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I. ABSTRACT 

Over 80 Eocene molluscan species have 
been identified from the Southern Aggre­
gates Orangeburg quarry near Cross, 
South Carolina, doubling the total re­
ported fauna from the Santee Limestone. 
Use of latex peels and casts greatly facili­
tated the identification of leached aragoni­
tic species. Some supposed endemics 
proved to be synonymous with Gulf Coast 
species. About 50o/o of the molluscan spe­
cies collected at this qua r ry are also found 
in the Cook Mountain F ormation and 35% 
are found in the Gosport Sand. The 
faunule from the nearby Martin Marietta 
Berkeley quarry is similar. The chronolog­
ical ranges of some species found at these 
localities differ betwee n South Carolina 
and the Gulf Coast. S ome distinctive en­
demics are present , including a new 
genus, Santeevoluta (Volutidae), as well as 
taxa previously known solely from the Gulf 
Coast or Florida. 

Younger deposits a re p resen t in the 
Giant Portland quarry , near H arleyville, 
South Carolina. Taxa include the new spe­
cies Batequeus ducenticostatus (Pectin­
idae) . Additional materia l from the Martin 
Marietta Georgetown a n d Southern 
Aggregates Jamestown quarries, near 
J amestown South Carolina, represents a 
deeper water facies of the Santee Lime­
stone. 

II. INTRODUCTION 

Although the Eocene m a r ine deposits in 
South Carolina have been known as long 
as those of the Gulf Coast, they have re-
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ceived much less study. This is partially 
because of nature of the deposits. Today 
the type locality of the Santee Limestone at 
Vance's Ferry is mostly under Lake Mar­
ion (Cooke and MacNeil, 1952). Current 
exposures are primarily in limestone quar­
ries and, because of mining operations, ac­
cessibility is relatively ephemeral. Erosion, 
diagenesis, and poor preservation all have 
discouraged stratigraphic work in the At­
lantic Coastal Plain (Owens, 1992). 

The planktic foraminifera and nanno­
fossils of the Eocene limestones of the Car­
olinas remain poorly known in comparison 
to those of the Gulf Coastal Plain. 
Foraminiferal and nannofossil correlations 
between these regions are currently in­
adequate and, in some instances, even 
contradictory (Laws, 1992). Likewise, mol­
luscan biostratigraphic data for the Eocen e 
limestones of the Carolinas, Georgia, and 
Florida remain sparse and are commonly 
limited to tentative identifications. In most 
cases, the synchronicity between ranges of 
potential index species in the Gulf and At­
lantic Coastal Plains remains untested. 
Planktic microfossils are more accurate 
biostratigraphic markers than are the m ol­
luscs being uninfluenced by substrate dif­
fere~ces and less prone to regional di ­
achronisms. However, microfossils tend to 
be poorly preserved in samples from the 
quarries, and cores are often difficul t to 
correlate with quarry outcrops. Thus, 
macrofossils must be used for biostratigr a ­
phy of these beds until microfossi l and 
macrofossil occurrences are better corre­
lated. 
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The present study aims to provide more 
accurate and more complete taxonomic in­
formation on the molluscan faunas of the 
Eocene Santee and "Cross" formations of 
South Carolina in order to build a founda­
tion for future, more detailed biostrati­
graphic comparisons. Preliminary assess­
ments of biostratigraphic significance are 
offered for certain taxa and for molluscan 
faunas as a whole. Although limited by 
time averaging and incomplete knowledge 
of both species composition and biofacies 
controls , the present faunal comparisons 
provide a tentative basis for regional tem­
poral correlation. 

III. PREVIOUS WORK 

Various workers have examined South 
Carolina Eocene faunas since their discov­
ery about 1830. Lyell (1845) generally is 
considered the first to have recognized the 
Eocene age of the "white limestone of 
South Carolina." Conrad (1848a, 1848b) 
briefly described several mollusks from 
the collections of a Mr. Vanuxem from the 
"Orangeburg District," and this region has 
remained important for the Eocene of 
South Carolina. Tuomey (1848) and Sloan 
(1908) discussed these strata in their works 
on South Carolina geology. Harris in Van 
Winkle and Harris (1919) described some 
Eocene bivalves from the Santee Lime­
stone. Cooke (1936) provided brief species 
lists for several Eocene localities in South 
Carolina, and Harbison (1944) reported 20 
molluscan species from the Santee Lime­
stone . 

Cooke and MacN eil (1952) redefined the 
McBean Formation and Santee Lime­
stone , restricting them to the Cubitostrea 
sellaeformis range zone (not a permissible 
method of defining lithostratigraphic units 
by current stratigraphic rules) , redefined 
the Castle Hayne Limestone as a Gosport 
Sand equivalent, and applied the names 
Santee and Castle Hayne to beds in both 
North and South Carolina. Unlike Cooke 
and MacNeil, Pooser (1965) used lithologic 
definitions for the Eocene formations of 
South Carolina, in accord with modern 
stratigraphic rules. Palmer and Brann 
(1965-1966) noted 45 molluscan species re­
corded from the Santee Limestone. 

Banks (1977) recognized several 
lithozones in the Santee Limestone and 
suggested that lower Lisbon Formation 

and Gosport Sand equivalent beds were 
present, but did not name them. A flurry of 
papers from 1978 to 1982 named several 
members and formations in the Middle E o 
cene to Lower Miocene of North and 
South Carolina (Baum, Harris, and Zullo 
1978, 1979a; Ward, Lawrence, and 
Blackwelder, 1978; Ward et al., 1979 
Baum et al. , 1979, 1980; Baum, 1980, 1981 
Ward and Blackwelder, 1980; Powell anc 
Baum, 1982). Although faunal lists a n_ 
often supplied in these papers, they we re 
intended for stratigraphic rather than taxo 
nomic purposes. In the South Carolina E o 
cene, all of these papers use the name 
"Santee Limestone" for the hard, moldic 
Middle Eocene limestone in South Caroli­
na. The softer, younger limestone in South 
Carolina, called "Castle Hayne" by Cooke 
and MacNeil (1952), is referred to as the 
Cross Member of the Santee Limestone or 
the Cross Formation, but this designation 
is not stratigraphically valid. The 
stratotype of the Cross Member is actually 
lithologically similar to the typical Santee 
Limestone (L. W. Ward, pers. comm. ). 
Text-figure 1 summarizes current views of 
the Eocene stratigraphy of the limestones 
of South Carolina. 

Although current workers seem to agree 
that the contact between the Santee Lime­
stone and the "Cross Formation" is 
chronologically equivalent to the upper 
Lisbon Formation-Gosport Sand contact in 
Alabama , no consensus exists on the age of 
the basal Santee or youngest "Cross ." 
Also , the confusion over definitions of 
stratigraphic units makes it difficult to de­
termine how a given sample fits into any 
particular stratigraphic scheme. For exam­
ple, because there are two slightly differ­
ent uses of the name "Cross," one must es­
tablish the actual beds sampled before 
fauna] lists from the "Cross Formation" 
can be interpreted. Most stratigraphic 
units in the region were defined in out­
crop, whereas microfossils are often better 
preserved in cores, which must be corre­
lated to the stratotypes. Thus, any stratig­
raphic chart of the Eocene of South Caroli­
na must presently be considered tentative. 

One particular difficulty in correlating 
these faunas has been the diachronous ap­
pearance of traditional index taxa in South 
Carolina and the Gulf. Dockery and Nys­
trom (l 992a), in a study of the molluscan 
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faunas of the upper Coastal Plain of South 
Carolina, noted the presence of Gosport 
S md index species such as Glyptoactis al­
ti ·ostata and Crassatella alta in the Santee 
L mes tone, along with the Cook Mountain 
Form ation and upper Lisbon Formation 
i idex species Cubitostrea sellaeformis. 
' '1ey suggested that the w a r m current 
f Jwing through the Gulf Trough would 
t ve been an effective barrier to dispersal 
r •tween the warm carbonate province of 
t ~ southeastern states and the turbid clas­
~i province of the Gulf Coast. T hus, Glyp­
tc actis alticostata and Crassatella alta 
seem to have evolved in the carbonate 
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province in the late Claibornian a n d in ­
vaded the elastic province only in the latest 
Claibornian. 

In contrast to the 50 or so species re­
ported in the literature from the Santee 
Limestone, this study has found over 80 
molluscan species at the Southern Aggre­
gates Orangeburg quarry alone and over 
120 molluscan species from the Santee 
Limestone (excluding the "Cross" Member 
or Formation). Approximately half of the 
molluscan species in my collections from 
the Eocene of South Carolina have not 
been previously reported from the state. 
Also. some taxa previously described from 
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Text-figure 1. Eocene stra tigraphy of South Carolina. ~ittle consensus ex.ists on no­
menclature and correlation. Adapted from Zullo and Harns (1987, P· 197-214), Rossbach 
and Carter (1989, correla tion chart); Ward and Powars (1991, P;, 161-201);,,and Fallaw an~ 
Price (1992, p. B-II-1 _ B-II-33). The quotation marks around McBe~n reflect ,~oubts,', 
raised by Fallaw and Price, about the use of this n.ame. Also, the use of the name Cross 
is in doubt as the stratotype is part of the Santee Limestone (see text). 
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molds are junior synonyms, mostly of Gulf 
CoasL species . Both the Santee and 
"Cross" faunas include undescribed spe­
cies. 

IV. LOCALITIES STUDIED 

Specimens examined in this study were 
collected at six localities in south-central 
South Carolina (Text-figure 2), in Dorches­
ter, Orangeburg, Berkeley, and George­
town counties. The "McBean Formation" 
and Orangeburg District bed are updip 
(i.e . , west and slightly north) of the Santee 
Limestone localities. Some comparison 

material was obtained from "McBean For­
mation" deposits, including both the 
silicified shell-bearing Orangeburg District 
bed and a lower moldic limestone to cal­
careous marl bed, at the Dockery and Nys­
trom (1990, 1992a) locality N-25. The "Cross 
Formation" specimens are from the Giant 
Portland cement quarry (GP) between 
Holly Hill and Harleyville in Dorchester 
County. Santee Limestone material was 
obtained from the Southern Aggregate 
Orangeburg quarry (SAO) and the Martin 
Marietta Berkeley quarry (MMB), n ea. 
the town of Cross, S. C.; and the Martin 
Marietta Georgetown quarry (MMG) and 
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Text-figure 2. Localities represented in this study. The box on the inset indicates the 
area of the main map. 

A = Giant Portland Quarry 
B = Southern Aggregates Orangeburg Quarry 
C = Martin Marietta Berkeley Quarry 
D = Martin Marietta Georgetown Quarry 
E = Southern Aggregates Jamestown Quarry 
F = Dockery and Nystrom locality N-25 
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the Southern Aggregates Jamestown 
q 1arry (SAJ), near Jamestown , S.C. All 
11 ur quarries are mined for crushed stone. 
~ )ecimens from the quarri es were, of 
"1 'Cessity, collected only from boulders 
; 1d spoil. However, the abundance of 
( ubitostrea sellaeformis in the boulders at 
< AO and MMB establishes their general 
I cation in section. 

T he Santee Limestone is indurated and 
•ry moldic, with common glauconite. It is 
p ical ly gray but may be white , often with 

"a nge iron stains. Aragonitic shells are 
•ached, leaving well-preserved molds, 

'Vhereas calcitic shells are preserved. 
VIo lds are frequently hard to identify, but 
iquid latex can be used to make casts that 
ffe more readily identified. Also, a mold in 
t large boulder may not be feasibly ex­
rc.u.:ted with a chisel, and so a latex cast 

rn ay be the only practical method of col­
lecting some specimens. 

The "Cross Formation " limestone is less 
indurated than the Santee Limestone. It 
a lso contains abundant molds and calcitic 
or phosphatic fossils. Unlike the Santee 
Limestone, it is consistently creamy white. 
Wi th weathering, boulders often develop a 
Lhin, black coating. Probably because of its 
poor induration, the "Cross Formation'' 
has fewer well-preserved molds than the 
Santee. 

V. RESULTS 

. Due to wide variations in species diver­
sity at each locality, percent overlap(# of 
species in common/# of species at the lo­
cality, essentially Simpson's Index 2 / Fre­
deriksen, 1980 /) was used to determine the 
best correlation. Table 1 shows the corre­
lations for the primary localities in this 
study and for the Santee Limestone as a 
whole. Other faunas that show at least a 
2()<1< ovPrlap with one or more of the 
studiPd South Carolina Eocene as­
semblages are included. 

