

255. Aorotrema cistroniurn (figured hyporype, usNM 403413), Chuckanrck, vA 2, sEM (x 1s).

256. circulus costulatus (figured hypotype, usNM 403414),chuckatuck, vA 2, sEM (x l0).

257. Cyclostremiscus obliqucstriatus (frgwedhypotype, USNM 403415),Chuckatuck, VA 2, SEM (X 16).

258. !29t-os1l9\scus pseud'aeorDrs (holotypefigured, USNM ll2C53r, TemplePlace nearyorkrown, VA, figure from Dall,
1892, (X 5).

259. Cyclostremiscus sclvnidti (figured hypotype, USNM 403416),Chuckaruck, VA 2, SEM (X 19).

2ffi. cyclostremiscus andula (figured hypotype, usNM 403417),chesapeake, vA l, sEM (x22).

261. Pamiturboides sp. (figured hypotype, usNM 40341g), chesapeake ,ya},sEM (x 40).

262. Didianenu carolinae (figured hyporype, usNM 4o34lg),chesapeake, vA l, sEM (x 31).

263. Didianema sp. (figured hypotype, usNM 4o3420),williamsburg, vA 3, sEM (x 24).

264. solariorbis variabilis (figured hypotype, usNM 40342L),petersburg, vA l, sEM (x 20).

265. solariorbisyadkinensis (holotype figured, usNM403422), chesapeake, vA l, sEM (x 26).
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PLATE2T

263. Didianemasp. (figured hypotype, USNM 403420),Williamsburg, VA 3, SEM (x 24),rey.atedfor comparison wirh
species # 272.

266. Teinostoma alemnderi (figured hypotype, USNM 403423),Chesapeake, VA 2, SEM (X 15.5).

267. Teinostoma buslri (figured hypotype, usNM 403424),williamsburg, vA 2, sEM (x 26).

268. Teinostoma gonbgyrus (figured hypotype, ANSP not given), Smithfield, VA, figure from pilsbry ,1953 (I^Zl).

269. Teinostomabeaafortensis (figuredhypotype,USNM 403425>, Chuckaruck,VA2,SEM (X lZ).

270. Teinostoma lenticlare (holotype figured, ANSP not given), Smitlifield, VA 1, figure from pilsbry ,Ig53, (X 12).

271. Teinostoma naza (holotype figured, ANSP 1569), *MD", unknown VA locality, figure from Gardner, 1948, (X 15).

272. Teinostoma subconica (figured hypotype, usNM 403426),Chesapeake, vA 2, sEM (x 35).

273. Teinostoma umbilicata (figured holotype, ANSP 1565), Smirhfield, VA l, figure from Gardner,lg4l, (X 9.5).

273a. Teinostoma umbilicatc (figured hypotype, ANSP not given), Petersburg, VA l, figure from pilsbry ,1953, (X 9.5).

274. Teinostomavirginica (holotype figured, USNM403427), Williamsburg, VA 3, SEM (X 19).
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PLATE 28

275. Macromphalina aperta (figured hypotype, usNM 403428), Smithfield, vA 3, SEM (x27).

276. Macromphalinachuckatuckensis (holotypefigured,USNM 403429), Chuckamck,VA l,SEM (X4.4).

277. Cochliolepis concava (holotype figured, ANSP 1538), Petersburg, VA 1, figure from Gardner, 1948, (X 5.7).

278. Cochliolepis striata (figured hypotype, USNM 403430), Chesapeake,VA2, (X 5.5).

278a. Cochliolepis striata (drawing from Dall, 1892), (X 5.5).

279. Cochliolepis virginica (holotype figured, USNM 156078a) Petersburg, VA l, figure from Pilsbry,1953, (X 5.5).

280. Caecarn chuckatuckensrs (holotype figured, USNM 403431),Chuckatuck, VA 2, SEM (X 8.0).

28L. Caecwn pulchellum (figured hypotype, USNM 403432), Chesapeake, VA l, SEM (X l8).

282. Caecurn cooperi (figured hypotype, USNM 403434),Chesapeake, VA 2, SEM (X 6.6).

283. caecwn stevensoni (figured hypotype, usNM 403435), chesapeake, vA l, sEM (x 8.0).

2U. Caecurn tortile (figured hypotype, USNM 403436), Chuckatuck, VA 2, SEM (X 7.0).

285. Caecwnflemrzgi (figured hypotype, USNM 403437),Chesapeake, VA 2, SEM (X 2.5).

286. Caecum johnsoni (figured hypotype, USNM 403438), Chesapeake, VA 2, SEM (X 7.5).

287. caecumvirginianum (figured hypotype, usNM 403439),chesapeake, vA 2, sEM (x 5.0).
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PLATE 29

288. Turritella alticostata(lectotype figured, ANSP 305g2),James River, VA, (X 0.8).

288a. Turritella alticostata(figured hypotype, USNM 403440), Poquosan, VA, (X 0.8)

289. Turritellabeaafortensis (figuredhypotype,USNM 403441),Chesapeake,VA 1, (X0.5).

290. Turritellavirginica (holotype figured, USNM 403442'),Smithfield, VA 3, (X 0.5).

2gl. Turritella fluxbnatis(figured hypotype, USNM 403443), Williamsburg, VA 3, (X 0.65).

292. Turritellabipertita (figuredhypotypes,compositefigure,USNM403444),7nnel, Williarnsburg,VA3, and(USNM
443694),Carter's Grove, VA (X 1.0).

