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THE FAUNA AND PALEOECOLOGY OF THE LATE PLEISTOCENE 

MARINE SEDIMENTS OF SOUTHEASTERN VIRGINIA 

By 

R. S. SPENCER! AND L. D. CAMPBELL” 

ABSTRACT 

The late Pleistocene faunas of southeastern Virginia are essentially modern in character, with approximately 97 percent of 

the 332 species extant. The fossils are contained in two transgressive—regressive depositional cycles, assigned here to the Acredale 

and Powells Crossroads formations, two new stratigraphic units. One new species of gastropod, Cingula norfolkensis, is described. 

Paleoecologic analyses of Acredale assemblages and sediments indicate a cyclic event beginning with estuarine conditions and 

comparatively cool temperatures during the deposition of the basal Great Bridge Member. More open bay or inlet conditions 

and warmer temperatures were established during deposition of the superjacent lower part of the Norfolk Member, giving way 

to a sublittoral shelf environment and warm water temperatures at peak transgression during deposition of the upper part of the 

Norfolk Member. Overlying faunas indicate shallowing for the lower part of the Kempsville Member with temperatures similar 

to those indicated for the upper portion of the Norfolk. The upper part of the Kempsville Member deposits are a complex of 

beach sands, channel fill, and very shallow sublittoral environments with drastically reduced temperatures. 

The younger Powells Crossroads Formation, representing a second transgressive-regressive cycle, is less extensively developed, 

but two members can be recognized in the study area. Cool temperatures and estuarine conditions prevailed during deposition 

of the Londonbridge Member. Warm temperatures and sublittoral shelf environments prevailed during deposition of the lower 

portion of the Sand Bridge Member. Temperatures remained warm during deposition of the upper part of the Sand Bridge 

Member, while a lowering of sea level produced a complex of beach sands, washover fans, and channels dominated by intertidal 

species. 

This pattern of sea level and inferred temperature variation for the Virginia late Pleistocene section is compatible with the 

oxygen isotope and sea surface temperature patterns from deep sea cores from isotope stage S—70,000 to 125,000 years before 

the present. 

INTRODUCTION 

The first definitive work on Virginia’s marine Pleis- 

tocene fauna was done by Woolman and Boyer (1898), 

who listed species found in spoil along the banks of 

the Dismal Swamp Canal and who correctly recognized 

the mixed Pliocene—Pleistocene character of that de- 

posit. Subsequent work on the fauna was principally 

done by Clark and Miller (1912), Mansfield (1928), 

and H. G. Richards (summarized in 1962). Most of 

the interest and efforts of Virginia Pleistocene workers 

during the period 1900 to 1960 centered, not on the 

poorly-known faunas, but rather upon the delineation 

and interpretation of the various scarps and terraces 

(see Oaks and Coch, 1973, pp. 11-14 for an excellent 

summary). 

In the early and middle 1960’s, construction began 

on the Virginia Beach Expressway (Virginia Route 44) 

and Interstate Route 64, opening numerous sand pits 

in the lower Tidewater area for road bed material. The 

larger pits frequently penetrated fossiliferous Pleisto- 

cene sediments and a few attained maximum depths 

of 18 m. These pits offered a unique opportunity for 

the study in outcrop of Pleistocene faunas and sedi- 

ments. 

' Department of Geological Sciences, Old Dominion University, 

Norfolk, Virginia 23508. 

? Division of Sciences, University of South Carolina at Spartan- 

burg, Spartanburg, South Carolina 29303. 

Before highway construction, a series of test cores 

were taken along the proposed routings of the new 

roads. These cores, supplemented by additional bor- 

ings, provided Oaks and Coch with material for their 

dissertations and publications (Oaks and Coch, 1963, 

1968, 1973; Oaks, 1965; Coch, 1965). These studies, 

which presented the first cohesive analysis of the south- 

ern Virginia Coastal Plain, were sedimentologic and 

geomorphic rather than paleontologic, but they did 

include brief listings of species based upon Horace 

Richards’ identifications. The fauna was principally 

used to distinguish between Pleistocene and “‘York- 

town Miocene” assemblages. 

Our stratigraphic conclusions differ from those of 

Oaks and Coch in the relative and absolute age as- 

signments of certain stratigraphic units. We reject their 

application of the time-rock concept for determining 

formations, and consequently, relegate many of Oaks 

and Coch’s formations to member status. 