The well-collected molluscan faunas 
from the C1tbitostr<.>n sellaeJorrnis zone of 
tlw S,mtee Limestone correlated best to 
faunas from the upper Claibornian Cook 
Mountain Formation. For SAO, the over­
lap with the Cook Mountain Formation 
fauna (5()</r) is grpater than the ovPrlap 
with published faunas from the Santee 
Limestone (maximum 27<1< ), reflecting the 
poor knowledge of South Carolina faunas. 
The affinities of the MMB fauna are similar 
to those of the SAO fauna. /Much of the 
Gulf Coast range data come from Pa lmer 
and Brann (1965-l~)()G). As the name "Lis­
bon Formation" is preoccupied, they refer­
red records from the upper Lisbon Forma­
tion of Alabama to the Cook Mountain For­
rnation. Therefore, the Cook Mountain 
and upper Lisbon formations are together 
in th<.' tcibk'. / 

TABLEl 
MAJOR CORRELATIONS-PERCENT OVERLAP 

Locality SAO MMB 

SAO 100.0 95.8 
MMB 38.3 100.0 
Gosport Sand 40.0 33.3 
Cook Mt., upper Lisbon Fms. :53.3 62.5 
Castle Hayne Ls. 38.3 66.7 
Orangeburg District bed 41. 7 29.2 

1umber of species 60 24 

all Santee 

98.4 
39.3 
39.3 
54.1 
37.7 
41.0 

61 

These figures do not include undescrbed species or taxa not yet identified to species. 
All Santee = all Santee Limestone, Cubitostrea sellae.forrnis zone records from this 

<.;tudy. 
Gosport Sand, Cook Mountain Formation, and upper Lisbon Formation records from 

0 a lmer and Brann (1965 , 1966) and Dockery (1980). Orangeburg District bed records 
fro m Dockery and Nystrom ( 1990, 1992a) and the present collections. Castle Hayne Lime­
stone records from the present collections. 
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The faunas from MMG, SAJ, and GP are 
not adequately documented to draw firm 
conclusions about their overall affinities. 
Most species identified from MMG and 
SAJ are also known from SAO and MME. 
However, patterns of abundance are diffe­
rent, with many rare or absent at the more 
inland localities (SAO and MME) but com­
mon at MMG and SAJ. These species tend 
to be common in the Castle Hayne Lime­
stone near Wilmington, N.C., equally dis­
tant from Eocene nearshore deposits. 
Probably, these species favored deeper 
water environments. The GP fauna seems 
distinct from the other South Carolina fau­
nas. It correlates best with faunas from the 
lower Jacksonian Moodys Branch Forma­
tion (9 taxa identified to species, 4 also in 
Moodys Branch, 2 also in Gosport), but the 
low number of species limit the reliability 
of these conclusions. 

The faunas of the Santee Limestone and 
the "Cross Formation" appear strongly in­
fluenced by the warm current flowing 
through the Gulf Trough (Popenoe et al. , 
1987). In addition to producing a tempera­
ture gradient, the current would have pro­
vided a route of invasion for Tethyan taxa. 
The offshore carbonate environment of the 
Carolinas formed a distinct province from 
the Gulf Coast in the Eocene (B. Carter, 
1987), though the elastic province of the 
inner Coastal Plain of South Carolina may 
have provided a bridge for Gulf Coast spe­
cies to reach the carbonate province and 
vice versa. 
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VII. SYSTEMATIC PALEONTOLOGY 
OF SELECTED TAXA 

Over 350 species of mollusks are know 
from the Eocene of South Carolina, eithe 
from literature records or from my collec 
tions . Among these, this paper discusse 
several species that are inadequately de 
scribed in literature. These include specie 
with regional synonyms, frequently m is 
identified species, and forms with wide 
geographic or chronological ranges tha 
previously thought. The synonymies in 
elude the original descriptions as well a, 
references not found in Palmer and Bram 
(1965-1966). 

A question mark in front of a specie 
name indicates uncertainty in synonymi7 
ing the name with the species under dis 
cussion, whereas a question mark by a 
author's name indicates uncertainty of the 
validity of the record (usually species re 
ported without figures or description). P e r 
sonal observation of some collections h a 
allowed me to assess some records such a 
the Sloan collections at the USNM, de 
scribed by Vaughan (in Veatch a n 
Stephenson, 1911); the Cooke collections c 
the USNM, cited in Cooke (1936) a n 
Cooke and MacNeil (1952); the Sante e 
Cooper Canal collection of Richards at th 
ANSP described in Harbison (1944); a nc 
the Dockery and Nystrom Orangebuq.~ 
area collections (cited in Dockery and Nys­
trom, 1990, 1992a, 1992b). Some of the 
Banks and Powell field collections are a 
the University of North Carolina-Chape 
Hill. These were part of the material usec 
to make the species lists in such works as 
Banks (1977), Baum (1980), Baum et al 
(1980), Howe (1987), and Powell and Baun 
(1982) ; however, they did not indicate 
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which specimen was the basis for which 
published record. 

Phylum MOLLUSCA 
Class BIVALVIA 

Subclass PTERIOMORPHIA 
Order PECTINOIDA 

Superfamily PECTINOIDEA 
Family PECTINIDAE 

Genus CHLAMYS Roding, 1798 
CHLAMYS (AEQUIPECTEN? ) CACAWENSIS 

(Harris) 
Plate 1, figure 1 

Pecten cawcawensis HARRIS , 1919 , Bulls. 
Amer. Paleontology, v. 6 , p. 27, pl. 15, figs. 
1-7. 

Pecten (Ch larnys) rnernbranosus Morton. HAR­
BISON, 1944, Acad. Nat. Sci . Phila., Not. 
Nat., no. 143, p. 3, pl. 1, fig. 5 !not P. mem­
branosus Morton , 1833 I. 

Chlamys cawcawensis (H arris). PALMER 3nd 
BRANN, 1965, Bulls. Amer. Paleontology, v. 
48, p. 81; TOULMIN , 1977, Geol. Survey 
Alabama, Monograph 13, p. 313, 354 !in part, 
not Jackson records I; ZULLO and HARRIS, 
1987, Cushman Found . Foram. Research 
Spec. Pub!. 24, p. 207 ; DOCKERY and NYS~ 
TROM, 1990, Proc. Second Bald Head Island 
Conf. (conference ve r sion), p. 86; DOC­
KERY C:lnd NYSTROM, 1992a, ibid. (revised 
version), p. 95. 

Not Chlarnys cawcawensis (Harris). GLAWE, 
1974, Georgia Geo!. Sur vey Inform. Circ. 46, 
p. 8; TOULMIN , 1977, Geo!. Survey 
Alabama, Monograph 13, p . 313, 354 [in part, 
Moodys Branch record s J, pl. 54, f'igs. 12, 13; 
BAUM, HARRIS , and ZULLO, 1979, in G.R. 
BAUM, W.B. HARRIS , and V.A. ZULLO 
(eds .) , Structural and Stratigraph ic Frame­
work for the Co3stal Plain of North Carolina, 
p. 9; BA UM et al., 1979, ibid., p. 89, 91; 
BAUM et ctl., 1980, South Carolina Geology. 
v. 24 , no . 1, p. 2:3; POWELL and BAUM, 
1982, Geol. Soc. Amer ., Bul l., v. 93, p. 1101, 
1105. See Chlamys ( Aequipecten ) n. sp. 

Not Chlamys aff. C. cawcawensis (Harris). 
BA UM , HARRIS , and ZULLO, 1978, South­
eastern Geo! ., v. 20, no . 1, p . 11; BAUM. 
HARRIS, and ZULLO, 1979, in G.R. BAUM. 
W.B. HARRIS , and VA. ZULLO (eds. l. 
Structural and Stratigraphic Framework for 
the Coastal Plain of' North Carolina, p. ~); 
BAUM, HARRIS , <rnd ZULLO, 1979, ibid .. 
p. 101 ; BAUM, 1981 , Southeastern Geol., v. 
22, no. 4, p. 181. See Chlamys (Aeq?Lipecten) 
n . sp . 

Discussion: Baum et al. ( 1979, p. 89) 
listed Chlamys cawcawensis among "the 
fauna ! e lements which have generated the 
greatest confusion " in the Eocene of the 

Carolinas. Harris (1919) obtained the syn­
types of C. cawcawensis from the "Mc­
~~a.n Formation" (probably not the 
s1bc1fied Orangeburg District Beds of Doc­
kery and Nystrom, 1992a). However these 

. ' 
specimens are poorly preserved. Harris 
also figured a complete specimen from 
Alabama (1919, pl. 13, fig. 8) and suggested 
that it might be a variety of C. cawcawen­
sis. Many later authors have used this 
specimen in their species concept (e.g., 
Toulmin, 1977, whose specimens from the 
Moodys Branch Formation closely resem­
ble this one). The Alabama specimen is not 
conspecific with the syntypes, having 
smooth, uniform primary ribs, whereas 
true C. cawcawensis has fine concentric 
sculpture on the primary ribs, which bifur­
cate irregularly. 

The name has been widely misapplied to 
a younger species common at GP, as dis­
cussed below. Both species have narrow 
interspaces, although those of true 
Chlamys cawcawensis are wider than 
those of the undescribed species. My spec­
imens of this taxon are from SAO, MMB , 
and a locality with silicified shell north of 
Orangeburg, S.C. 

CHLAMYS (AEQUIPECTEN) sp. 
Plate 1, figure 2 

Chlamys n. sp. ZULLO and HARRIS, 1986, in 
D.A. TEXTORIS (ed.), SEPM Field 
Guidebook, Southeastern United States, p. 
258,261,263,fig. 5G. 

Chlamys ( Aeqnipecten) n. sp. ZULLO and HAR­
RIS. 1987, Cushman Found. Fornm. Re­
search, Spec. Publ. 24, p. 207, 209, 210. 

Chlmnys n. sp. aff. C. deshayesii (Lea) . COOKE 
and MACNEIL, 1952, U.S. Geol. Survey, 
Prof'. Paper 243-B, p. 26; POOSER, 1965, 
Univ. Kansas Paleont. Cont., Arthropodc.i, 
art. 8, p. 18. 

Chlumys cawcawensis (Harris) . BAUM, HAR­
RIS, and ZULLO, 1979, in G.R. BAUM, 
W.B. HARRIS, and VA. ZULLO (eds.), 
Structural and Stratigraphic Framework fo r 
the Coastal Plain of North Carolina, p. 9; 
BAUM et al .. 1979, ibid., p. 89. 91; BAUM et 
al., 1980, South Carolin a Geology, v. 24, no. 
1, p. 23; POWELL and BAUM, 1982, Geo!. 
Soc. Amer., Bu ll. . v. 93, p. 1101, 1105. 

Chlumys aff. C. cawcawensis (Harris). BAUM, 
HARRIS, and ZULLO, 1978, Southeastern 
Geol., v. 20, no. 1, p. 11; BAUM, HARRIS, 
and ZULLO. 1979, in G.R. BAUM, W.B. 
HARRIS, and VA. ZULLO (eds.), Stru c­
tural and Stratigraphic Frnmework for the 
Coastal Plain of' North Carolina, p. 9; BAUM, 
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HARRIS, and ZULLO, 1979, ibid., p. 101; 
BAUM, 1981, SoutheC:.lsLern Geol., v. 22, no. 
4, p. 181. 

Di.scussion: The "Chlarnys cawcawen­
sis" of the "Cross Formation" and upper 
Castl e Hayne Limestone (New Bern or 
Spring Garden) is an unnamed species 
with wide, low, arched, regular ribs unlike 
the uneven , elevated, flat, bifurcating ribs 
of Harri s's species (Zullo and Harris, 1987). 
The new species is moderately common at 
GP and is also present at various localities 
in North Carolina. It lacks the intercostal 
riblets of true C. cawcawensis and of the 
Gulf Coast taxon of Harris (1919, pl. 13, fig. 
8) and Toulmin (1977, pl. 54, figs. 12, 13). 

Powell and Baum (1982) cited Chlarnys 
cawcawensis as an index fossil that indi­
cates a Jacksonian <'-lge for the "Cross For­
mation." Baum, Harris, and Zullo (1978) 
recognized that the Jacksonian species 
were not C. cawcawensis, and referred to 
the species from the upper Castle Hayne 
as Chlarnys aff. C. cawcawensis, but many 
subsequent publications missed the "aff." 

CHLAMYS WAHTurmEANA Dall 
Plate 1, figures 3-7 

Pt>cten (Chlamys) wahtubbeana DALL , 1898, 
Trans. Wagner Free Inst. Sci. Phila ., v. 3, pt. 
4, µ. 736, pl. 34, fig. 9. 

Prcten wahtubbecmns Dall. ?VAUGHAN in 
VEATCH and STEPHENSON , 1911 , Geor­
gia Geol. Soc., Bull. 26, p. 240 (very small ju­
ven il e). 

Chlu:rnys uxiutnbbearw Dall. ?COOKE and MAC­
NEIL, 1952, U.S. Geol. Survey, Prof. PC1per 
243-B, p. 24; ?POOSER, 1965, Univ. Kansas 
Paleont. Cont., Arthropoda, art. 8, p. J 8; 
?POWELL and BAUM, 1982 , Geol. Soc. 
Amer., Bull., v. 93, p. 1100. 

Chlumys wahtnbbearw Dall. PALMER and 
BRANN, 1965 , Bulls. Amer. PC:.lleontology, v. 