2g3. Twritella terstriata(figured hypotype, USNM 325456),7nne l,Walkerton,VA, figure from Gardner ,lg48,CX O.S).

293a. Turritella terstriata (specimen from type lot of Turritella alticostata, N{SP 30592),Zone I , James River, VA, (X 0.S).

295. Architectonica nobilis (figured hypotype, USNM 403445), Chuckaruck, VA 2, (X 3.5).

296. Pseudotorinia nupera (figured hypotype, USNM 403ffi6),Chuckatuck, VA2, (X2.7).

297. Petaloconchus sculpturatrs (figured hypotype, USNM 403447), Smithfield, VA 3, adult colony and solitary adult,
(x 1.0).

297a. Petaloconchus sculpturdtus (figured hypotype, USNM 403447), Smithfield, VA 3, protoconch (X l5).

297b. Petaloconchussculpturatus(figwedhypotype,USNM403447),Smithfield,VA3,brokensectionshowinginternalsepta
(x 10).

298. Serpulorbis granifera (figured hypotype, USNM 403448),Rice's Pit, Hampton, VA, (X 1.0).

299. Bittium curtum (figured hypotypes, USNM 403449),Petersburg, VA 2, SEM (X 10.5).

300. Cerithiopsis smithfieldensrs (figured hypotype, USNM403450), Petersburg, VA 2, SEM (X l5).

301. Cerithiopsis bicolor (figured hypotype, USNM 403451), Chuckatuck, VA 2, SEM (X 4.8).

302. Cerithiopsis sp. (figured hypotype, USNM 403452),Chesapeake, VA 2, SEM ()(l2).

303. Seila adamsii (figured hypotype, USNM403453), Chuckatuck, YA 2, CX 1.7).

3O+. Triphora bartschi (figured hypotype, USNM 403454), Smithfield, VA 3, SEM (X 7.6).

305. Triplora subrrcnilifera (figured hypotype, USNM 403455), Smithfield, VA 3, SEM (X 5.S).
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PLATE 30

Opalia textwxtitwr (frgwedhypotype, USNM 403456 Rice's Pit, Hampton, Va, (X 3.0).

Epitortun boheru (figured specimen is Epitonium arctata, a Conrad manuscript name, ANSP 17138), Yorktown?, locality
unspecified, CX 3.0).

308. Epitoniwtcornigerum (figuredhypotype,USNM40357), Chuckatuck,VA2, (X3.0).

309. Epitonium edgecombense (figured hypotype, USNM 403458), Chuckatuck, VA 2, (X 3.2).

310. Epitoniwnfracraaz (figured hypotype, USNM 40359), Rice's Pit, Hampton, VA, (X 2.5).

3ll. Epitoniun sleldoni (holotype figured, PRI 13634), Zone 1, Kings Mill, VA, (X2.5).

3L2. Epitoniun smithfieldctrsis (holotype figured, USNM 35244q, Smithfield, VA l, figure from Mansfield, 1,929, (X 2.5).

3I2a. Epitonium smithfteldcruis (figured hypotype, USNM,!03460), Chuckatuck, VA 2, (X 2.5).

313. Epitoniuntdruidi (holotypefigured,USNM40346l),Chuckatuck,YAZ,SEM CX 11.7).

314. Epitoniun spp. not illustrated

315. Epitoniwt rcbulum (figured hypotype, USNM 4A3463), Poquoson, VA, (X 2.2).

316. Epianium mbrostomton (holotype figured, ANSP 1537), Petersburg, VA, figure from Gardner, 1%8 (X 4.7).

317. Epitonium chrckatuckcttsis (holotype figured, USNM 403464), Chuckaruck, VA 2, SEM (X 21.5).

318. Epitoniwt dnplinianum (figured hypotype, USNM 403465), Chuckatuck, VA 2, 6.2.8).

319. Epitoniummitopburum (figruedhypotype,USNM40y66), Chesapeake,VA2, (X10.5).

32O. Epitoniumtavangeliae (figured hypotype, USNM403467), Rice's Pit, Hampton, VA, (X 1.5).

320a. Epitonium alutnensis (figured hypotype, USNM 403468), Rice's Pit, Hampton, VA (X 3.5).

321. Melanellaarctmta (figuredhypotype,USNM403469), Chuckatuck, VA2, (Xt7).

322. Melanella chesapealcewis (holotype figured, USNM 403470), Chesapeake, VA I, (X 4.5).

323. Mebrcllaangulata (figuredhypotype,USNM40347l),Chesapeake, VA2, CX7.0).

324. Melanella laevigata (figuredhypotype, USNM 403472), Chesapeake, VA 2, (X 3.4).

325. MebrcIb nisoformis (figured hypotype, USNM 4Oy73), Chuckatuck, VA 2, CX 3.6).

326. Strombiformis conchita (figured hypotype, USNM n3474), Chuckatuck, VA 2, (X 12.5).

327. Stronbiformis migrans (figured hypotype, USNM 403475), Chesapeake, Va 2, (X 3.0).

328. Niso aegeles not illustrated.

329. Mucronalia sp. (figured hypotype, USNM,+03476), Chesapeake,VA 2, CX 5.5).

330. Atlantacordiformis (figuredhypotype, USNM 403471), Chesapeake,VA2, (X 18).

331. Carinorbis lyra (figruedhypotype,USNM403478), Chuckatuck,Ya2, (X2.6).

331a. Carinorbis lyra (figtredhypotype, USNM 403479), Chuckaurck, VA 2, (X 13.5)