For a useful summary of Atlantic Coastal Plain stra- 

tigraphy and various concepts developed during the 

1960’s pertaining to formation recognition and cor- 

relation, the reader is referred to the numerous articles 

collected and edited by Oaks and DuBar (1974). Even 

with the comprehensive listing of 121 Pleistocene 

species from Wailes Bluffand Langleys Bluff, Maryland 

(Blake, 1953), progress on the paleontology of the area 

has lagged behind stratigraphic efforts. Richards (1966, 
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1967) published two brief notes recording Oaks and 

Coch’s new molluscan records. Meanwhile, large col- 

lections were obtained by the U. S. National Museum, 

by Gerald Johnson at the College of William and Mary, 

and by Randall Spencer at Old Dominion University. 

A most thorough collection of macrofossils was made 

by Paul Drez, then a student at Old Dominion Uni- 

versity. The vertebrate portion of the Drez collection 

has been published (Ray et al., 1968). Richards and 

Campbell (1972) published a brief report on some new 

Virginia Pleistocene molluscan occurrences. The Old 

Dominion, Drez, and Campbell collections provide the 

foundation of this report, supplemented by specimens 

from the U. S. National Museum provided through 

the courtesy of Dr. Thomas Waller. 

Regional study of the micropaleontology began with 

Woolman and Boyer (1898) who listed diatom species. 

Whitehead (1972) reported the late Wisconsinan to 

early Holocene palynology of the Dismal Swamp peat. 

Valentine (1971) and Cronin (1979) discussed and in- 

terpreted the ostracode fauna of the upper part of the 

Norfolk Member. 

From all sources we can document a fauna of 332 

invertebrate and vertebrate species (Table 1). Valen- 

tine’s (1971) ostracode samples were drawn from the 

upper part of the Norfolk Member and the lower part 

of the Kempsville Member only. With their deletion, 

252 species, which were sought in every member and 

section, remain. Recent distributional records were 

found for 223 of these species (Table 1), providing the 

data base from which our paleoecologic and paleocli- 

matic reconstructions are drawn. Table | also contains 

distribution data of each species encountered in this 

study by stratigraphic unit as well as their relative 

abundance in each of the stratigraphic units. The terms 

used in determining the relative abundance of a species 

in an assemblage are as follows: Abundant (A) = greater 

than 5 percent occurrence of a species in a sample; 

Common (C) = between | and 5 percent occurrence 

of a species in a sample; Some (S) = less than | percent 

occurrence of a species in a sample; and Rare (R) = 

two to 10 specimens of a species found from all spec- 

imens collected. 
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STRATIGRAPHIC FRAMEWORK 

Pleistocene stratigraphy for the Coastal Plain of 

southeastern Virginia is very complex, involving rapid 

lateral and vertical changes of a wide variety of back 

barrier, barrier, marginal marine and marine shelf fa- 

cies. Sometimes these lateral changes are so rapid, often 

occurring within a few meters vertically and less than 

100 m laterally, that two or three lithic types are en- 

countered within the confines of a single pit—for ex- 

ample, the Greenbrier Pit at locality 25 (Text-figs. 1, 

2). This problem is not unique to Virginia, but is char- 

acteristic of the Pleistocene and older sediments of the 

entire Coastal Plain area. Consequently, intra- and in- 

terregional correlation is very difficult and investiga- 

tions in paleoecology and geologic history that are 

predicated on a sound biostratigraphic framework en- 

counter great difficulties. 

Biostratigraphic division for the marine Pleistocene 

has been demonstrated for the early Pleistocene Ber- 

mont Formation (Unit A) of south Florida (Hoerle, 

1970; Olsson, 1968). Microfossil division of the Pleis- 

tocene Coastal Plain sediments has not been tested 

extensively to date. Hazel (1977) and Cronin and Hazel 

(1979) developed a biostratigraphic framework based 

on ostracodes for the Pliocene and lower Pleistocene 
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of Virginia and northern North Carolina and for the 

Pliocene and Pleistocene deposits of the Cape Fear 

Arch region of North and South Carolina, respectively. 

Cronin (1980) erected a biostratigraphic zonation for 

the Pleistocene. Because his ostracode-based Benson- 

ocythere saploensis Assemblage Zone (Cronin, 1981) 

includes all of the late Pleistocene as well as a signif- 

icant part of the middle Pleistocene, it is not yet pos- 

sible to correlate late Pleistocene events biostratigraph- 

ically with any assurance. 