48, p. 88; TOULMIN, 1969, Trans. Gulf Coast 
Assoc. Geol. Soc., v. 19, p. 472; TOULMIN , 
1977, Geol. Survey Alabama, Monograph 13, 
p. 245 , 354, pl. 33, figs. 17, 18; DOCKERY 
1980, Mississippi Dept. Nat. Res., Bull. 122 
p. 155, pl. 47, f'igs . 1, 2, 5; ZULLO and HAR­
RIS, 1987, Cushman Found. Foram. R e 
se<:lrch, Spec. Publ. 24, p. 207. 

Chlamys UXLutubbea.nna lsicl (Dall). POWEL L 
and BAUM, 1982, Geol. Soc. Amer. , Bull. , v. 
93, p. 1105. 

Pecten (wahtnb/Jearms var. ? ) Willco:x:ii DALL 
1898, Trans. Wagner Free Inst. Sci. Phila ., v 
3, pt. 4, p. 737 ' pl. 29, fig. 4. 

Chlarnys wahi?lbbeana willco:x:i (Dall). PALMEI' 
and BRANN , 1965, Bulls. Amer. Paleontolc 
gy, v. 48, p. 89. 

Pt>cten biddleana KELLUM, 1926, U.S. Geol 
Survey, Pro!'. Paper 143 , p. 8, 11, 20, pl. 2 
fig. 4; HARBISON, 1944, Acad. Nat. Sci 
Phila., Not. Nat., no. 143, p. 3, pl. 1, fig. 5. 

Chlamys biddleana (Kellum). PALMER an d 
BRANN, 1965 , Bulls. Amer. Paleontology , v. 
48, p. 80. 

?"Pecten sp. cf. biddleana?" Kellum. DUBAR et 
al., 1980, in R. W. FREY (ed.), Excursions in 
Southeastern Geol., v. 1, p. 234; J. CARTER 
et al. , 1988, N orih Carolina Geol. Survey , 
Bull. 89 , p. 26. 

'?Chlarnys rnernbrarwsa (Morion). WARD et al. , 
1978, U.S. Geol. Survey, Bull. 1457-F, p. F9. 

?Pecten niernbrcmosus Morion. RICHARDS , 
1950, Amer. Philos. Soc. , Trans. , n. s., v. 40 , 
pt. 1, p. 15, 18, fig. 63d (as rnernhrabosus lap­
sus calami); WARD and BLACKWELDER, 
1980, in R. W. FREY (ed.), Excursions in 
Southeastern Geol., v. 1, p . 202. 

"Pecten" sp. WARD , 1985, U.S. Geol. Survey , 
Prof. Poper 1346, p. 49, pl. 6, f'ig. ~i I not figs. 
1, 21. 

Discussion: This species is especially 
common in the collections from MME and 
SAO and previously has been reported 
from the Santee Limestone and "McBean 
Formation." The type locality is Wautub-

PLATE 1 

Measurements are greatest length (1), height (h), or diameter (d) of the specimen. Origi­
nal dimensions of incomplete specimens were not reconstructed. 

1. Chlarnys cawcawensis, original shell, SAO; UNC 15231; 25. 7 mm (h). 
2. Chlarnys (Aequipecten) sp. nov., original shell, GP; UNC 8458a; 39.2 mm (1). 
3. Chlarnys wahtubbeana, original shell, MME; specimen lost; 23.3 mm (h). 
4. Chlarnys wahtubbeana, original shell, MME; specimen lost; 22. 7 mm (h). 
5. Chlarnys wahtubbeana, original shell, MME; UNC 8350; 22.2 mm (w). 
6. Chlarnys wahtubbeana, original shell, MMB; UNC 8363; 27.1 mm (h). 
7. Chlarnys wahtubbeana, original shell, MME; UNC 12267; 24.0 mm (h). 
8. Batequeus ducenticostatus, paratype, original shell, GP; UNC 12248a; 38. 7 mm (h). 
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'>l'l', Mississippi. but th<' original spelling of 

the s pl' l'tvs Wet'.-. v.:ith an 'h' clue to the "bad 
nrt li m!;raphy of thl' collector" ac ·orcling to 
H c1 r r is f 1~)19, p. 21 l . Harris (ibicl.) observed 
that " this species is extremely variable in 
a ppt' <1rcrnce. evc·n ;-it the type locality .. , 
Hi ght ;_111cl left valves commonly show diffe­
r ·n t sculpture, ancl the pattern of' sculp­
tun' 011 a single valve may show considera­
fJlc· ontoge:·rH:'tic change. 

Tlw rangl' of' variation includes Chlamys 
wulitul>hecrnu 1cill('o:ri (Dall, 1898) and 
Clrlc1111ys hic/(ll<.'mrn (KL·llurn, 1926). The 
typL' of' C. l>iclcllf>CllW i'.-. eroded, making it 
<1ppL'<tr somewhat di f'f'C!r 'nt from well-1 re­
Sl' J'VL'd spc•cinwns. F'requently, t hl' ribs of' 
C. 111uht11l>lwnn<1 develop ;_1 tricarinate f'orm, 
with Cl>l1Cl'ntr1c sculpture ranging from 
fi nc prick le'.-. lo overlapping laminae exagg­
eratL•d lo tht• exclusion of' other sculpture. 
Otlwr SJJL'cinwns lwve reduced the ribs to 
th rl1acls. 

All spec1rnt>11s observed in this study 
lrnvl' about 15 ribs and arc somewhat 
lo11gcr than wide. Various authors have re­
p<> rt L' cl f'o rm s w i t h 111 o r c or f'e w er r i b s : <' . g . . 
\(tric•ly "lirn111.'>" as used by Harris (1919) 
and Howbr1c! ( 19:3Gl: "Pecten'' sp. of Ward 
( 1~)85. µl. 5, fig. 1 l: C. 9ilbert11nn-isi Tucker 
( EJ:~ l l (c1 .iunior homonym; renamed C. bf>­
l'erlyi Tucker, 19:34 l_ Judgint!, by the lack 
of' v;1ri;1lio11 in rib nun1ber seen in C. 
wulit ublJecnw. these probably represent 
d isl met spccies. 

Ward c>I ul. (1~)78l and W;wc! <me! 
Blciclnvl'ldl'r ( 1~)80) synonymizecl C. 
1cuht11bbeu1w with C. membnrnosu (Morton. 
1 H:~:~ l. A~ r ' 'ognizc•d by Cooper ( 1981, cited 
111 Zullo and Harris, l~l87l, the latter is a 
distinct taxon common in the Sc.mte ' and 
C<1st It• I Liyne Linwstones. The type lot of 
Chlumys rnernbnrnosn (Morton) consists of' 
;1bout a doZL'n specimens. They are a1l 
s n 1<l 11 er, rn or l' cir cu l<-1 r in o u l 1 i n c, a 11 cl mo n _' 
con\'L'' tlwn C. iculitubbenna. with nurncr­
ous (about 40! fine. thre<'lcl-like ribs. No 
dcs ig11<1l1011 of a kctoty pc h<1s been found, 
hut 11011' arc c:onsp ·cific with C. wahlub­
b <' u 11 n _ I can n o t t c: 11 w h i c h f'o nn s W <: U" cl e t 

ell. ( 1978! intended to synonymize. 

Genus BATEQUEUS 
Squires and Demetrion, 1990 

BATEQUEUS DUCE! TICOSTATUS sp. nov. 
Plate 1, f'igure 8; Plate 2, figures 1, 2; 

Plate 3, figures 1, 2 

Ch la mys n. sp. COOKE and MACNEIL, l U>" 
U S. Geo!. Survey. Prof'. Paper 24:3-B, µ. 2; 

'?Chlnmys coconrw Dall. COOKE and M: C 
NEIL, 1952, U.S. Geol. Sur·vey, Prof'. Pai r 
213-B, p. 26. 27; PALMER and BRAI\ ' 
1965, Bulls. Arner· . Paleontology, v. 48, p. h 

'?Pecten coconnusDall. WARD et al., 1979, Soi i 

Carolina Geo!. Notes, v. 23, p. 23, 32; WAI 
and BLACKWELDER 1980, i11 R. W. FRr 
feel. J. Excursions in South astern Geo!.. v ' 
p. l DG; DUBAH et al., 1980, ibicl., v. 1, p. 2:3l1 

'?Clilnmys cf'. C. cucocnrn (Daill. POWELL <md 
BA UM. 1982. Geo!. Soc. Amer., Bull., v. ~ ).I 

p. 1105. 

Descnpl ion: Adult shell produced posterior i 
adult height slighll.v less than length (rnaxirnu 
55 mm l. juvenile taller than long. Anterior mu 
cle with fine rncli<1l sculpture, concenlric grow 
lines prominent near byssal notch; b,vssal note ! 
shallow: dorsal margin slr-aighl or slightly co t 
cavt..'; posler·ior auricle with very faint, Cine re 
dial sculpture. narrow and small r than anteric 
<rnricle. Shell thin. Left valve sculpture of' abcn 
25 primary radial ribs, which may bif'urc<1te; f'ir · 
intercalary ribs (s(:'conclary ribs! appear at abot 
5 to 6 mm below beak and become equal to th 
primary ribs in size (about 0.5 mm wide al vet 
tral margin in aclultl, later intercalar.v ribs (tert 
ary ribs) r·emaining narrower rn.:3 rnm at ventr; 1 
maq . .i;inl: ;ilrnosl no interspace in well-preserve( 
areas: line scales not aligned !'mm rib to ril 
Hight valve sculpture similar; about 30 primar. 
ribs, with C:l gr-eater trend towClrcls bil'urcatior 
tlwn in lef't v;dve: additional intercalary ribs pos 
sible. becorning equal in width lo tertiary ribs 
prnducing Cl palt 'rl1 or three smaller ribs hl 
t v..:een l'ach pair or large ribs in the center of' t lw 
ventr<li l'dgL'. Sculpturl' or both valves !'iner· to 
v:arcls anterior ~rncl posterior rnar-gins: easil ~ 
t:rocled to !'orm smooth, threadlike ribs with in 
tersp<H'('S n<i.rrower than thl' ribs. 

f Iolotype: US M ,16()955. 
P11rutypes: USNM 4GG95G: U C 12248;1. 
Typ<.> loculil.lf.' Giant Po1·tlancl cenwn! quarr 

north or Ilar·I •yvilk» South C;irol1n;1. All kncl\~ 
S!Jl'Cinwns or this SfJE:'Cies ;ir·e !'rom this Joc;tiily. 

PLATE 2 

l. Bateq1wu ducenticostatus, paratyp , original shell, GP; UNC 12248a; 11.3 mm (auri­

cle length). Detai1 of ant rior auricle from pecimen of plat 1, figure 8. 
2. BciteqHe us cl uc<'n ticostntus, paratyp , original sh 11, GP; U C 12248a; 5. 0 mm (photo 

widthl. D tail of sculpture from sp cin1en of plate 1 figur 8. 
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Ety11wluu.lf." Adults have about 150 more ribs 
than an~' other Eocene scal lop in the region; 
lienct>. "two liundred-ribbecl'' is a useful di s tin ­
gi:i"hing f'eat ure. 

Discussion: This species closely resem­
bles Batequeus rne::qnitalensis Squires and 
Demetrion (1990), the type species of 
Butequeus. They are similar in size and 
shape, being slightly longer than high as 
adults. The valves in both species seem 
equally low-l'onvex, but I do not have any 
articulated pairs of B. ducenticostatus for 
dired comparison. The byssal notch in 
both is smal1, but in B. ducenticostatus the 
anterior auricles are larger than the poste­
rior ones. unlike B. me::quitalensis. 

Both species have left valves with nu­
merous very closely spaced riblets, though 
the scales are discontinuous and more 
widely spaced in B. ducenticostatus, as op­
posed to the "imbricated growth lines" of 
B. ni,e::quitalensis. The right valve sculp ­
ture is more distinctive . Both have 25-30 
primary ribs, but in B. rne::qnitalensis they 
are low, flat-topped, and can be grooved, 
unlike the f'ine, ungrooved, scaled riblets 
of B. duce11ticostatus, which are simil ar to 
those of the left valve. Intercalary ribs are 
present on both valves of both species. In 
the largest specimens of B. ducenticos­
tatus, three sets of intercalary ribs may be 
present, in addition to some bifurcation of 
primary ribs, producing a total of over 200 
ribs ventrally. As noted by Squires and De­
rnetrion (1990), Ba.teqneus is assignable to 
the Chlornys group of Hertlein (1969). It 
seems closely related to the New Zealand 
genus Serripecten. 

Batequeus ducenticostatus is distinct 
from all other known Eocene species from 
the eastern United States . The sculpture of 
the various forms in the type lot of Chlamys 
membrmwsa is finer but otherwise similar 
to that of B. ducenticostatus, but the latter 
attains a larger maximum size and differs 
greatly in shape. Chlamys cocoana (Dall , 
1898) is simi lar in overall outline to B. 
clucenticostatlls, but has wider, more ir-

regular primary ribs and wider interspaces 
without the rapid development of interca -
ary ribs. Also, the type of C. cocoana 1s 
probably from the Oligocene (Cooke ar J 
MacNeil, 1952). Glawe (1974, pl. 2) figur s 
what appear to be at least three speciLs 
unde r this name , all of which have talle , 
wider primary ribs and less well-d 0 -

veloped intercalary ribs than B. duce l­

ticostatus. However, the form(s?) r"' >­
resented by his figures 1, 4, 7, and 8 c. e 
simila r in shape of auricle and overall o -
line to B. ducenticostatus. 