332. Iselica globosa (holotype figured, ANSP4312), Petersburg, VA 1, (X 6.8).

332a. Iselica globosa (figured hypotype, USNM 403480), Williamsburg, VA 3, (X 6.8).
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PLATE 31

42a. Carolinapecten eboreus chesapeakensrs (holotype figured, USNM 265808), Chesapeake, VA l, (X 0.7)

333. Calyptraea centralis (figured hypotype, USNM 403481), Chucatuck, VA l, (X 1.5).

334. Crucibulam scutellatum (figured hypotype, USNM 403482), Smithfield, VA 3, (X 0.8).

335. Crucibulumgrandis (figuredhypotype,USNM403483),7nnel, thickenedmorphology, Carter'sGrove,VA, (X0.75).

335a. Crucibulum grandis (figwed hypotype, USNM 4034K,Chesapeake, VA 2, (X 0.75).

336. Crucibulum multilineatum (figured hypotype, usNM 403485), Chesapeake, vA l, (x 2.1).

337. Crucibulam leanum (figured hypotype, USNM 403486), Chesapeake, VA 2, (X 0.75).

338. Cracibulwnleanum variety (figured hypotype, usNM 403487), Chesapeake, vA 1, (x 0.8).

339. Crepidula adunca (figured hypotype, USNM 403488), Chesapeake, VA 2, (X 3.5).

340. Crepidula convem (figured hypotype, USNM 403489), Williamsburg, VA 3, (X 1.4).

341. crepidula cymbaeformis (figured hypotype, usNM 403490), chesapeake, vA 2, (x 0.8).

342. Crepidulafornicata (figured hypotype, USNM 403491\,Chuckaruck, VA 1, (X 1.0).
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PLATE 32

343. Crepidula aculeata acaleata (figured hypotype, USNM 403492), Smithfield, VA 3, (X 1.7).

343a. Crepidula aculeata ponderosa (figured hypotype, USNM 403493), Smithfield, VA 3, (X 0.9).

343b. Crepidula aculeata costata (figured hypotype, USNM 403494), Smithfield, VA 3, (X 1.1).

344. Crepidula planc (figured hypotype, USNM 403495), Chesapeake, VA 2, (X 0.9).

345. Lamellaria perspicua (figured hypotype, USNM 403496), Chuckatuck, VA l, SEM 66.2).

346. Erato maugeriae (frgvrd hypotype, USNM 403497), Chuckatuck, VA f , (X 9.8).

347. Cypraca carolinensis (figured hypotype, USNM 403498), Williamsburg, Va 3, (X 0.8).

348. Polinices duplicatus (figured hypotype, USNM 403499), Chesapeake, VA 2, (X 0.8).

348a. Polinices sp. (figured hypotype, USNM 403500), Rice's Pit, Hampton, (X 2.5).

349. Lunatia interna (figured hypotype, USNM40350l), Poquoson, VA, CX 1.6).

350. Lunatia perspectivia (frgwed hypotype, USNM403502), Chuckatuck, VA 1, (X 1.5).

351. Lunatia sayana (holotype figured, USNM 403503), Chesapeake, VA 2, (X 0.5).

352. Bulbus chesapealccnsr,s (holotype figured, USNM 403504), Chesapeake, VA 2, (X 5.5).

353. Sinum chesapeakensis (holotype figured, USNM 403505), Chesapeake, VA 2, (X 0.9).

354. Sinum perspectiviurn (figured hypotype, USNM 430506), Rice's Pit, Hampton, VA, (X 1.0).

355. Natica plicatella (figwed hypotype, USNM 403507), Chuckatuck, VA 2, (X 4.8).

356. Tectonatica pusilla (frgwet hypotype, USNM 403508), Chesapeake, VA 2, (X 12.8).

357. Sconsiasp.cf.S. hodgei (figuredhypotype,USNM403509), Rice'sPir,Hampton,VA, (X0.8).

358. Ficus lnlmesi (figured hypoq/pes, USNM 403510), Rice's Pit, Hampton, VA, (X 0.8).

l
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PLATE 33

359. Chicoreus floridanus sketch of specimen in the Rice's pit Museum.

360. Mwexiella shilohensis (figured hypotype, USNM 403511), williamsburg, vA 3, (x 3.0).

361. scalaspira struntosa (figured hypotype, usNM 4o3sl2), chesapeake, vA 2, (x 1.8).

362. Urosalpinx barbitoides (figured hypotype, USNM 325429'), Yorktown, VA, figure from Gardner,1948, (X 1.9).

362a. Urosalpinxbarbitodes (figured hypotype, USNM403513), Smithfield, VA 3

363. urosalpinxlepidota (figured hypotype, usNM403515), chuckatuck, va 2, (x 1.3).

363a. U. rosalpinx lepidota (holotype of Urosalpinx suffolkensis,UsNM 325425 Suffolk, VA, figure from Gardner ,lg4l,(x 1.0).

363b. urosalpinx lepidota (figured hypotype, usNM 403514), chuckaruck, va 3, (X 1.3).

3&. urosalpinx gardnerae (holotype figured, usNM 403516), williamsburg, vA 3, (x l.z).

365. urosalpim trossula (figured hyporype, usNM 4035r7),chuckatuck, va 2, (X r.0).