Because the Pleistocene sediments in southeastern 

Virginia exhibit very rapid lateral change, both parallel 

and perpendicular to strand lines, attempts to erect 

lithostratigraphic units have resulted in formations with 

such complex facies relationships that they cannot be 

30 

correlated intra- or interregionally with any degree of 

certainty. The development of chronostratigraphic units 

requires a degree of precision of time not yet dem- 

onstrated for any eastern Coastal Plain Pleistocene sec- 

tion. Superposition, unconformities, and geomor- 

phology have been used to establish relative time 

relationships within the Virginia Pleistocene. It is ap- 

parently on these bases that Oaks and Coch (1973, p. 

107) designated their formations as time-stratigraphic 

units. However, these sediment complexes are trans- 

gressive-regressive sequences that should be time- 

transgressive rather than isochronous. This is one of 

the fundamental objections that Lowman (1949) raised 

to the use of “time-stratigraphy” in the Gulf Coast 

Cenozoic section. 

8 Kev ® : ee eee 2 z 
vie P PCa ¢ Lu 

ae h S 3) i ze 2 Wz : > : tS O 

sa Riis < oF ol S \o4 
ul 23 ® 

E(x l DE 2 Oe) 7 eae = 
~ ( Ss b 

OI (ANI e25033 8 < z 
, \ — =] 
= | Re EK 
~ I CHESAPEAKE > gg a 

po eles ae, r 
wn: | 

a | 
3: e3| | 

R: | 
ew 
a by 
BS SCN 

NORTH CAROLINA 
= 
SCALE 

Oo 5 J©O [3 20 Zou 
Text-figure 1.—Map of study area, southeastern Virginia, showing locations of collecting localities. 
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Cyclicity in the Gulf Coastal Plain has long been 

recognized (Stephenson, 1928). Lowman (1949), ob- 

jecting to the use of a time-stratigraphic classification, 

suggested that the stratigraphic framework of that area 

be defined in terms of regional transgressive—regressive 

features. Both Lozo and Stricklin (1956), and Young 

(1963) describe and use this cyclicity in their classifi- 

cations of the Cretaceous rocks of Texas; Fisher (1964), 

using depositional patterns, classified the Eocene rocks 

of the northern Gulf Coastal Plain; and Colquhoun 

(1969, 1971, 1974) embraces a similar viewpoint in 

his classification of the Atlantic Coastal Plain sedi- 

ments of South Carolina. In these studies, the defined 

cyclic units were described as standard stratigraphic 

formations. Until recently, Atlantic Coastal Plain 

SCALE 
(METERS) 

Pleistocene formations were determined on the basis 

of physiographic features such as scarps (Colquhoun, 

1974). As Oaks and DuBar (1974, table 5, p. 7) point 

out, since 1950 there has been a significant change from 

a “‘terrace-formation”’ to a standard stratigraphic for- 

mation concept, with geomorphic expression as one of 

many criteria. 

As indicated by Colquhoun (1971, 1974), the most 

consistent and unifying feature of Pleistocene Coastal 

’ Plain sediments is the transgressive—regressive nature 

of these sediments. The imprint of these diachronous 

events is the most effective means of clustering local 

stratigraphic elements into mappable units in south- 

eastern Virginia. 
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Text-figure 2.—Fence diagram representing the Greenbrier Pit (locality 25), showing complex facies relationships within a small area. 
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Text-figure 3 is an attempt to show the stratigraphic 

relationships between the findings of the authors and 

those of Oaks and Coch (1973) as well as to the ten- 

tative stratigraphic correlations proposed by Mixon, 

Szabo, and Owens (1982). The Great Bridge, Norfolk, 

and Kempsville formations of Oaks and Coch (1973) 

consist of laterally and vertically intergrading lithofa- 

cies and biofacies of estuarine silty sands, continental 

shelf sands, and beach to fluvial sands (Text-figs. 1, 4). 

The vertical succession of these sediments and con- 

tained fauna, grading from estuarine silty sands to open 

ocean shelf sands and beach sands, argue for a single 

diachronous transgressive-regressive event (Text-figs. 