Records from the Cooper Formation >f 
Chlamys cocoana (Ward et al. , 1979, p. 2 ~; 
Ward and Blackwelder, 1980, p. ic ; 
Cooke and MacNeil, 1952; Glawe , 197 ) 
may represent true C. cocoana or ~. 

ducenticostatus (in that case, the spec -
mens probably were from the "Cross" a r 
not the Cooper), or they may represent 
new species. 

Order OSTREOIDA 
Superfamily PLICATULOIDEA 

Family PLICATULIDAE 
Genus PLICATULA Lamarck, 1801 

PLICATULA FILAMENTOSA Conrad 
Plate 3, figure 3 

Plicatula filamentosa CONRAD, 1833, Fos;:, 
shells of the Tertiary formations of N orL 
America, v. 1, no. 3, p. 38; ?GARDNER i 
MILLER, 1912, North Carolina Geol. an 
Econ. Survey, Publ., v. 3, p. 188; KELLUlV' 
1926, U.S. Geol. Survey, Prof. Paper 143, r 
8, 11 , 21, pl. 2, figs. 5, 6; ?RICHARDS, 195 
Amer. Philos. Soc., Trans., n. s., v. 40, pt. 
p. 18; ?HARRIS, 1951, Bulls. Amer. Paleor 
tology, v. 8, no. 138, p. 7, pl. 2, figs. 6-l 
?COOKE and MACNEIL, 1952, U.S. Gee 
Survey, Prof. Paper 243-B , p. 24; PALME 
and BRANN, 1965, Bulls. Amer . Paleontok 
gy, v. 48, p. 280; TOULMIN, 1977, Geo!. Su 
vey Alabama, Monograph 13, p. 260, pl. 4 
figs. 10-11; ?BAUM, HARRIS, and ZULLC 
1979, in G.R. BAUM, W.B. HARRIS, ar 
V.A. ZULLO (eds.), Structural and Stratit 
raphic Framework for the Coastal Plain < 

North Carolina, p. 108; ?BAUM et al., 198( 

PLATE3 

1. Batequeus ducenticostatus, paratype, original shell, GP; UNC 12278b; 11.6 mm (photo 
width). Detail of right valve sculpture from the largest available specimen. 

2. Batequeus ducenticostatus, holotype, original shell, GP; USNM 466955; 47.8 mm (1). 
3. Plicatulafilamentosa, latex cast, SAO; UNC 15444; 21.8 mm (h). 
4. Glyptoactis (Claibornicardia) alticostata, latex cast, SAO ; UNC 15449; 56.9 mm (1). 



Nos. 1-4 South Carolina Eocene 131 

1 

2 

PLATE3 



132 Tulane Studies in Geology and Paleontology Vol. 27 

South Carolina Geology, v. 24, no. 1, p. 26; 
?BAUM, 1980, Southeastern Geol., v. 21, no. 
3, p. 195; DOCKERY, 1980, Mississippi Dept. 
Nat. Res., Bull. 122, p. 159, pl. 47, fig. 7 [as 
var. ?]; ?POWELL and BAUM, 1982, Geol. 
Soc. Amer., Bull., v. 93, p. 1105; WARD, 
1985, U.S . Geol. Survey, Prof. Paper 1346, p. 
49, pl. 5, fig. 7. 

Plicatulafilementosa [sic] Conrad. RICHARDS, 
1955b, Georgia Mineral Newsletter, v. 8, no. 
4, p. 152, first pl. , figs. 2, 3. 

Plicatula spp. PALMER and BRANN, 1965, 
Bulls. Amer. Paleontology, v. 48, p. 281 , 282 
[in part?]. 

Plicatula gibbosa Lamarck. ?HOWE, 1987, 
Rocks and Minerals, July/August, p. 241 [not 
P. gibbosa Lamarck, 1801 (Recent)]. 

?Plicatula sp. aff. P. filamentosa Conrad. 
SQUIRES and DEMETRION, 1992, Contrib. 
Sci. Nat. Hist. Mus. Los Angeles Co., no. 434, 
p. 37, figs. 106, 107. 

Plicatula filamentosa concentrica DALL, 1898, 
Trans. Wagner Free Inst. Sci. Phila., v. 3, pt. 
4, p. 762; PALMER and BRANN, 1965, Bulls. 
Amer. Paleontology, v. 48, p. 281; DOCK­
ERY, 1980, Mississippi Dept. Nat. Res., Bull. 
122, p. 158, pl. 47, figs. 6, 8. 

Plicatula filamentosa planata MEYER and AL­
DRICH, 1886, Cincinnati Soc. Nat. Hist., 
Jour ., v. 9, no . 2, p. 45, pl. 2, fig. 20; 
PALMER and BRANN, 1965, Bulls. Amer. 
Paleontology, v. 48, p. 281; TOULMIN, 1977, 
Geol. Survey Alabama, Monograph 13, p. 
260, pl. 40, fig. 12; DOCKERY, 1980, Missis­
sippi Dept. Nat. Res. , Bull. 122, p. 158, pl. 23 , 
fig. 6, pl. 48, figs. 1-3. 

Discussion: Kellum (1926) reported 
Plicatula filamentosa Conrad (1833) from 
the Castle Hayne Limestone. Palmer and 
Brann (1965) listed his record as an unde­
scribed species, not the Claibornian P. 
filamentosa. Kellum's figured specimen 
and the Santee and Castle Hayne Lime­
stone specimens in the present study are 
conspecific with P. filamentosa) most 
closely resembling the nominate form 

rather than P. filamentosa concentrica 
Dall, 1898, or Plicatulafilamentosa planata 
Meyer and Aldrich, 1886. The latter tw o 
are reported to occur together (Palme r 
and Brann, 1965). Dall (1898) noted that P 
filamentosa concentrica intergrades w itl: 
P. filamentosa s.s., so these "subspecies' 
must be regarded as varieties. 

The Early Eocene specimen from B ajc­
California figured by Squires and Demet 
ion (1992) closely resembles figures of P. 
filamentosa "concentrica" in Harris (1919 
pl. 12, fig. 10) and in Dockery (1980, pl. 47, 
figs. 6-8). Also within the range of P 
filamentosa s.l. (as figured by Harris, 1919 
are four specimens from the Ocala Grou p 
figured by Harris (1951). Two of these fig 
ures (Harris, 1951, pl. 2, figs. 6, 7) also a p 
pear in Richards (1955b, first pl., figs. 2-3) 
The epifaunal cemented growth form o 
this genus produces wide variations in 
shell morphology. This species is pre sen 
at SAO, MMB , SAJ, and MMG. 

Subclass HETEROCONCHIA 
Order VENEROIDA 

Superfamily CARDITOIDEA 
Family CARDITIDAE 

Genus GLYPTOACTIS Stewart, 1930 

GLYPTOACTIS (CLAIBORNICARDIA) 
ALTICOSTATA (Conrad) 

Plate 3, figure 4 

Cardita alticostata CONRAD, 1833, Amer. Jour 
Sci. , 1st ser., v. 23, no. 2, p. 342; RICHARDS, 
1968, Acad. Nat. Sci. Phila., Spec. Publ. 8, p . 
31. 

Venericardia alticostata (Conrad). ?VAUGHAN 
in VEATCH and STEPHENSON, 1911 , 
Georgia Geol. Soc., Bull. 26, p. 240; 
?RICHARDS, 1955, Georgia Mineral News­
letter , v. 8, no. 3, p. 113, 115, fig. 9· 
?CHEETHAM, 1962, Micropaleontology, v. 
8, no. 3, p. 323; TOULMIN, 1969, Trans. Gulf 

PLATE 4 
1. Crassatella eutawcolens, paratype of C. inglisia, calcite cast, FGS loc. L-92; FGS I-

7542; 24.1 mm (l). 
2. Crassatella eutawcolens, latex cast, SAO; UNC 15441; 51.9 mm (l). 
3. Crassate lla eutawcolens, internal mold, SAO; UNC 15442; 42. 7 mm (l). 
4. Crassatel la texalta, internal mold, SAO; UNC 15440; 96.4 mm (1). 
5. Crassatella alta, internal mold, GP; UNC 15443; 107.1 n1m (1). 

Note: In the original figure of FGS I-7542 (Richards and Palmer, 1953, pl. 9, fig. 10) , 
20.3 mm and 24.1 mm are both listed as the height due to a typographical error. As it 
is longer than high and because length is consistently listed second, one can safely 
conclude that 24.1 mm is actually the length. 
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Col ! oc. (;p(JI Sue .. v. l!l. p. ·172, pl. :3. 

f ~· • I, b 
• \'1•11er1c·ordw ~p. aff. \' r1lt1cuslolo 1Conr;1d). 

COOK!•, .uid :\IAC1 'EIL. ID.12. l-.s. c;l .. 01. 
'un. ·v. Pro" Pap ·r 2-1:~ B. p . 21 

\' e 'd r 1 cu rd w f CI u 1 ho r11i('(I1·cl lCI I u l I 1 cost o In 

C'onrcHI •. STF.NZE I,, KHA USE. rn1d TWIN 
11 'G, 19:>7. Un1-v of 'l\·xas. Publ. ;)7°'1. p. 8. 
10 1. p 1 l :~. Ii g I 9. p:. 1 t. fig. .1 ( t y p e o I 
Clotbor111corc/iCl •: l'ALi\IEH and BHA 
l~ ():i, Bu!I 1\nwr J>alL·ontnlogy. v. 18. p. 
:QI. pl. :!. fig<-. 10, 11: IIEASLIP. 1%8. 
J>ah.•onllWl'aph1ea t\lllt'I'.. \ '. (). no. :l!L p. ;);) et 

seq. pl 2ti, figs. Ii !1. TOl"L\'11 '. 1!)77. Geo!. 
· 1 I· 'I I 1" '>()» ''r::(· Sui\ t"'Y :\ d ,;m1a, ..; <l!H1grap i .i. p. ~ "· .J,) >. 

p . 11. fig . 8-1 () 
'? \ e1wncunlw d. \'. 1Luswu D all. POWELL ancl 

BA l Ti\1, I !182, (;L·o l. Soc. Anwr .. Bull.. \'. !l:~. 

l' · J l():J 
(;f 11pt<)(11·11~ r ('/01IH1111in1rclu1 J (l/ti!'ostotn ( ('011 -

radl Cil 1\\':\1 ', l!Hi!l. iri H. C. l\100HE kd.1. 

Trt>dll l' on f 11\'L'l'\Phl'all' P ;d t·<111tology. Part 
1 . :\1ollu l'<t l.i. v. 2 p . :>.) 1 : ' YSTHO:\L 

WILLOlJ(;UBY. :1 11d DOCKEHY. ID!JO. 
l'l'!ll' . St'l'()Jld B<il d I ll'ad fsl .tnd Conf. ( C'<>ll 

l'(·n·nt't> vt>rsi<m). p . :ll: DOCKEHY and 
rYSTl{0:\1 . l!l!lO. il11cl. 1co11f"L·rL'IH'l' \ ' l't' ::; 10111. 

p . 82. hi. h(): TYSTHOM. WILLOUGHBY. 
and DUCKEHY. l!l!l2. i/11d . tr •\'l">t'cl \'l.'l's1unl. 

p. S!l : DOCKEHY .tnd NYSTHOM . l!l92. 
i/1id. 1 l'l'\ hC'd versin111. p . !Hl, !l2. !l:> . 

'11t \'11 11e•ricc11·dw u/Ci!'oslCllo <Cnnracll. HJCJl­
:\l\DS. l!l;);) , (; ·orgi;1 i\.li11vrnl Tl'W~ll·llL·r. \. 

~. Ill>. :;, p . 112 . 
(:\dd111011Cli '>y tw11\' lll S Ill IlP<lslip . l!Hi~l 

D1.'>('!lssicn1 Gl.11ptouct is r Clu ilwrn icu r-
clrn ! ulticustnlu lr<1ditiu11ally has bL' ·n con­
si<kn•cl indl<'<divl' of' latest 'laibornian <t!!;l' 

l('otTl'latillg \\'ith thl' Gosport S<mc!l. Be­
l'on· 199~. it \\'<lS repodtc'd \\'1th ;1c.lequat ' 
docunwnt;1tio11 ollly f'rom the Go:--.port 
S;l11d (<tbO\'l' tlw l<1st r '~ional occll!Tl'tH'l' 
o!' C11liitustreu sel/oe.f'onn1sl and from tlw 
Or;111!..!,l'IH1rg District Bt>cb of South Caroli­
na. I ts prt'Sl'llt'l' i 11 t hl'Sl' h<:.•cb. along with 
till' absvrn'l' ol' Culntostreu sellne/'orniis. 
<1n· 111<1jor n·;1sons lur tlw post C. sellcwfur 
111 is znlll' Gosport S;111d l'(jllI\ <1lcnce pro-

posed by Dockery and Nystrom ( 19~)2c1. 
1992b). 