365. Urosalpittx rappalwnnoctensrs (figured hypotype, USNM 403518), Williamsburg, VA l, (X 1.2).

367. Pterorytis umbrifer (figured hypotype, usNM 403519), chuckaruck, vA 2, (x 1.4).

368. Trophonopsis petiti (holotype figured, usNM 4}3s2}),williamsburg,v|z, sEM (x 5.4).

369. Boreotrophon teticus (figured hypotype, usNM 4a3s2r'),chuckatuck, vA 2, (x 0.8).

369a. Boreotrophon teticus /aevrs (figured hypotype, USNM 403522), Rice's PiL Hampton, VA, (X 0.8).

370. coralliophila leonensis (figured hypotype, usNM 403523),chuckatuck, vA 2, (x 2.0).
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PLATE 34

37t. Anachir parwla (holotype figured, ANSP 1577), Smithfield, VA l, (X 5).

371a. Anachis parvula (figured hypotype, USNM 40352), Smithfield, VA l, (X2.1).

372. Anachis styliola (figured hypotype, USNM 403525\, Chesapeake, YA2,(X2.7).

373. Anachis virgiliru (figwed hypotype, USNM 403526), Rice's Pit, Hampton, VA, (X 2.0).

374. Anachis obesa notillustrated

375. Mitrella conanunis (figured hypotype, USNM 403527), Smithfield, VA 3, (X 2.7).

37fu. Mitrella larbisonae (figured hypotype, USNM 403528), Chesapeake, VA l, (X 3.5).

377. Mitrella edenensis (figured hypotype, USNM 403529r, Chesapeake, VA 2, (X 4.4).

378. Mitrella waccarnawensr's (figured hypotype, USNM 403530), Chesapeake, VA 1, (X 2.0).

379. Nassarina glypta (figured hypotype, USNM 403531), Chesapeake, VA 2, SEM (X 5.6).

380. Aesopus stearnsii (figured hypotype, USNM403532), Chuckatuck, VA 2, SEM (X 6.8).

380a. Aesopus stearnsii (figured hypotype, USNM403533), Chuckatuck, VA 1, SEM (X 6.8).

381. Juliamirrella clrcsapeaknsrs (holotype figured, USNM 403534), Chesapeake, VA 2, SEM (X 11).

382. Juliamitrella gardrcrae (figured hypotype, USNM 403535), Chesapeake ,Y A2, SEM (X 1 1).

383. Juliamitrella smithfteldensis (figuredhypotype, USNM 35238), Smithfield, VA 1, figure from Gardner, 1948, (X4.4).

384. Juliamitella virginica (holotype figured, USNM 403536), Chesapeake, VA l, SEM (X 6.4).

385. Buccinum sp. (figured hypotype, USNM403537), Chuckatuck, VA l, (X 1.3).

386. Torffisus curvirostra (figured hypotype, USNM 403538), Chesapeake, VA2, (X 0.6).

387. Pryctosalpinxaltile (figwedhypotype, USNM 403539), Chuckatuck, VA l, (X 0.?5).

387a. Ptyclasalpinx altile (figvred hypotype, USNM 403540), Smithfield, VA 3, (X 0.75).

388. Ptychosalpitu chesapealcensrs (holotype figured, USNM 403541), Chesapeake,VA2, (X l.l).

389. Ptyclasalpinxlaqucata(figured hypotype, USNM 403542),Chesapeake, VA 2, (X 0.8).

390. Ptyclosalpimmukirugata(figured hypotype, USNM 403543),Chesapeake, VA 2, (X 0.8).
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PLATE 35

391. Ptychosalpinx trcmeyi (figured hypotype, USNM 403K),Chesapeake, VA 2, (X 1.0).

392. Tritonoharpa floridensi (figured hypotype, usNM 403545), chuckatuck, vA 2, (x 2.0).

393. Cantharus nnr (figured hypotype, USNM 403546), Chuckatuck, VA 2, (X 1.8).

394. Ecplwra quadricostata (figured hypotype, USNM 403547),Chesapeake, VA,2 (X 0.6).

395. Busycon mnximum (figured hypotype, USNM 403548), Chesapeake, VA 2, (X 0.3).

396. Busycon maximumfilosnn (holotype figured, ANSP 14310), Yorklown, VA, (X 0.4).

396a. Busycon maximumfilosum (figwed hypotype, U. Nebraska State Museum 28), Yorktown, VA, figure from FagersFom,
1961, (X 0.4).

397. Busycon canaliferum (figured hypotype, USNM 403549), Chesapeake, VA 2, (X 0.6).

398. Busycon incile (frgwed hypotype, USNM 403550), Chesapeake, VA 2, (X 0.4).
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PLATE 36

398a. Busycon incile (figured hypotype, USNM 403551), Chesapeake, VA 2, juvenile morphology, (X 0.7).

398b. Szsycon incile ? (holotype of Busycon alveatrun, ANSP 2697), locality unknown, Maryland or Virginia, (X 0.7).

399. Busycon contrarhnn (figured hypotype, USNM 403552),Chesapeake, VA l, (X 3.0).

400. Lyrasomasulcosa (figuredhypotype,USNM403553), Chesapeake,VA2,(X 1.2).

401. Lyrosoma sulcosa multicostata (figured hypotype, USNM 403554), Williamsburg, VA l, (X 1.8).

402. Nassarius consenoides (figured hypotype, USNM 403555), Chuokatuck, VA2, (X2.6).

403. Nassarius quadrulatus (holotype of. Uzita suffolkensis, USNM 3254M), Suffolk, VA, figure from Gardner, 1948,
(x2.e).

4M. Nassmius slacHefordensis (holotype figured, PRI20l), Shackleford, VA, (X 3.5).