1, 4). Consequently, the Great Bridge, Norfolk and 

Kempsville formations erected by Oaks and Coch 

(1973) should be seen not as formations, but rather as 

locally-significant members. The authors propose that 

this gradational sequence, mappable at the formational 

level, be called the Acredale Formation. 

The type section of the Acredale Formation is a sand 

and gravel pit near the municipality of Acredale, City 

of Virginia Beach, Virginia. It is located on the Kemps- 

ville 7.5’ Quadrangle at longitude 76°10'13”W and lat- 

itude 36°47'30’N, 0.5 mi southeast of the intersection 

of Indian River Road and Kempsville Road. A detailed 

section is provided under locality 17 of the Appendix, 

and faunal components are listed by beds (1 7a—f) under 

this same locality in Table 1. The base of the Acredale 

Formation is not exposed. Because of this and because 

mining excavations in the area are ephemeral, with 

exposures lasting only a few years at best, a currently- 

exposed reference section is herein established (loc. 33, 

Proposed by Mixon, Szabo and Owens, 1982 

Appendix; Text-fig. 4). It is located 0.33 mi north of 

the intersection of Centerville Turnpike and Kemps- 

ville Road (Mears Corner) at longitude 76°10'40”W 

and latitude 36°47'41”N on the Kempsville 7.5’ Quad- 

rangle. At this locality the base of the Acredale For- 

mation is marked by a layer of in situ tree stumps and 

boulders in sharp contact with underlying sediments. 

The term Norfolk Formation, proposed by Clark and 

Miller (1906), was originally based on the fossiliferous 

strata in the vicinity of South Norfolk (now City of 

Chesapeake) and was considered of Pleistocene age by 

Richards (1936). This unit was redefined by Oaks and 

Coch (1973, p. 70); was used by Johnson and Goodwin 

(1969) for the middle of three Pleistocene formations 

recognized on the York—James Peninsula; was partially 

incorporated by Johnson (1976) into his Tabb For- 

mation, which either overlies or is equivalent to the 

Sand Bridge Formation of Oaks and Coch (1973); has 

been tentatively extended into the Delmarva Peninsula 

(Cronin, 1980); and has been split into a post-140,000 

years B.P. Norfolk Formation and a pre-140,000 years 

B.P. Norfolk Formation (Mixon, Szabo, and Owens, 

1982). Mixon, Szabo, and Owens (1982) confine this 

latter to beds west of the Suffolk scarp and think that 

they might be equivalent to the Norfolk Formation as 

mapped by Johnson (1976), to the Rappahannock Riv- 

er beds (Cronin ef al., 1981), to the Accomack beds 

and to the Omar Formation as restricted by Owens 

and Denny (1979). These relationships are shown in 

Text-figure 3. Campbell et al. (1975) erected a Plio- 

Pleistocene stratigraphic framework for Virginia, North 

and South Carolina, and south Florida. Here, the Nor- 

Oaks and Coch, 
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10 BULLETIN 327 

FINE TO MEDIUM SAND 

CROSS-—BEDDED SAND 

COARSE SAND 

COBBLES AND BOULDERS 

PEBBLES 

METERS FEET MUDBALLS 

CLAY 

STIFF SILTY CLAY 

OVERBURDEN 

WORM TUBES 

Text-figure 4.—Measured sections of Pleistocene collecting localities, and interpreted ARIE LUA VED CELLS 
paleoecology. Numbers at the tops of sections refer to localities described in the Appendix. DISARTICULATED SHELLS 

Auredale Fin; K - Kempsvile Mbr., Acredale Fm. = Londonbridge Mbr, Powel TREE STUMPS 
Crossroads Fm.; N = Norfolk Mbr., Acredale Fm., S = Sand Bridge Mbr., Powells 
Crossroads Fm.; ¥Y = Yorktown Fm. Lowercase letters refer to specific sampling horizons 

within given sections (see Appendix; Table 1). 