However. G. alt1costota is also founc ' n 
the Santee Limestone at MMB and S .. >. 
along with C. sellae.fonnis. Both are ab in­
clant and elre often found in the same b ot.I­
der. Hence, al least one of these taxa h; rl a 
longer chronological range in South Cai > i­
na than in the Gulf Coast. Because of Le 
greater affinities of the Santee Limeshr e 
fauna to the C. sellueJorrn is zone bee CJf 
the Gulf Coast (upper Lisbon Formc-11 .. •». 
Cook Mountain Formation) than to 1 :.e 
Gosport Sand, it is probably G. alticos tuta 
th<1t appeared earlier in the Santee L r •­

slont.· than in the Gulf, as suggesteo hy 
Dockery and Nystrom (1992a, 1992bl. 1 d 
not a diachronous extinction of C. ·" >f­
loe.form is. Glyploactis alticostata is, th t>1 ·­
fore. not a valid index species for upp( 
most Clo.i bornian age in all deposits. A.., 
discussed above. Dockery and Nysll 1m 
l l 992a l suggested that the boundary > 

tween carbonate and elastic environmt. 
<1cted as an environmental barrier to I • 

spread of this species until the lat t 
C1aibornian. Specimens in this study ca 
from MMB. SAO. MMG, SAJ, and Dol 
L'r>' and Nystrom ( 1992a) locality 25. 

V ;1ugha11 ( i 11 Veatch and Stephens< r 
l~l11l rt->portecl both C. sellnefurmis 
Ost reu l and G. nlt icustCltn (as Venenc 1 

cl1u l l'rom tlw typt-> locality of' the "McBt. 
Form;itiun ... However. the labeled spc· · 
11wns of' both specit::--. from this collect1 
arv jll\'l•nill•s. \'-.:hich are difficult to ich 
t if\'. Rich<1rcls ( nl55a l lists both spc.>c 
f'rom t lw Wi !cox Group in Georgia l micl d 
Palt>oc·l•ne to lowc'rmost Eocene). proba h 
b;1sed on t>arly records that lumped oth • 
tax; l u ndc·r tlw:--.e nam l'S. His re port of C 

ult1costuln in the Claiborrnan of Gc'orgia 
pos:--.ihle, but the' lie;url' (p. 115. fig. 9l is 11< 

clt·ar <me! may \)L' a corn pan son spec1nH 
l"rrn11 A lab;una. 

PLATE5 

1. Cnt'>S(l(('!ICI oltu. htll'X cast. SAO: e c 1545(): 121.:3 rnrn ()). 
2. Cnissntellu icillco.n. lwlotypv. tntl'rnal mold <tnd c<cdc1te cast. Wilrnington, N.C 

.\NSP 1~4ln: 10;> mm \]l. 
'.1. Crussotcllu 1cillco:ri. holotyp1... mll'r1wl rnold. \Vilrnington. .C.; ANSP 12463: 105 rrn 1 

(]). 

·l. Lirodis<"11S.'>111i1}1!'i/l('11sz.'>. ldk'\ c<1st. SAO: lrNC 1;)4S8: 17 .. ) mm tll. 
:>. Clu1111n 11wHnH'11sis. l<1tL'X l'<1st. SAO: U C 15+.)~J. '.(L4 mm tdl. 
Ii. Cliu11rn 11w1u·oc•11.-;is. btc'x l'<•st. SAO: L', C 154()0: :n.1 mm ldl. 
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Superfamily CRASSATELLOIDEA 
Family ASTARTIDAE 

Genus LIRODISCUS Conrad, 1869 

Lmomscus SMITHVILLENSIS (Harris) 
Plate 5, figure 4 

Astarte smithviLLensis HARRIS, 1895, Acad. 
Nat. Sci. Phila., Proc., v. 47, p. 48, pl. 1, figs. 
8, Sa, 9-9c. 

Lirodiscus smit.hvillensis (Harris). HARRIS, 
1919, Bulls. Amer. Paleontology, v. 6, p. 89, 
pl. 31, figs. 17-23; HARBISON, 1944, Acad. 
Nat. Sci. Phila., Not. Nat., no. 143, p. 4; 
PALMER and BRANN, 1965, Bulls. Amer. 
Paleontology, v. 48, p. 177. 

Lirodiscus santeensis HARBISON, 1944, Acad. 
Nat. Sci. Phila., Not. Nat., no. 143, p. 4, pl. 2, 
fig. 3; ?COOKE and MACNEIL, 1952, U.S. 
Geol. Survey, Prof. Paper 243-B, p. 24; 
PALMER and BRANN, 1965, Bulls. Amer. 
Paleontology, v. 48, p. 177; RICHARDS. 
1968, Acad. Nat. Sci. Phila., Spec. Pub!. 8, p. 
82. 

? Lirodiscus sp. BAUM et al., 1980, South Caroli­
na Geology, v. 24, no. 1, p. 25; POWELL and 
BA UM, 1982, Geo!. Soc. Amer., Bull., v. 93, 
p. 1105. 

Lirodiscus (Lirodiscus) cf. L. (L.) smithvillensis 
(Harris). DOCKERY, 1980, Mississippi Dept. 
Nat. Res., Bull. 122, p. 174, pl. 50, figs. 2, 3. 

Discussion: Comparison of latex casts 
from SAO with the original figure of 
Lirodiscus santeensis and with the original 
figure of L. smithvillensis shows that all 
three are conspecific. In the original de­
scription, Harris (1895) noted the variabil­
ity of this species. The "larger size, the 
closer interspaces, the more rounded mar­
gin, and the wider diameter," cited by 
Harbison as distinguishing the two species, 
do not appear to be valid differences. Har­
bison's specimen is incomplete, so the 
roundness of the margin is indeterminate. 
Reconstructing the margin gives a diame­
ter of 25 mm versus 17 mm for Harris's 
largest figured specimen. The interspaces 
also appear similar. Specimens in this 
study came from SAO. 

Family CRASSATELLIDAE 
Genus CRASSATELLA Lamarck, 1799 

CRASSATELLA EUTAWCOLENS (Harris) 
Plate 4, figures 1-3 

?"Crassatella, agreeing with a cast from EutaVv" 
LYELL, 1845, Quart. Jour. Geo!. Soc. L o -
don, Proc., v. 1, p. 431. 

Crassatellites eutawcolens HARRIS in VA '\J 
WINKLE and HARRIS, 1919, Bulls. Amer. 
Paleontology, v. 8, p. 14, pl. 2, fig. 4. 

Crassatellites species "a" KELLUM, 1926 , U ~. 
Geo!. Survey, Prof. Paper 143, p. 11, 22 , I. 
3, fig. 1. 

Crassatella sp. f second]. HARRIS, 1951 , Bu 
Amer. Paleontology, v. 8, no. 138, p. 19 
part], pl. 8, fig. 12; PALMER and BRAN 
1965, ibid., v. 48, p. 107 lin part]. 

Crassatella eutawcolens (Harris). PALMER ar i 
BRANN, 1965, Bulls. Amer. Paleontology, v. 
48, p. 100. 

Crassatella inglisia RICHARDS in RICHARI" ; 
and PALMER, 1953, Florida Geo!. Surve 
Bull. 35, p. 46, pl. 9, figs. 9, 10; PALMER a. t 

BRANN, 1965, Bulls. Amer. Paleontology, 
48, p. 101. 

Crassatellites sp. ?BAUM et al., 1980, Sout 
Carolina Geology, v. 24, no. 1, p. 25. 

Crassatella aff. C. texana Heilprin. J. CARTE 
et al., 1988, North Carolina Geo!. Surve: 
Bull. 89, pl. 4, figs. 24, 25 [not C. texana Hei 
prin, 1891J. 

Not Crassatellites species "a" Kellum. HARB 
SON, 1944, Acad. Nat. Sci. Phila., Not. Nat 
no. 143, p. 4, pl. 2, fig. 1. 

"Crassatellinae" BAUM, 1980, Southeaster 
Geo!., v. 21, no. 3, p. 195 [in part?l. 

Discussion: The distinctive, somewha 
rectangular shape of Crassatella eutawco 
lens (Harris in Van Winkle and Harris 
1919) also characterizes Crassatellites sp 
"a" of Kellum, both known only as interna 
molds. Harbison's (1944) Crassatellites sp 
"a" is actually a lucine. Harris (1951, pl. 8 
fig. 12) figured an internal mold of this spe 
cies from the Ocala Limestone as th 
rhomboidal end of variation in a series o 
molds. In addition, molds found in th1 
study show that this peculiar internal for rr 
has the exterior sculpture shown by Cras 

PLATE 6 

1. Clavilithes abruptus?, internal mold, SAO; UNC 15470; 82.1 mm (h). 
2. Santeevoluta wilmingtonensis, latex cast, SAO; UNC 15462; 149.5 mm (h). 
3. Hippochrenes fissura, original shell, Calcaire Grossier, France; USNM 496700; 87. 5 

(h). 

4. Santeevoluta wilmingtonensis, latex cast, SAO; UNC 15461; 34.8 mm (h) in photo, en­
tire specimen 180.8 mm. 
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satella inglisia Richards , 1953, which is 
based on calcite casts of the external form. 
J. Carter et al. (1988) figured a calcite cast 
of a left valve that replicates the external 
sculpture and much of the internal form 
precisely. Thus, Crassatella eutawcolens 
has been found in limestone deposits from 
North Carolina to Florid a by several work­
ers since Harris , but has gone largely unre­
cognized. This species is present at MMG, 
SAJ, and SAO. 

The original figu re of Crassatella rhom­
boidea (Conrad, 1846) su ggests a broken 
mold of this species; however , the holotype 
is actually a comple te internal mold of a 
distinct species with very low beaks. 

CRASSATELLA TEXALTA Harris 
Plate 4 , fi gure 4 

Crassate lla texalta HARRIS, 1895, Acad. Nat. 
Sci. Phi la. , P roc., v. 47, p . 49 , pl. 2, fig. 2; 
PALMER a nd BRANN , 1965, Bulls. Amer. 
Pa leonto logy, v. 48, p. 104; TOULMIN , 1977, 
Geo!. Survey Alabama, Monograph 13, p. 
247, p l. 34, figs . 3, 4; DOCKERY, 1980 , Missis­
sippi Dept. Nat. Res ., Bull. 122, p. 175, pl. 23 , 
fig. 1, p l. 50, fi gs . 1, 4, pl. 51 , figs . 1, 5-7. 

Cmssate lla cf. C. texalta Harris . ?BAUM, HAR­
RIS, and ZULLO , 1979, in G.R. BAUM, 
W.B. HARRIS , and V.A. ZULLO (eds.) , 
Structu ral and Stratigr aphic Framework for 
the Coasta l Pla in of North Carolina , p. 108; 
?BAUM et al. , 1980, South Ca rolina Geology , 
v. 24, no. 1, p. 23, 25 ; ?POWELL and BAUM, 
1982, Geo!. Soc. Amer. , Bull., v. 93, p. 1102, 
1105 . 

Crassatellites alta (Conrad) KELLUM, 1926 , 
U. S. Geo!. Survey, Prof. Paper 143, p. 8, 11, 
22 [in part?]. 

Discussion: Three species of very large 
crassatellids with roughly equal height and 
length are present in the Santee Lime­
stone a nd "Cross Formation." Crassatella 
texalta Harris , 1895, is reported from vari­
ous uppe r Claibornian (Cook Mountain 
Formation equivalent) localities. It is most 

easily distinguished from Crassatella alta 
Conrad, 1832 by the lack of concentric u n 
dulations in the umbonal area, which ar 
present in C. alta. As noted by Harn~ 
(1919), Crassatella willcoxi (Brown an 
Pilsbry, 1912) continues this trend by ha 
ing concentric undulations over the en ti r 
shell. 

An external mold of C. texalta from th 
SAO quarry preserved the lack of U P" . 

bonal sculpture. The lateral profiles of t~ · 
three species and their pallial lines also d 
fer. Harris (1919) further observed that C 
texalta is more angular as an adult than ; 
C. alta. The maximum known size of C. 
texalta is less than that of C. alta , but C 
willcoxi reaches as large a size as C. altc 
Crassatella texalta is present at SAO an 
MMB. 