405. Ilyanassa granifera (figured hypotype, USNM403556), Williamsburg, VA 3, CX 1.4).

405a. Ilyanassa granifera (figured hypotype, USNM 124951), Yorktown, VA, figure from Gardner, 1948, (X 1.4).

406.. Ilyanassa harpuloides harpuloides (figured hypotype, USNM 403557), Williamsburg, VA 3, (X 1.3).

407. Ilyanassa harpuloides johnsoni (figured hypotype, USNM 403558), Williamburg, VA 3, (X 1.3).

408. Ilyanassa larpuloidcs scalaspira (figured hypotype, USNM403559), Williamsburg, VA 3, (X 1.4).

409. Ilyanassa porcina (figwed hypotype, USNM 403560), Williamsburg, VA 3, (X 1.4).

409a. Ilyanassa procina schyzopyga (figured hypotype, USNM 403561), Williamsburg, VA 3, (X 1.8).

410. Ilyanassa sexdentata (figwed hypotype, USNM 403562), Chesapeake, VA 1, (X 1.1).

410a. Ilyanassa isogramma (holotype figured, USNMI24948), Wilmington, NC, figure from Gardner, 1948, (X 1.4).
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PLATE 37

4ll. Fasciolaria rhomboidea (figured hypotype, USNM 40359), Smithfield, VA 3, (X 0.8).

412. Triplofusus gigantea (drawing from photogaph, specimen from Rice's Pit museum), Hampton, VA (X 0.25).

413. Terebraspira acuta (frglured hypotype, USNM 403565), Chesapeake, VA 2, (X 0.7).

4I4. Fusinus exilis exilis (figured hypotype, USNM 40356), Chesapeake, VA 2, (X 0.7).

4I5. Fusinus exilis burnsii (figured hypotype, USNM 403567),Chesapeake, VA 2, (X 0.7).

416. Fusinus propeparilis (holotype figured, USNM 370828), Zone l, Bellefield, VA, figure from Mansfield,1929,
(x 0.6).

417. Hesperisterniafilicata (figured hypotype, USNM 403568), Chuckatuck, VA 2, (X 1.1).

418. Oliva canaliculata (figared hypotype, USNM 403569), Rice's Pit, Hampton, VA, (X 1.1).

418a. Oliva canaliculata (figured hypotype, USNM 403570), Petersburg, VA 2, (X l.l).

418b. Oliva canaliculata (figured hypotype, USNM 403571), Rice's Pit, Ilampton,YA2, (X 1.1).

419. Olivella ancillariaefonnis (figured hypotype, USNM 403572\,Smithfield, VA 3, (X 3.0).

420. Olivella carolinae (figured hypotype, USNM 403573), Chuckatuck, VA 1, (X 1.9).

421. Olivella mutica (figured hypotype, USNM 403574), Williamsburg, VA 3, (X2.6).

422. Olivella sp. (figured hypotype, USNM 403575),Chuckatuck, VA 2, (X 3.1).
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PLATE 38

423. vexillwn elaboratwn (figured hypotlpe, USNM 403576), williamsburg, vA 3, sEM (x 3.3).

424. vexillumreticulaturn (figures hypotype, usNM403577), Chesapeake, vA l, sEM Cx 5.7).

426. Scaphella solitaria ncei (holotype figured, USNM403578), Rice's Pit, Hampton, VA, (X 1.4).

427. Auriniamutabilis (figured hyporypes, USNM 403579),Chesapeake, VA 2, (X 0.5).

428. Aurinia obtusa (figured hypotypes, USNM 403580), Chesapeake, VA 2, (X 0.6).

429. Aurinia sinuosa (larger hypotype, USNM 403581), Chesapeake, VA 2, (X 0.6); (smaller hypotype, USNM 403657),
Rice's Pit, Hampton, VA, (X 0.6).

430. Cancellaria depressa (figured hypotype, USNM403582), Smithfield VA 3. (1.2).

43I. Cancellaria plagiostoma (holotype figured, ANSP 1609), James River, VA, figure from Gardner, 1948, (X 5.6).

432. cancellariarotunda (figured hypotype, usNM403583), Rice's Pit, Hampon, vA, (x 2.0).

433. Cancellaria (Massyla) rapella (figured hypotype, USNM 403584), Chuckatuck, YA2, (X1.7).

434. Agatrixwilliamsii (holotype figured, USNM 2zM}),Rice's Pit" Hampton, VA, figure from Perit, 1978, (X 2.3).
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PLATE 39

435. Trigonostoma perspectiva (figured hypotype, USNM 403585), Chesapeake, VA 2, (X 1.6).

436. Trigonostoma tenerutn carolinensis (figured hypotype, USNM 403586), Chuckatuck, VA 2, (X 1.5).

437. Trigonostoma smithfieldensl's (holotype figured, USNM 563929) Smithfield, VA l, (figure from Oleksyshyn, 1960),
cx 1.8).

438. Trigonostoma(Extractrix) hoerlei (figured hypotype, USNM 403587), Chuckatuck, YA2, (X2.5).

439. Bullata antiqwr not illustrated

440. Bullata (Microspira) ovifurmis (holotype figured, ANSP 1617), Yorknown, VA, figure from Gardner, 1948, (X 1.5).

440a. Bullata (Microspira) ovifurmis (figured hypotype, USNM 403588), Rice's Pit, Ilampton, VA (X 2.0)

441. Dentimargo aureocincta (figured hypotype, USNM 403589), Smithfield, VA 3, (X 6.4).

442. Dentimargo chcsapealeensrs (holotype figured, USNM 403590), Chesapeake, VA 1, (X 5.2).

44?a. Dentirnargo schmidti (holotype figured, PRI210), Natural Well, NC, (X 3.2).