|.0-—3 
4 

HHS OBODOB HE BE 



PLEISTOCENE FAUNA S.E. VIRGINIA: SPENCER AND CAMPBELL 
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folk Formation is considered Sangamon in age and 

equivalent to the Talbot Formation of North and South 

Carolina and to the Fort Thompson Formation of Flor- 

ida. Mixon, Szabo, and Owens (1982), based upon 

their interpretation of radiometric trends (which sug- 

11 
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gest differences in diagenetic modification of coralline 

material), speculate that the type Norfolk beds are 

equivalent in age to those dated at approximately 

95,000 years in South Carolina and to those dated at 

125,000 years in the Caribbean area. 
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Until there is sufficient biostratigraphic and radio- 

metric evidence either for or against the correlative 

nature of these units, it is prudent to use the term 

Acredale for beds marking a transgressive-regressive 

event commonly encountered in southeastern Virgin- 

ia, east of the Suffolk scarp. This proposed usage allows 

continuity with established literature, detailed descrip- 

tion of local stratigraphy, and the assignment of sed- 

iments from isolated cores or outcrops to undifferen- 

tiated Acredale when the proper subunit cannot be 

determined. : 

Similar gradational lithofacies and biofacies rela- 

tionships also are found for the Londonbridge and Sand 

Bridge formations of Oaks and Coch (1973). Conse- 

quently, these units are herein recognized as locally 

significant members. The authors propose that this 

younger gradational sequence be named the Powells 

Crossroads Formation. 

The type section of the Powells Crossroads For- 

mation is a sand and gravel pit 0.1 mi northeast of the 

intersection of Kempsville and Holland roads, known 

as Powells Crossroads and located at longitude 

76°8'00"W and latitude 36°50’00"”N on the Kempsville 

7.5' Quadrangle. The stratigraphic section is detailed 

under locality 18 (Appendix) and faunal components 

are listed under this same locality in Table 1. 

Much of the recent chronostratigraphic work post- 

dates the flooding of the Womack Pit (loc. 17; Text- 

figs. 1, 2, 3), which was used by Oaks and Coch as the 

type section of the Norfolk Formation. In the adjacent 

E. V. Williams Ferrel Farm Pit (New Light Pit of Cro- 

nin, 1979) located about 0.5 mi west of the Womack 

Pit (loc. 20; Text-figs. 1, 4), Belknap and Wehmiller 

(1980) mention an unconformity that separates Mer- 

cenaria beds, which were protein-dated at about 

300,000-350,000 years B.P. and 70,000-90,000 years 

B.P. These dates imply a hiatus of over 200,000 years 

(Belknap and Wehmiller, 1980). The lower Mercenaria 

beds (exposed in 1973) are directly correlated to the 

lower part of the Norfolk Member of Oaks and Coch’s 

(1973) redefined Norfolk Formation at the Womack 

Pit. However, at Yadkin Pit (loc. 21; Text-figs. 1, 4) 

Belknap and Wehmiller (1980) reported a protein date 

of 100,000 years B.P. from shell material in the Nor- 

folk Member. During our field investigation, the un- 

conformity at the Ferrel Farm (New Light) Pit was 

erosional, with both the upper part of the Norfolk 

Member and the lower part of the Kempsville Member 

missing, leaving only the Great Bridge Member and 

the lower part of the Norfolk Member underlying the 

unfossiliferous upper part of the Kempsville Member. 

In the nearby Womack Pit section (loc. 17; Text-figs. 

1, 3, 4) lower and upper Norfolk beds are conformable 

with each other and with the overlying Kempsville 

Member. Both members at this locality possess in situ 

Mercenaria beds with a serpulid reef commonly ocur- 

ring in the upper part of the Norfolk Member. The 

contact between the Norfolk Member and the Kemps- 

ville Member, therefore, varies from gradational, where 

the reef is not developed, to sharp, where the reef is 

present. This sharp contact is irregular due to varia- 

tions in reefal development. Cronin et al. (1981) pro- 

vided a measured section of the Ferrel Farm (New 

Light) Pit showing that pit expansion subsequent to 

our (1974) fieldwork has exposed both the upper part 

of the Norfolk Member with its serpulid reef and the 

overlying lower part of the Kempsville Member. These 

stratigraphic relationships are very similar to those 

found in the previously-mentioned Womack section. 