CRASSATELLA ALTA Conrad 
Plate 4, figure 5; Plate 5, figure 1 

Crassatella alta CONRAD , 1832, Fossil shells ( 
the Tertiary formations of North America, 
1, no. 2, p. 21 , pl. 7; ?RICHARDS, 195( 
Amer. Philos. Soc., Trans., n. s., v. 40, pt. 1 
p. 18; COOKE and MACNEIL, 1952, U .S 
Geo!. Survey, Prof. Paper 243-B, p. 25 [i 
part?]; ?CHEETHAM, 1961, Jour. Paleonto 
ogy , v. 35, no. 2, p . 395; PALMER an 
BRANN, 1965, Bulls. Amer. Paleontology, v 
48 , p. 98; POOSER, 1965, Univ. Kansa 
Paleont. Cont. , Arthropoda, art. 8, p. 18 [i 
part]; RICHARDS, 1968, Acad. Nat. Sci 
Phila., Spec. Pub!. 8, p. 31; TOULMIN, 1969 
Trans. Gulf Coast Assoc. Geol. Soc., v. 19, p 
474 , pl. 3, fig. 9; TOULMIN, 1977, Geo!. Sur 
vey Alabama, Monograph 13, p. 246, pl. 34 
figs. 7-9; ?BAUM, HARRIS, and ZULL 
1979, in G.R. BAUM, W.B. HARRIS , an( 
V.A. ZULLO (eds.), Structural and Stratig 
raphic Framework for the Coastal Plain o 
North Carolina, p. 11; ?BAUM et al. , 1979 
ibid. , p. 89, 91; ?WARD et al. , 1979, Soutl 
Carolina Geo!. Notes, v. 23, p. 8, 12, 29, 31 
?WARD and BLACKWELDER, 1980, i 
R.W. FREY (ed.), Excursions in Southeast 

PLATE 7 

1. Strom bus alatus , original shell, Recent, Florida; UNC 15464; 81.7 mm (h). 
2. Hystrivasum locklini , original shell, APAC pit, Sarasota, Florida; UNC 15465; 100.5 

mm (h ). 
3. Scaphella trenholmi , original shell, Pliocene, North Carolina; UNC 15466; 106.4 mm 

(h ). 
4. Santeevoluta wilmingtonensis , holotype, internal mold, Wilmington, N.C.; ANSP 

13476; 113 mm (h ). 
5. Santeevoluta wilmingtonensis , holotype , internal mold, Wilmington, N.C.; ANSP 

13476; 113 mm (h). 
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ern Geo!. , v. 1, p. 193, 202; ?DUBAR et al., 
1980, ibid., v. 1, p. 234, 236; ?BAUM et al., 
1980, South Carolina Geology, v. 24, no. 1, p. 
19, 23; ?HARRIS and ZULLO, 1980, Geo!. 
Soc. Amer. , Bull. , v. 91, p. 589; ?POWELL 
and BAUM, 1982, ibid. , v. 93, p. 1101, 1105; 
?J . CARTER et al. , 1988, North Carolina 
Geol. Survey, Bull. 89 , p. 26; ?NYSTROM, 
WILLOUGHBY, and DOCKERY, 1990, 
Proc. Second Bald Head Island Conf. (con­
ference version), p. 56; ?WARD and J . CAR­
TER, 1992, in J.M. DENNISON and K.G. 
STEWART (eds.), Geologic Field Guides to 
North Carolina and Vicinity, Field Trip 8, p. 
118, 123, 127; ?DOCKERY and NYSTROM, 
1992, Proc. Second Bald Head Island Conf. 
(revised version), p. 93. 

Crassatellites altus (Conrad). ?GARDNER in 
MILLER, 1912, North Carolina Geol. and 
Econ. Survey, Pub!., v. 3, p. 188; ?CLARK, 
1912, ibid.' v. 3, p. 316. 

Crassatellites alta (Conrad). KELLUM, 1926 , 
U.S. Geo!. Survey, Prof. Paper 143, p. 8, 11, 
22 !in part?]; ?RICHARDS , 1950, Amer. 
Philos. Soc., Trans., n. s., v. 40, pt. 1, p. 18. 

Crassatella cf. C. alta (Conrad) ?BAUM, HAR­
RIS, and ZULLO , 1978, Southeastern Geol. , 
v. 20, no. 1, p. 11 ; ?BAUM, HARRIS, and 
ZULLO, 1979a, in G.R. BAUM, W.B . HAR­
RIS, and VA. ZULLO (eds.), Structural and 
Stratigraphic Framework for the Coastal 
Plain of North Carolina, p. 9; ?BAUM, HAR­
RIS, and ZULLO, 1979, ibid., p. 101; 
?BAUM, 1980, Southeastern Geol. , v. 21 , no. 
3, P. 195; ?BAUM, 1981 , ibid., v. 22 , no . 4, p. 
181. 

Discussion: Crassatella alta , like Glyp­
toactis alticostata, is a traditional index 
species for the uppermost Claibornian that 
also occurs in older deposits in the Santee 
Limestone. Many stratigraphic works on 
the Santee and Castle Hayne limestones 
(Cooke and MacNeil, 1952; Pooser, 1965; 
Ward et al., 1979 ; Baum et al. , 1980; Ward 
and Blackwelder, 1980; Powell and Baum, 
1982) cite abundant C. alta as indicative of 
uppermost Claibornian age (Gosport Sand 
equivalent) deposits, now referred to the 
"Cross Formation" and the New Bern For­
mation or Spring Garden Member of the 

Castle Hayne Limestone. Crassatella alta 
was listed by Baum et al. (1979) as another 
taxon causing much biostratigraphic con­
fusion in the Eocene of the Carolinas . In 
this study, C. al ta was found in the "Cross 
Formation" at GP and the Santee Lim es­
tone at SAO. Crassatella alta and C. 
texalta are both found at SAO, and Doc­
kery and Nystrom (1992a, 1992b) also re­
ported C. al ta from the Santee Limesto e 
at MME. The similarity of these t\\ J 

species makes careful identification neces­
sary. 

CRASSATELLA WILLCOXI 

Brown and Pilsbry 
Plate 5, figures 2, 3 

Crassatellites willcoxi BROWN and PILSBR _ 
1912, Acad. Nat. Sci. Phila . , Proc., v. 64, r 
152, pl. 1, fig. 1; HARRIS, 1919, Bulls. Ame 
Paleontology, v. 6, p. 104; RICHARDS, 1951 
Amer. Philos. Soc., Trans. , n. s., v. 40, p t. 
p. 74, fig. 61a (as wilcoxi lapsus calam 
RICHARDS, 1968, Acad. Nat. Sci. Phila 
Spec. Publ. 8, p. 96. 

Crassatella wilcoxi [sic) (Brown and Pilsbry 
RICHARDS, 1950, Amer. Philos. S oc 
Trans., n. s., v. 40, pt. 1, p. 18; PALMER an 
BRANN, 1965, Bulls. Amer. Paleontology, \ 
48, p. 105. 

?Crassatellites species "b" KELLUM, 192E 
U.S. Geol. Survey, Prof. Paper 143, p. 11 , 2 
pl. 3, fig. 2; HARBISON, 1944, Acad. Na' 
Sci. Phila., Not. Nat., no. 143, p. 4. 

Crassatellites negreetensis HARRIS, 1919 
Bulls. Amer. Paleontology, v. 6, p. 97 [i 
part?], ?pl. 33, figs. 6-8. 

Crassatella negreetensis (Harris). PALMER and 
BRANN, 1965, Bulls. Amer. Paleontology, v 
48, p . 102 [in part?]. 

Discussion: The type of Crassate ll 
willcoxi is an exceptionally good specime 
for the Castle Hayne Limestone in that 1 

preserves a complete internal mold with 
partial cast of the external sculpture. Cras 
satellites species "b" of Kellum is probab l 
the young of this species, but it could b 
Crassatella texalta or C. alta. In addition tc 

PLATE 8 

1. Santeevoluta wilmingtonensis, internal and external mold, SAO; UNC 15471; internal 
mold, 172 mm (h); external mold, 220 mm (h). 

2. Santeevo luta wilmingtonensis , internal mold, MME; UNC 8223; 166.1 mm (h). 
3. Santeevoluta wilmingtonensis, composite latex casts, SAO; UNC 15454, UNC 15455. 

Apical portion: 110.0 mm (h), 132.1 mm (w); body whorl 119.5 mm (h). 
4. Santeevoluta wilmingtonensis, latex cast, SAO; UNC 15463; 35.2 mm (h). 
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ib more extensive sculpture, C. willcoxi is 
more elongate as an adult than e ither of 
the other two species. Crassatella neg­
ree tensis (Harris, 1919) may be a junior 
synonym from the Gulf Coast. The speci­
mens from Eutaw Springs, S . C. , tenta­
tive ly assigned to C. negreetensis by Harris 
(1919) and Palmer and Brann (1965) are 
probably C. willcoxi, even if the Gulf 
Coast form is validly distinct. This species 
is common at MMG and SAJ and rare at 
SAO. Its abundance at these two localities 
and near Wilmington, N. C. , suggests that it 
favored deeper water than C. texalta or C. 
al ta. 

Superfamily CHAMOIDEA 
Family CHAMIDAE 

Genus CHAMA Linnaeus, 1758 
CHAMA MONROl·~NSIS Aldrich 

Plate 5, figures 5, 6 
Chama monroensis ALDRICH, 1903, Nautilus, v. 

16, no. 9, p. 100, pl. 4, fig. 15 ; PALMER and 
BRANN, 1965, Bulls . Amer. Paleontology , v. 
48, p. 79; DOCKERY, 1980, Mississippi Dept. 
Nat. Res., Bull. 122, p. 166, pl. 48, fi gs. 4, 5, 8. 

Chama sp. "a" KELLUM, 1926, U.S. Geo!. Sur­
vey, Prof. Paper 143, p. 11 , 23 , pl. 3, fig. 5; 
HARBISON, 1944, Acad. Nat. Sci. Phila., 
Not. Nat., no. 143, p. 5; PALMER a nd 
BRANN, 1965, Bulls . Amer. P aleo ntology , v. 
48, p. 80; ?POWELL and BAUM, 1982, Geo!. 
Soc. Amer., Bull., v. 93 , p. 1105. 

Chama richardsi HARBISON, 1944, Acad. Nat. 
Sci. Phila., Not. Nat., no. 143, p. 5, pl. 2, figs. 
5, 6; PALMER and BRANN, 1965, Bull s. 
Amer. Paleontology, v. 48, p. 79; RICH­
ARDS, 1968, Acad. Nat. Sci. Phila., Spec. 
Pub!. 8, p . 81; POWELL and BA UM, 1982, 
Geol. Soc. Amer., Bull., v. 93, p. l 105. 

Chama sp. BAUM et al .. 1980, South Carolina 
Geology, v. 24, no . 1, p. 25 ; BAUM, 1980 , 
Southeastern Geo! ., v. 21, no. 3, p. 194. 

Discussion: Chama richardsi is an inter­
nal mold of Chama monroensis, as shown 
by combinations of molds showing both 
sides of a single valve. Al so, a ll external 
molds of Chama in the present collections 
from the Santee Limestone are assignable 

to C. monroensis. These external molds 
are similar in size to the "C. richardsi" in­
ternal molds. Harbison contrasted C. 
richardsi with Chama sp. "a" of Kellum 
The posterior margin of Kellum's figured 
specimen is somewhat irregular, indicating 
that it is slightly incomplete. Harbison dif­
ferentiated the two on the basis of the ap­
pearance of the posterior portion of the 
molds. No difference is evident between 
Kellum's and Harbison's specimens. This 
species is present at MME and SAO. 

Class GASTROPODA 
Subclass PROSOBRANCHIA 
Order MESOGASTROPODA 

Superfamily TONNOIDEA 
Family FICIDAE 

Genus FICUS Roding , 1798 
Frcus AFFINIS Van Winkle 

Plate 9, figure 1 
Ficus a.ffinis VAN WINKLE in VAN WINKLE 

and HARRIS , 1919 , Bulls. Amer. Paleontol­
ogy, v. 8, p. 8, pl. 1, figs. 10, 10a; PALMER 
and BRANN, 1966, ibid. , v. 48, p. 680. 

Not Ficus sp. PALMER and BRANN, 1966, 
Bulls. Amer. Paleontology, v. 48, p . 681. 

Discussion: Ficus affinis was originally 
described from the bank of the Jam es 
River, just below City Point in Virginia. It 
is also represented in the present collec­
tions from Dockery and Nystrom's locality 
25 (silicified) and SAO. These finds are of 
stratigraphic significance, because they 
suggest that this species came from the 
upper Claibornian Piney Point Formation 
and not the upper Sabinian N anjemoy 
Formation, to which Palmer and Brann 
(1966) referred the City Point locality. Be­
cause the N anjemoy Formation was the 
main fossiliferous formation known from 
the Paleogene of Virginia at that time, the 
age assignment was reasonable. However , 
fossiliferous beds of the Piney Point For­
mation are now known to outcrop in this 
area (Ward, 1985), making it a likely source 
for this species. A previous report of Ficus 

PLATE 9 

1. Ficus affinis, latex cast, SAJ; UNC 15232; 18.8 mm (h). 
2. Voluticella levensis, latex cast , SAO; UNC 15467; 23.9 mm (h). 
3. Voluticella levensis, latex cast, SAO ; UNC 15445; 47 .5 mm (h). 
4. Voluticella levensis, latex cast , SAO; UNC 15467; 23.9 mm (h). 
5. Con us smithvi llensis var. , latex cast, SAO ; UNC 15448; 27 .6 mm (h). 
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sp. from the Castle H ayne Limestone (a 
reassignment of Cassis ? sp . of Kellum, 
1926) proves to be Ficopsis penita (Conrad, 
1833). 