443. Dentimargo eburneola (figured hypotype, USNM 403591), Smittrfield, VA 3, (X 3.2).

444. Prunwnbellum (figured hypotype, USNM 403592),Smithfield, VA 3, (X 3.2).

445. Prunwnlimatulwn (figuredhypotype,USNM403593), Williamsburg,VA3, (X2.7).

445a. Prunum limatulurn (figured hypotype, USNM 403594), Smithfield, VA 3.

446. Prunumroscidum (figuredhypotype,USNM403595),Chesapeake,VA l, (X2.9).

447. Prunumvirginianwn (holotype figured, ANSP 2514), James River, VA = Smithfield, VA 3, (X 3.9).

448. Gibberula lavalleeana (figured hypotype, USNM 403596), Smithfield, VA 3, SEM (X 5.4).

449. Granula sp. (figured hypotype, USNM 403597r,Chesapeake, VA 1, (X 6.0).

450. Persicula ovula (figwed hypotype, USNM 403598), Smithfield, Ya3, (X2.4).

451. Volvarina tersc (figured hypotype, USNM 403599), Smithfield, VA 3, (X 3.3).

452. Granulina nansfieldi (holotype figured, USNM 403600), Chesapeake, VA l, SEM CX 3.4).

453. Granulina virginiana (holotype figured, USNM 403@1), Smittrfield, VA 3, SEM (X 5.1).
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PLATE 40

454. Conus adversarius (figured hypotype, USNM 403ffi2), Rice's Pit, Hampton, VA, (X 0.5).

455. Conus nnrylandicus (figured hypotype, USNM 403603),Chesapeake, Va 2, (X 0.5).

456. Terbra blalcei (frgaren hypotype, USNM 403604), Rice's Pit, Ilampton, VA, (X 1.0).

457. Terebra concava (figured hypotype, USNM 403605), Chesapeake, VA 2, (X l.l).

458. Terebra emmonsii ernmonsii (figured hypotype, USNM 403606), Rice's Pit, Hampton, VA, (X 1.1).

459. Terebra emmonsii grayi (figured hypotype, USNM 325369),Yorktown, VA, figure from Gardner, 1948, (X l.l).

4ffi. Terebra emmonsii hanptonensis (holotype figured, USNM 403ffi7),Rice's Pit, Hampton, VA, (X 1.0).

461. Terebra indenta (figured hypotype, USNM 403608), Chesapeake, VA 2, (X 1.2).

462. Terebra sp. (figured hypotype, USNM 403609), Chesapeake, VA 2, (X 1.2).

463. Terebra sp. (figured hypotype, USNM 403610), Chesapeake, VA l, (X 1.5).

464. Cochlespira sp. (figured hypotype, USNM 403611), Znne l,Chippoaks Plantation, VA, (X 1.0).

465. Pyrgospira tricatenaria (figured hypotype, usNM 4036r2),chuckaruck, vA 2, (x 1.4).

465a. "surcula nodulifera" (holotype figured, ANSP 30738), locality uncertain, "VA" on Conrad lable, (X 2.5).

46/6,. Mitrolwnna smitlfieldensrs (figured hypotype, USNM 403613),Smithfield, VA 3, SEM (X 8.4).

467 . Mitrolumna yadkinensr's (holotype figured, USNM 403614), Chesapeake, VA l, SEM CX S.3).

468. Drillia (Drillia)chuckatucl<cnsis (holotype figured, USNM 403615), Chuckatuck, VA 2, (X 1.5).

469. Drillia (Clathrodrillia) impressa ftolotype figured, ANSP 1606), James River, VA, figure from Gardner, 1948, (X 2.8).

469a. Drillia (Clathrodrillia'limpressa (figured hypotype, USNM 403616), Smithfield, Va 3, (X 2.S)

470. Inuclava lnlei (holotype figured, USNM 403617), Chuckaruck, VA 2, (X 1.4).

471. Cerodrillia simpsoni cingulata (figured hypotype, USNM 403618), Smithfield, VA 3, (X2.7).

472. Crassispira pyrenoides (holotype figured, ANSP 1602), James River, VA, figure from Gardner, 1948, (X2.1)t.

473. Crassispira (Crassispirella) virginianc (specimen from type lot, ANSP 30589), Smithfield, VA f , (X 1.7).

473a. Crassispira (Crassispirella) virginiana (figwdhypotype, USNM 403619), Smithfield, VA 3, (X1.7).
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475. Sedilia bella (holorype figured, ANSP 1607), Yorkown, VA, figure from Gardner,1948,62.4).

475a. Sedilia bella (frgwedhypotype, USNM 403620), Smithfield, VA 3, (X 2.8).

476. Sedilia belloides (figured hypotype, USNM 403621), James River near Smithfield, Ya3, (X2.7).

477. Sedilia rushmerensis (holotype figured, USNM 352436),Rushinere, VA, figure from Mansfield,1929, (X 3.7).

477a Sediliarushnurensis (figued hypotype, USNM 403A2), Smithfield, VA 3, (X 3.7).