Uranium dates (Cronin et a/., 1981) obtained at this 

locality from corals collected more than two m above 

the serpulid reef and lying within the lower part of the 

Kempsville Member yielded a reading of 74,000 + 

4,000 years. In addition, Cronin et al. (1981) report a 

uranium date of 75,000 + 5,000 years at a nearby pit 

(Mears Pit), which was obtained from corals collected 

in the serpulid reef of the Norfolk Member. Similar 

radiometric dates of corals from this unit are reported 

by Mixon, Szabo, and Owens (1982). It appears likely 

that the unconformity cited by Belknap and Wehmiller 

(1980) is the contact between the reef facies in the 

Norfolk Member and the overlying gradational 

Kempsville Member. That being the case, the uranium 

dates are in conformity with the litho- and biostratig- 

raphy, and the 300,000-350,000 year protein date is 

herein discounted. Cronin et al. (1981), tentatively as- 

signed the clusters of uranium-series dates averaging 

72,000 + 5,000 years (Norfolk and Kempsville mem- 

bers, Acredale Formation) to isotope stage 5a (Emili- 

ani, 1955) and gave an estimated relative sea level of 

4 to 10 m above mean sea level (ASL) based upon in 

situ oysters, beach sands, cross-bedding, and nearshore 

faunal assemblages. It is interesting to note that the 

faunal assemblages analyzed in our study support this 

estimate, except for our localities 18b and 18d. These 

localities have a faunal assemblage indicating more 

open-marine conditions and possible higher paleo sea 

levels. 

That our southeastern marine Pleistocene deposits 

might preserve a patchwork of chronostratigraphically- 

diverse beds is supported by the growing data base of 

absolute dates (Mixon, Szabo, and Owens, 1982; Cro- 

nin et al., 1981). Haq, Berggren, and Van Couvering 

(1977) observe that the 100,000 year periodicity (Hays, 

Imbrie, and Shackleton, 1976) is superimposed on a 

larger harmonic of roughly 500,000 years, which has 

produced exceptional glacial advances at 1.5, 0.9, 0.6, 

and 0.3 million years. We assume that the standard 
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Table 2.—Faunal listing by taxonomic group occurring in the Great Bridge Member of the Acredale Formation showing zoogeographic 

distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

range 
Taxonomic group uncertain extinct 

Foraminifera # 3 0 

% 13 0) 

Porifera # 0 0 

% 0 0 

Coelenterata # 0 0 

% 0 0 

Bryozoa # 1 0 

% 0 0 

Annelida # 0 0 

% 0 0 

Mollusca # 0 0 

% 0 0 

Ostracoda # _ — 

% 

Larger Crustacea # 0 (0) 

% 0 0 

Echinodermata # 0 0 

% 0 0 

Vertebrata # 0 0 

% 0 0 

Totals # 4 0 

% 4 0 

exclusively 
northern southern exclusively 
Virginian Virginian Carolinian total 

2 18 0 23 

9 78 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 3 1 5 

0 0 0 

0 0 0 0 

0 0 0 

0 52 8 60 

0 86 14 

0 1 10) 1 

0 100 0 

0 0 0 0 

0 0 0 

0 4 0 4 

(0) 100 (0) 

2 78 9 93 

2 83 10 

North American continental Pleistocene epochs co- 

incide with these larger cycles and that the Virginia 

marine Pleistocene section discussed herein approxi- 

mates that expression. 

Age assignments and correlation of Pleistocene units 

will probably remain controversial, given the lack of 

index species and the difficulties and controversies sur- 

rounding relevant dating methods. 

FAUNAL ANALYSIS AND PALEOECOLOGY 

We document 332 species in nine phyla (Tables 1, 

2, 12), making the fauna one of the most thoroughly 

studied in the southeastern United States. Modern zoo- 

geographic distribution by phylum and member are 

listed in Tables 2-9. The upper part of the Norfolk 

Member and the lower part of the Kempsville Member 

are the only intervals for which ostracode data are 

available. Consequently, subsequent tables and anal- 

yses compile the faunas with and without the ostracode 

data for comparative purposes. Faunal totals by strati- 

graphic member and phylum are listed in Tables 10 

and 11. Diagnosis of measured sections and the in- 

ferred paleoecology can be found in Text-figure 4. Mea- 

sured sections can be found in the locality listing in 

the Appendix. 

The Sangamon interstadial containing the Acredale 

and the unconformably-overlying Powells Crossroads 

formations is well developed in southeastern Virginia. 

The Acredale Formation can be divided into three 

units, which, in ascending order, are the Great Bridge 

Member, the Norfolk Member, and the Kempsville 

Member. 

The Powells Crossroads Formation may be divided 

into the Londonbridge and overlying Sand Bridge 

members. 