Order NEOGASTROPODA 
Superfamily BUCCINOIDEA 
Family FASCIOLARIIDAE 

Genus CLAVILITHES Swainson , 1840 
?CLAVALlTHES ABRUPTUS (Tuomey) 

P late 6, figu re 1 
?F'usus ahruptus TUOMEY, 1853, Acad. Nat. 

Sci. P hi la., Proc., v. 6, p . 193. 
F'usinus ahruptus (Tuomey) . KELLUM, 1926, 

U.S. Geo!. Survey, Pro f. P ape r 143 , p . 8, 11 , 
29, pl. 6, f'i. g. 1 I not fig. 6 as in PALMER and 
BRANN, 1966]; HARBISON, 1944, Acad. 
N at. Sci. Phila., N ot. NClL , no . 143 , p. 6, pl. 4, 
fig. 1; ?RICHARDS , 1950 , Ame r. Philos. 
Soc., Tra ns., n . s., v. 40 , pt. 1, p. 18; 
?DUBAR et al ., 1980, in R.W. FREY (ed. ), 
Excursions in Southeaste rn Ge o!. , v. 1, p. 
234, 236; ?POWELL and BAUM , 1982, Geo!. 
Soc. Ame r ., Bull. , v. 93 , p. 1105; ? J. CAR­
TER et al. , 1988 , North Carolina Geol. Sur­
vey, Bull. 89 , p . 26 ; ?WARD a nd J. CAR­
TER, 1992, in J.M. DENNISON and K.G. 
STEWART (eds .), Geologic Fi e ld Guides to 
N orth Carolina a nd Vicinity , Field Trip 8, p . 
123. 

F'usinus sp. KELLUM , 1926, U.S. Ge o!. Survey , 
Prof. P a per 143, p. 11 , 29 , pl. 6, fig. 2; 
COOKE and MACNEIL, 1952, U .S. Geo!. 
Survey, Prof. P a per 243-B , p . 26 . 

?Cf. Clavil i thes abruptus (Tuomey). PALMER 
Cl nd BRANN, 1966, Bull s . Amer. Paleontol­
ogy, v . 48 , p . 583. 

Discussion: Although Tuomey (1853) de­
scribed Fusus abruptus rather briefly with­
out a figure ("ovoid; whorls rounded, ven­
tri cose, the last one terminating abruptly in 
the ca n al. Dime n. Spiral angle 70°; ht. 6 in; 
br. 4 in ."), it is frequently reported in the 
subsequent literature. Kellum (1926, p. 29) 
state d that, although the specimens he col­
lected from the type locality suggested a 
sma lle r spire angle than Tuomey's esti­
ma te, they were fairly common and were 
"the only large Fusus-like forms" present. 
On these grounds , Kellum thought his 
species was probably what Tuomey had in 
mind , though he doubted that it could be 
definitiv e ly identified . Palmer and Brann 
(1966) tentatively assigned Fusus abruptus 
to Clavilithes and questioned other re­
cords, probably b ecause of the inadequate 
original d escription and lack of a known 
type . The records a fter Tuomey are proba­
bly a ll assignabl e to Clavilithes spp. Kel-

!um (1926) and Harbison (1944) had the 
same species, also present in the Banks 
and Powell collections and in my material 
from MMB and SAO, but it is uncertain if 
this is Tuomey's species, which is probab ly 
best regarded as a nomen dubium. Unfor­
tunately, Harbison's figured specimen is 
probably lost. A note with the collections a 
the Academy of Natural Sciences a~ 
Philadelphia in Axel Olsson's handwriting 
states that it was removed for a tempora r· 
exhibit, which would have been about 
1960. 

Superfamily VOL UTOIDEA 
Family VOL UTIDAE 

Genus SANTEEVOLUTA gen. nov. 

Description: Protoconch low for a volutic.. 
domed , paucispiral; spire proportionally short 
nodose , rapidly expanding; large (>250 mr 
maximum length); body whorl smooth belov 
shoulder except for irregular growth lines 
roughly conical ; parietal callous present; fo ui 
prominent columellar plaits; lip broad, flarin F, 
recurved. 

Type species: Vasum wilmingtonense Brow n 
and Pilsbry , 1912. 

Stratigraphic distribution: Castle Hayne 
Limestone , Santee Limestone. 

Etymology: From the Santee Limestone, sc 
that the genus and species names together givt. 
the known range of this tax on. 

Discussion: Santeevoluta wilmingtonen 
sis , the type species, was originally d e ­
scribed as a Vasum (Brown and Pilsbry , 
1912). Palmer and Brann (1966) questioned 
the generic assignment, and Vokes (1966 
recognized that it was not a Vasum b ut 
rather a volutid. Lacking a suitable genus , 
she suggested that it was "a large 
Fusimitra" (Vokes, p. 5), now considered a 
subgenus of Mitra (Dockery, 1980) 
Species of Fusimitra , including the type 
[M. (Fusimitra) millingtonil, are propor 
tionally much narrower than S. w il­
mingtonensis , and have a spire approxi­
mately equal in length to the body whorl, 
whereas the latter has a spire only abou t 
one-fourth as long as the body whorl and 
reaches a much greater size than any 
known Fusimitra (25 versus 15 cm). 

The shell is too thin and the columellar 
folds are too strong for a Vasum or an 
Eovasum. The flaring lip has no parallel in 
the Vasidae. Vasum haitense (Sowerby , 
1850), cited in the original description, has 
a broad shoulder not found in Santeevoluta 
and is, thus, proportionally broader. It also 
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shows greater development of sculpture 
d an Santeevoluta. Eovasum is smaller 
ti- ;in Santeevoluta, with a row of nodes on 
U e lower body whorl. Species of various 
strombid genera, including Strombus Lin­
T' ieus (1758), Hippochrenes Montfort ( 1810) 
( ,ee plate 6, figure 3), and Wateletia 
j "ossmann (1889), may possess a large, flar­
mg lip somewhat similar to this species. 
The latter two genera, from the Paleogene 
of Europe, have elongated anterior canals 
and proportionally taller spires, over half 
as long as the body whorl (including canal), 
mlike Santeevoluta. Wateletia geoffroyi 
Watelet , 1855) (the type species) also dif­

'ers from Santeevoluta in having an apical 
flange extending from the flarin g lip paral-
1el to the spire and in having greater de-

e lopment of the parietal callus, which 
covers the entire apertural side . Hippoc­
irenes macroptera (Lamarck, 1803). on the 
other hand , seems to lack any appreciable 
callus. Also , these strombid genera lack 
strong columellar fold s. Strornbus. like 
V asum, has a much thicker shell as an 
adult than does Santeevoluta. 

Broken specimens and molds of juve­
niles reveal that the early whorls resemble 
the volutid Caricella , the type species of 
which (C. pyruloides ) is present in the San­
tee Limestone. The unusual shape of the 
body and extremely large size of San­
teevoluta distinguish it, however. Plate 7 
compares the holotype of S. wilrningtonen­
sis with a strombid, a vasid, and a volutid. 
External molds reveal the presence of a 
large, recurved, flarin g lip not found in any 
other volutid. Two Cenozoic Australian 
volutids, Livonia hannafordi (McCoy, 
1866) and Ericusa macroptera (McCoy, 
1866) have some development of the lip 
(Darragh, 1988) , though not to the extent 
found in Santeevoluta. The protoconch of 
Santeevoluta is lower c:i.nd more dome­
shaped than that of Ericilsa and quite un­
like the globose , offset protoconch of 
Livonia. The whorl shape is a lso different 
from these genera, being more straight­
sided in Santeevoluta . The spire of San­
teevoluta is proportionally shorter than in 
these two genera. 

Several genera of volutids (notably the 
bailers , Melo and Cymbium) have large 
apertures, but no other recorded volutid 
has the extreme development of a re­
curved, flaring lip shown by the external 
molds. The domed protoconch resembles 

that of Caricella but is more paucispiral. 
This unique combination of traits leads me 
to propose the new genus Santeevoluta 
with."Vasum" wilmingtonense as the type 
species. 

SANTEEVOI,UTA WILMINGTONENSIS 

(Brown and Pilsbry) 
Plate 6, figures 2, 4; Plate 7, figures 4, 5; 

Plate 8, figures 1-4 

Vwmm wilmrngtonense BROWN and PILSBRY, 
1912, Acad. Nat. Sci. Phila., Proc., v. 64, p. 
152. pl. 1, figs. 2. 3; KELLUM, 1926, U.S. 
Geo!. SL,rvey. Prof'. Paper 14:3, p. 7, 8, 11, 30; 
PALMER and BRANN, 1966, Bulls. Amer. 
Paleontology, v. l8. p. 1013; VOKES, 1966, 
Tularn.' Stud. Geo!., v. 5, no. 1, p. 5; 
RICHARDS. 1~)68, Acad. Nat. Sci. Phila., 
SpPc. Pub!. 8, p. 205. 

Strom/las o..;p. '?LYELL, 1845. Quart. Jour. Geo!. 
Soc London, Proc .. v. 1, p. 4:31; '?GARD­
NER in MILLER 1912, North Carolina Geo!. 
<rnd Econ Survey, Pub!.. v. 3, p. 188; 
BA.'.'JKS. 1977, South Carolina Geo!. Notes, 
v. 21, no. :3, p. 142 lin part? J; '?BAUM, HAR­
RIS, and ZULLO, 1979, in G.R. BAUM. 
W. B. HARRIS, and V.A. ZULLO (eds.), 
Structural and Stratigraphic Framework for 
the Coastal Plain of North Carolma, p. 108; 
BAUM et al .. 1980, South Carolina Geology, 
v. 24. no. 1, p. 25 !in part?J; BAUM, 1980, 
Southeastern Geo!.. v. 21, no. 3, p. 194 Jin 
part?J; ')DUBAR et ul., 1980, in R.W. FREY 
(ed. l. Excursions in Southeastern Geo!.. v. 1, 
µ. 236: POWELL and BAUM, 1982. Geo!. 
Soc. Arner., Bull.. v. 93. p. 1106 Jin part'?J; 
HOW~. 1987, Rocks and Minerals, July/Au­
gust. p. 241 Jin part? J. 

'?Scaphella (EncymbnJ ornlnna Dall. KELLUM, 
1926. U.S. Geo!. Survey. Prof". Paper 143, p . 
8, 11, :31, Jnot E11cyrnlw ornlmw Dall, 1890, 
nor "E11cymlrn oculcrnu" or mlthors 
E11cymlw sp. ol' Palmer and Brann, 1966 J. 

Volutt.' spt.'Ci(.~'> [not StromlmsJ. DOCKERY and 
NYSTROM. 1992, Proc. Second Bald Head 
bland C'ont". (revised version), p. 9:3. 

Discussion: Brown and Pilsbry (1912) 
clt.>sc..Tibed this unusual species from a 
largP. ~ncornplt.>te internal mold from the 
Castle· Hayrw Limestone: 

"This l'orm 1-; represented by an internal 
cc.st \vdnting the apical whorls. apparen tly de­
rivt'd l'rom <1 speciPs shaped like V. lwitense. 
The conic spire clive1·ges at an angle of' abou t 
80 . the crown of each whorl being narrowly 
rounded. The last whorl is much less convex 
Clbove, being somewhat fl<lttened and sloping 
to the rounclt'd shoulder. The periphe ry, 
viewed l'rom above. is polygonal; the las t 
three angles on the last half' whorl are promi­
nent. hut ..,evernl on the first half are barely 



146 Tulane Studies in Geology and Paleontology Vol. 27 

perceptible. Below the shoulder the sides 
taper to the narrow base , are a little swollen 
midway and contracted below the shoulder 
and near the base . Four deep furrows indi­
cate as many stout columellar folds in the 
shell , the lowest one being somewhat smaller . 
T he length of the cast is 113 mm and the 
greatest diameter 66 mm. " 

Kellum (1926) noted that the USNM col­
lections con tain many molds of this species 
and cor rectly assigned it to the Castle 
Hayne , which Brown and Pilsbry had 
question ed. Dockery and Nystrom (1992a) 
recognized that many records of Strombus 
sp. in faun a! lists from the Santee Limes­
tone actually represented a "large vol­
ute .. . common in the Martin Marietta 
Quarry" that "superficially resembles a 
la rge Strombus. " Several specimens have 
been found in this study, including internal 
and external molds which, in combination , 
show the entire shell. 

Santeevoluta wilminqtonensis is , as 
Dockery and Nystrom (1992a) presumed, 
chiefly responsible for the reports of 
Strombus sp. from the Santee and Castle 
Hayne Limestones. Specimens of San­
teevoluta in the Powell collections at the 
University of North Carolina at Chapel Hill 
are labeled Strombus sp.; however, so are 
a few other taxa. Santeevoluta wil­
mingtonensis is present at SAO, MMB, 
and MMG as well as at various North 
Carolina quarries. 