478. Carirndrillia smitlfieldensis (figured hypotype,USNM 403623), Williamsburg, VA 3,(X2.7\.

479. Splendrillia arata (holotype figured, ANSP 1605), Yorktown, VA, figure from Gardner, 1948, (X 2.5).

480. Cymatosyrinx lanata (figured hypotype, USNM 403624), Williamsburg, VA 3, (X 1.2).

481. Cymatosyriw ricei (holotype figured, USNM 403625),Rice's Pit, Hampton, VA, (X 2.1).

482. Bellaspiravirginiana (figured hypotype, USNM403626),Chucktuck, VA 2, (X 1.5).

483. Cornpsodrillra sp. ('type" figured, ANSP 1611), Yorktown, VA, figure from Gardner, 1948, (X 4.0).

4U. Cornpsodrillia eburnea (holotype figured, ANSP 1608), Yorktown VA, figure from Gardner, 1948, (X 3.5).

485. Mangeliaandrewi (holotype figured, USNM 403627),Williamsburg, VA 3, SEM (X 3.0).

486. Cryoturris maesi (holotype figured, USNM 4}3fl8),Chuckahrck, VA 2, SEM (X 4.3).

487. Cryoturris magnoliana (figured hypotype, USNM 403629), Chucknrck, VA l, SEM (X 4.0).

488. Kntziella snithfteldensrs (figured hypotype, USNM 403630), Smirhfield, VA 3, SEM (X 3.1).

489. Glyplwstonuzoster (frgarelhypotype,USNM40363l), Smithfield,VA3, (X4.1).

490. Pygocytlara (Viticytlura) rnitomeris (figured hypotype, USNM 403632), Smithfield, VA 3, SEM (X 8.4).

490a. Pygocythara (Vitricytlwra) metria (figured hypotype, USNM 403633), Chuckatuck, VA 2, SEM (X 6.0).

491. Oenopota pundlzs (lectotype figured, ANSP 13827a), "MD", unknown VA locality, (X 6.0).

492. longclaeus suturalis (figured hypotype, USNM 403634),Chucktuck, YA2,(X2.7).

49?-a. Longclraeus suturalfo (figured hypotype, USNM 403635), Chucknrck, VA 2, SEM (X 12.0).

493. Longchaeus simpkx (figured hypotype, USNM 403636), Smithfield, Va 3, SEM (X 14.8).
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494. Odostomia(Odostomia) alpln ftolotype figured, USNM 403637), 7nrc 1, Williamsburg, VA l, SEM (X 6.5).

4g5. Obstomia (Obstomia)beta Oolotype figured, USNM,+03538), Rice's Pit, Hampton, VA, SEM CX 6.9). 
:\

496. Ofustomia (Odostomia) gcnnma (holotype figured, USNM,t03639), Chesapeake, VA 2, SEM (X 7).

497. Odostomia (Odostomia) epsilon ftolotype frgured, USNM,t03640, Chesapeake, VA 2, SEM (X 10.6)>

498. odostomia) mz (holotype figured, usNM 403641), chesapeake, vA 2, sEM (x 10.7).

499. Odostomia (Chrysallida) granulata (figwed hypotype, USNM 4}3642),Chesapeake, VA 2, SEM (X 9.6).

499a. Odostomia (Chrysallida) granulata (figrred hypotype, USNM 403643, Chesapeake ,V A 2, SEM (X 9.6).

500. Odostomia (Chrysallida) arcleri (figured hypotype, USNM,|03644), Chesapeake, VA 1, SEM (X 8.4).

501. Odostomia (Chrysallida) efa (holotype figured, USNM 403645), Williamsburg, VA 3, SEM (X S.4).

502. Odostomia (Chrysallida) theta (holoryp, figured, USNM N3eq,Chesapeake, VA 2, SEM (X7.4).

503. Odostomia (Chrysallida) zeta (holoryp, figured, USNM 403647), Chuckanrck, VA 2, SEM (X 8.0).

503a. Odostomia (Chrysallida) omiuon (paratype figured, adapernral view, USNM 403690), Chesapeake, VA 2, SEM (X 25.8).

504. Odostomia (Menestho) rora (holotype figured, USNM 403649), Williamsburg, VA 3, SEM (X 6.3).

505. Odostomia (Menestho) miliwn (holotype figured, USNM 403650), Chesapeake, VA 2, SEM CX l7).

505a. Odostomia (Mencstho) miliwt (figrredhypotype, USNM 403651), Chesapeake,YAZ,SEM (X l7).

506. Odostomia (Evalea) diapharu (figured hypotype, USNM 403652), Chesapeake, VA 2, SEM (X 9.2).

507. . odostomia (Evalea) ovula (figtxelhypotype, usNM 403653), chesapeake, vA 2, sEM (x s.z5).

508. Odostomia (Evalea) lambtu (holotype figured, USNM 403554), Chesapeake, VA 2, SEM (X 104).

5@. odostomia (Evalea)nz ftolotype figured, usNM ,t03d55), chesapeak e,y t2, sEM (x 9.4).

510. odostomia(Evalea)xi (holotypefigured,usNM,+03656),chesapeake,yA2,sEM(xs.2).

5ll. Od'ostomia (? Evalha) sculpturata (figuredhyporype, USNM 403653), Chesapeake, VA 2, SEM 6.14.2).
512. Odostomia (Eulimastomia) rlro (holotype figrued, USNM 403659), Smithfield, VA 3, SEM (X12.7).

513. Obstomia (Clesapeakclla) sigma ftolotype figured, USNM 403660), Chesapeake, Va 2, SEM 6.24.5)
514. Odostomia limnia (not illustrated, ANSP missing), yorkown, VA.

515. Odostomia niterc (not illustrated, ANSp missing), petenburgVA l.
516. Odostomiaprotqta (holotype illustrated, ANSP 15631), ymktown, VA, CX 4).

517. Odostomia turbiratus not illustrated

518' Triptychus biseriatus (figured hypotype, usNM 403661), chucknrck, vA 2, sEM (x14.2).

519. Turbonilla (Clvmnitzia) alpla (holotype figured, USNM,t03662), Smittrfield, VA 3, SEM (X S.3).

520. Turbonilla (Chemnitzia) bera ftolotype figured, USNM 403663), Chesapeake ,VA2,SEM (X l4.l).
521. Turbonilla (Striottobonilla) exarata(figured hypotype, USNM 403664), Rice's Pit, Hampton, VA, SEM CX 4.5).

522. Turbonilla (stioturbonilla) subula (figured hypotype, USNM 403665), Smithfield, VA 3, SEM (X 2.5).

523' Turbonilla (StrioturbonillQ deltaQrolotype figured, USNM 403666),Chesapeake, VAz, (X7).

524. Turbonilla (Strioturbonilla) eburrca (figured hypot1rye, USNM 403567), Smiffield, VA 3, SEM (X 5.2).

525. TurbonilIa(Pyrgiscrar) kappa (holotyp, figured, USNM 2m3668), Chesapeake, VA 2, SEM (X 30.3).

526. Turbonilla (Pyrgiscns) diganna (holotype figured, USNM 403669), Smiffield, VA 3, SEM (X 7.5).

527. Turbonillo (Pyrgiscttr) zeta (lrclotyp figured, USNM,t03670), Chesapeake, VA l, SEM CX S.l).

532. Cyclostremella magrcliaru (figured hypotype, USNM 4fl36l-3), Chesapeake. Va 2, SEM (x 19.5).
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528. Turbonilla(Pyrgiscas) eta(holotypefigured,USNM 40367I), Williamsburg,VL2,SEM (X4.2).

529. Turbonilla(Pyrgr,scns) daedaleum not illustraled

530. Turbonilla(Bartschella') rota (holotypefigured,USNM 403672),Chesapeake,VA2,SEM (X6.8).

532. Cyclostremella magnoliana (figured hypotype, USNM 403673),Chesapeake, Va 2, SEM (X 19.5), see Plate 42.

533. Acteon novellus (holotype figured, ANSP 1600), Suffolk, VA, figure from Gardner,1948, (X 6.1).

533a. Acteon novellus (holotype of Acteon novellus nansemondensis, USNM 325367), I mile north of Suffolk, VA, figure
from Gardner, 1948, (X 6.0)

534. Acteon vaughani not illusfiated

535. Ringicula Cuppyi (figured hypotype, USNM 403675), Chesapeake, VA l, SEM CX 10.3).

536. Ringicula sp. (figure from Wally Williams, specimen lost), Rice's Pit, Harnpton, VA, (X 8).

537. Acteocina candei (figured hypotype, USNM 403677), Smithfield, VA 3, SEM (X 3.7).

538. Acteocina mynnecoon (figured hypotype, USNM 403678),Williamsburg, Va 1, (X 3.3).

539. Acteocina lepta(figwedh''potype, USNM403679), Smirtrfield, VA 3, SEM ()K7.7).

540. Cylichna johnsoni (figured hypotype, USNM 403680), Tnne l, Williamsburg, VA l, (X 3.0).

541. Cylichnella sp. (figured hypotype, USNM 403681), Chesapeake, VA 2, SEM (X 9.9).

542. Philine williamsi (holotype figured, USNM 403682), Chesapeake, Va 2, SEM (x 8.6).

543. Hamilnea sp. not illustrated
:.

544. Retusa microtrena (figured hypotype, USNM 403683), Chuckatuck, VA l, SEM (X 18).

545. Retusa chesapeal<cnsrs (holotype figured, USNM 403684), Chesapeake, VA 2, SEM (X ll.4).

546. Valvulella cylindra (holotype figured, ANSP 1554), Petersburg, VA l, figure from Gardner, 1948, (X 6.0).

546a.Volvulella cylindra (figured hypotype, USNM 403685), Smithfield, VA 3, SEM (X 6.0).

547. Ltn1q9lnqc\esapgalrcnsis (holotypefigured,USNM403686),Chesapeake,VA2,planorbidholotypeadult,sEM(X29);
q!_Uiltqal,view, SEM (X 25), specime4 subsequently disintegrated; high spired juvenile paratype, (USNM
403687r, SEM (x 78); unfigured pararype, (USNM 403689). -

548. Creseis acicula (figured hypotype, USNM 403688), Chesapeake, VA 2, (X 9).

549. Hyalocylis stiata Chesapeake, VA 2, specimen lost, figure from Abbott, 1974.

550. Cavolinia uncinata Chesapeake, VA 2, specimen lost, figure from Abbott, 1974.

551. Cavoliniaventricosa Rice's Pit,Ilampon, VA, specimen lost, figure from Abbott, 1974.

552. Viviparus sp. not illustrated

553. Viviparus sp. (figured hypotype, USNM 403691), Chesapeake, VA l, (X 1.3).

554. Viviparus sp. not illustrated

555. Lioplax sp. (figured hypotype, USNM 403692), Chesapeake, VA l, (X 1.4).

556. Incertasedr's (figured hypotype, USNM 403693), Chesapeake, VA 2, (X 1.5).
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