Kellum (1926) tentatively assigned an in­
ternal mold of a juvenile volutid less than 1 
cm long to Eucymba ocalana Dall, 1890. 
The identity of E . ocalana is confused 
(Palmer and Brann, 1966). Kellum's speci­
men may be a very young Santeevoluta 
wilmingtonensis . 

Genus VOL UTICELLA Palmer 
in Richards and Palmer, 1953 
V OLUTICELLA LEVENSIS Palmer 

Plate 9, figures 2-4 
Voluticella levensis PALMER in RICHARDS 

and PALMER, 1953, Florida Geo!. Survey, 
Bull. 35 , p. 11 , 37, pl. 5, figs. 4-8; PALMER 
and BRANN, 1966, Bulls. Amer. Paleontolo­
gy' v. 48 ' p. 1017. 

Discussion: With its pyriform shape and 
low spire , Voluticella levensis superficially 
resembles Ficus , but the sculpture of the 
fo rmer consists of perpendicular grooves 
instead of threads . Also, the multiple colu­
mellar folds show it to be a volutid rather 

than a ficid. All specimens from South Car 
olina are from SAO. 

The presence of this supposed Oca l 
Limestone endemic in the Santee Lim e­
stone extends its stratigraphic range from 
the "Inglis Formation" (lower Ocala Lim e 
stone in current Florida usage) into the 
upper Claibornian of South Carolina. A 
though it is known only from the southeas 
ern United States , Nicol (1991) consider e 
Voluticella to have Tethyan affinities. I 
presence in the Santee Limestone, alon 
with other taxa of Tethyan affinities [su e 
as Nayadina (Exputens) sp. and Lyri.s 
chapa sp.] suggests that the warm curre n 
flowing through the Gulf Trough provid e 
a pathway for warm-water taxa to reac 
this region. 

Superfamily CONOIDEA 
Family CONIDAE 

Genus CONUS Linnaeus, 1758 
CONUS (LITHOCONUS) SMITHVILLENSIS 

var. Dockery 
Plate 9, figure 5 

?Conus gyratus MORTON, 1833, Amer. Jou r 
Sci ., 1st ser. , v. 24, p . 131, pl. 10, fig. 13 
PALMER, 1937, Bulls. Amer. Paleontology 
v. 7, no. 32, p. 465; PALMER and BRANN 
1965, ibid. , v. 48, p. 596; RICHARDS, 1968, 
Acad. Nat. Sci . Phila., Spec. Pub!. 8, p . 140. 

?Conus sp. BAUM et al., 1980, South Caroli ne 
Geology, v. 24, no. 1, p. 25 ; POWELL anc 
BAUM, 1982 , Geo!. Soc. Amer., Bull., v. 93 
p. 1105. 

Conus (Lithoconus) smithvillensis Harris va r 
DOCKERY, 1980, Mississippi Dept. Nat 
Res., Bull. 122 , p. 137 , pl. 43, fig . 8. 

Discussion: The most common Conus in 
the Santee Limestone has a nodose shoul­
der and a taller, more tabulate spire tha n 
the widespread Conus (Lithoconus) sauri ­
dens Conrad, 1833. It closely resembles the 
C. (L.) smithvillensis Harris var. of Doc­
kery (1980), both differing from true C. (L .) 
smithvillensis in lacking the extremely tall 
spire as shown by Palmer's (1937) figure d 
specimen and Harris's (1895) original fi g­
ure. Further study may provide enough 
material to determine whether this variety 
intergrades with typical C. smithvillensis. 

Harbison 's description of Conus cor­
macki as having a nodose shoulder whorl 
suggests this species; however , it is actu­
ally a broken volutid. Conus gyratus Mor­
ton , 1833, based on an internal mold , 
closely resembles internal molds of C. 
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s nithvillensis var. Because the holotype 
o; C. gyratus was collected in South Caroli­
;· , it is probably a synonym of C. srnithvil­
l nsis var. However, internal molds of 
many species of Con us do not seem distinc­
t ve . Conus srnithvillensis var. is present at 
SAOandMMB. 

VIII. SUMMARY 

The Cubitostrea sellaef orrnis-zone San­
tee Limestone faunas of South Carolina 
1ppear, on the basis of their molluscan fau­
'l.as, to be upper Claibornian, coeval with 
he Cook Mountain Formation of Texas 

Louisiana, and Mississippi, the upper Lis~ 
')On Formation of Alabama, much of the 
Castle Hayne Limestone in North Caroli-
1a, and the Piney Poin t Formation of Vir­
rinia. The "Cross Formation" at the Giant 
Portland quarry probably includes both 
Gosport Sand and Moodys Branch Forma­
tion equivalent beds, but is inadequately 
documented. 

Further study of the Eocene deposits of 
the Atlantic Coastal Plain is needed before 
re liable regional biostratigraphic markers 
ca n be identified . In p articular, better un 
derstanding of macrofossil evolutionary 
li neages and more extensive microfossil 
data will provide improved correlations for 
the region. 
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X. APPENDIX: PRELIMINARY LIST OF MOLLUSCA 
F ROM THE SANTEE LIMESTONE AND "CROSS" FORMATION 

Vol. 27 

For locality information see Text-fig. 2. GP = Giant Portland Quarry; SAO = South­
ern Aggregates Orangeburg Quarry; MMB = Martin Marietta Berkeley Quarry; MMG 
- Martin Marietta Georgetown Quarry; SAJ = Southern Aggregates Jamestown 
Quarry. 
Nucula sp . . . . . . . . . . .... .. . ... ..... .... . ... .. SAO 
Nuculana trumani . . . . . . . . . . . . . . . . . . . . . . . ... SAO 
Arcoperna sp. . . . . . . . .. . ... . ... ...... .... .. ... SAO 
Modiolus cawcawensis . . . . . . . . . . . ...... SAO, MMG 
Lithophaga sp. cf. L. claibornensis . . . . . . . . . . ............... SAO 
Barbatia (Plagiarca) rhomboidella . . . . . . . . . . .. ........... . . SAO 
Barbatia sp. . . . . . . . . . . . . . . . . . . .... .. . ... SAO, MME , MMG, SAJ 
Pachecoa sp . . . . . . . . . . . . . . . . . . . . . . . ......... SAO 
Glycymeris sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SAO 
Glycymeris staminea . . . . . . . . . . . . . . . . ..... ... ..... SAO, GP 
Lima sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... .. ... . SAO, SAJ 
Eburneopecten calvatus . . . . . . . . . . . . .. SAO, MMB 
Chlamys burlesonensis . . . . . . . . . ... .. . ... . .. . ... . .. . SAO , MMB 
Chlamys cawcawensis . . . . . . . . . .................... SAO 
Chlamys membranosa s. l. . . . . . . . . . . . . . . ... SAO, MMB 
Chlamys wahtubbeana s.l. . . . . . . . . . . . SAO, MMB 
Chlamys ( Aequipecten) sp. . . . . . . . . . . . . . . . . . . . . GP 
Chlamys spp . . . . . . . . . . . . . . . . . . . MMG, SAJ, GP 
Batequeus ducenticostatus . . . . . . . . . . . . . . . . . . . GP 
Spondylus lamellacea . . . . . . . . . . . . . . . . . . . . . . SAO, MMB 
Pteria sp. indet. . . . . . . . . . . . . . . . . . . . .... SAO 
Atrina sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... SAO, MMG? 
Nayadina (Exputens) sp. . . . . . . . . . . . . . . . . . . . . . . . . . .. .. MMG 
Lopha ["Alectryonia") ludoviciana .... ..... ...... .... .. ... SAO, MMB 
Cubitostrea sellaeformis . . . . . . . . . . . . . . . . . . . . . . . . . ..... SAO, MMB 
Pycnodonte trigonalis . . . . . . . . . . . .. .. . ... ....... . . . .... . GP 
Pycnodonte sp. . . . . . . . . . . . ....................... SAJ 
Plicatula filamentosa . . . . . . . . . .... . .. . .. . .... . .. ... .... SAO, MMB, MMG, SAJ 
Diplodonta ungulina . . . . . . . . . .... .......... ... ... . SAO 
Eophysema sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ... GP 
Chama monroensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SAO, MMB 
Venericardia (Venericor) claiboplata . . . . . . . . . . . SAO, MMB 
Venericardia (Rotundicardia) eutawcolens . . . . . . . SAO 
Venericardia (Rotundicardia) rotunda . . . . . . . SAO 
Glyptoactis (C laibornicardia) alticostata . . . . . . . . SAO, MME, MMG, SAJ 
Glyptoactis (C laibornicardia) complexicosta . . . . . . . .. .... . . . SAO, MMB 
Pleuromeris parva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SAO 
Lirodiscus smithvillensis . . . . . . . . . . . . . . . . . ... . ... . .. .. SAO 
Lirodiscus (Crustu loides) sp. . . . . . . . . ....... . ... SAO, MMG 
Crassatella willcoxi . . . . . . . . . . . . . . . . . . . . . . . . . . . .. SAO, MMG, SAJ 
Crassatella eutawcolens . . . . . . . . . . . . ........ .... ..... SAO, MMG, SAJ? 
Crassatella texalta . . . . . . . . . . . . . . . . . . . . . . . ...... SAO, MME 
Crassatella alta . . . . . . . . . . . . . . . . . . . ... . ....... SAO , GP 
Crassate lla sp . . . . . . . . . . . . . . . . . . . . . . . ...... ... ...... SAO 
A gnocardia claibornensis . . . . . . . . . . . . . . . . . . . . . . ... SAO 
Spisida (Symmorp homactra) praetenuis . . . . . . ...... . SAO 
S . (Symmorphomactra) praetenuis australina . . . . . . . . . . . . ...... SAO 
Spisula decisa palmaris . . . . . . . . . . . . . . . . . . . . . . . . .... SAO 
Gari eborea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. SAO 
Semele australina . . . . . . . . . . . . . . SAO 
Semele linosa . . . . . . . . . . . . . .. SAO, MMB 
Eosolen sp. . . . . . . . . . . . . . . . . . .. SAO 
Meiocardia carolinae .. SAO, MMB 
Callista aequora . . . . . . . . . . . . . .... . ....... SAO 
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Callista perovata ....... . ... .. ..................... . .... SAO 
C illista pero~ata lisbonensis ... .... ....................... . SAO, GP? 
p·tar poulsoni .......... .... ........................... SAO 
C rbu la (Caryocorbula) densata .. ... ........................ GP 
( aestocorbula wailesiana ...... ........................... GP 
( astrochaena sp ... . ... . .... . ........................... MMB 

holadomya harrisi ..... .... ............................ MMB 
Pholadomya spp. . .. . ...... ... .......................... SAO SAJ 
Diodora tenebrosa antica ... ...... ........................ SAO' 
Puncturella (Altrix) altior ...... .......................... SAO, MMB 
..,urritella arenicola .... ...... .... ....................... SAO GP 
Turritella ghigna ......... ....... ....................... SAO'. MMB 
Wesalia claibornensis . ........ .... ....................... SAO 
Mesalia sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... MMG 
Serpulorbis squamulosus ..... ........ ..................... SAO 
Sheilea sp. . ......... ... ......... ..................... SAO, MMB, MMG, SAJ 
Calyptraea aperta ........ ..... ......................... SAO 
,...ypraeorbis alabamensis ... . ........ ..................... SAO 
'enophora sp ........ .... ......... ..................... SAO 
1\T t' " 'l a ica sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... SAO, MMB 
f. Sconsia sp. . ...... .... ..... .. ....................... GP 
istorsio septemdentata . ........... . .. ................... SAO 

'-i'i cus affinis ...... ..... ............................... SAO, SAJ 
icopsis penita ...... .. ..... ........ . .................. SAO, MMB 

T:'i copsis texana ..... ....... ............................ SAO 
Cirsotrema sp. cf. 

C.(Coroniscala) spillmani ... ............................ MMB 
Scalina sp. . ...... . .. ... .............................. GP 
Pseudoliva vetusta .... ... .. ............................. SAO 
"Clavilithes abruptus" of Kellum, 1926 ........................ SAO, MMB 
Clavilithes sp ....... ........ ........................... MMB 
Mitra (Fusimitra) sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... SAJ 
Agaronia alabamensis .... ...... ......................... SAO, MMB 
Voluticella levensis .. . .... .... .......................... SAO 
Athleta? cormacki? .. ....... ............................ SAO 
Caricella pyruloides . . . . . . . . . . . . . . . . . . .................. SAO 
Caricella spp. . ........ ...... .......................... SAO 
Santeevoluta wilmingtonensis ... ........................... SAO, MMB, MMG 
Lyrischapa sp. . ..... ...... .... ......................... MMG 
Conus smithvillensis var. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SAO 
"Dentalium" sp. . ... . ... ..... .......................... SAO 
Eutrephoceras carolinense . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... SAO, MMB,MMG, SAJ 
Aturia (Brazaturia) sp. cf. A. laticlavia . . . . . . . . . . . . . . . . . . .... SAO 
A turia spp ... .. . . . .. ....... ........................... MMG, GP 
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