ACREDALE FORMATION 

Great Bridge Member. —The Great Bridge Member 

is the lowermost unit to be exposed by pit excavations 

in the study area (locs. 17f, 18e, 22c, and 33; Text-figs. 

1, 4; Tables 1, 2). Typically, this unit has a matrix of 

silty to sandy clay and a sparse macrofossil assemblage 

(Table 2) with Mulina Gray, 1837 and Tagelus Gray, 

1847 common and reefs of Crassostrea Sacco, 1897 

locally important. Valves of Cyrtopleura costata (Linné, 

1758) were often found paired and in living position. 

Great Bridge bryozoans and foraminifers are domi- 

nated by Electra monostachys (Busk, 1854), Mem- 

branipora tenuis Desor, 1848, and Elphidium clava- 

tum Cushman, 1930. 

In addition to E. monostachys, and M. tenuis, the 

other bryozoans, Microporella ciliata (Pallas, 1766), 

Schizoporella errata (Waters, 1878), and Discoporella 

umbellata depressa (Conrad, 1841), are either com- 

paratively rare occurrences found on fragments of shell 

material, especially on worm tubes (Hydroides sp.) or 
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Table 3.—Faunal listing by taxonomic group occurring in the lower part of the Norfolk Member of the Acredale Formation, showing 

zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

range 
Taxonomic group uncertain 

Foraminifera # 6 0 

% 20 0 

Porifera # 0 0 

% 0 0 

Coelenterata # 0) 0 

% 0) 0 

Bryozoa # 2 0 

% 15 0 

Annelida # 0 0 

% 0 0 

Mollusca # 1 1 

% 1.5 1. 

Ostracoda # — — 

% 

Larger Crustacea # 0 0 

% 0 0 

Echinodermata # 0 0 

% 0 0 

Vertebrata # 1 0 

% 100 

Totals # 10 1 

9 

fragments to nearly whole cups of the free form, Dis- 

coporella umbellata depressa. These forms are not typ- 

ical estuarine species (Schopf, 1973). However, the 

condition of the material, as well as the fragmented 

nature of the bryozoans themselves, indicate that they 

were transported or reworked. Schopf (1973, p. 255), 

in analyzing reported occurrences (Osburn, 1933, 1944) 

of Chesapeake Bay bryozoans, cites what may be an 

analogous situation, 

. .. considering the nature of the currents, and the salt wedge, there 

appears to be good reason for believing that avicularia-bearing, nor- 

mal-salinity species were not indigenous to lower salinity waters of 

Chesapeake Bay but were in fact transported to the place where they 

were collected. 

The dominant fauna, exhibiting low species diver- 

sity and small population size, is characteristic of re- 

duced salnities in an estuarine environment. Judging 

from the number of southern elements in the fauna 

(Tables 2, 10, 12; Text-fig. 6), Great Bridge water tem- 

peratures were somewhat warmer than the present but 

slightly cooler than those inferred for the overlying 

Norfolk Member. 

Norfolk Member.—As the sea advanced, the Great 

Bridge estuarine facies was pushed progressively in- 

land, gradually giving way in the Kempsville area to 

the clayey to silty fine sands of the lower part of the 

Norfolk Member. A macrofauna (locs. 17e, 20b; Text- 

figs. 1, 4; Tables 1, 3) dominated by articulated bi- 

extinct 

exclusively 
northern southern exclusively 
Virginian Virginian Carolinian total 

3 21 0 30 

10 70 0 

0 1 0 1 

0 100 0 

0 0 0 0 

0 0 0 

0 10 2 14 

0 69 14 

0 2 0 2 

0 100 0 

1 58 8 69 

1.5 84 12 

0 2 0 2 

0 100 0 

0 0 0 0 

0 0 0 

0 0 0 1 

0 0 0 (0) 

4 93 10 119 

3 78 9 

valves referable to Tagelus Gray, 1847, Cyrtopleura 

Tryon, 1862, and Macoma Leach, 1817 still requires 

estuarine salinities, but the assemblage becomes sur- 

prisingly rich (Table 4), suggesting more open water 

such as a bay or inlet, particularly at locality 20b. The 

dominant microfauna includes the bryozoans Electra 

monostachys (Busk, 1854), Membranipora tenuis De- 

sor, 1848, and Schizoporella errata (Waters, 1878), and 

such foraminifers as Elphidium clavatum Cushman, 

1930, E. galvestonense Kornfield, 1931, E. tumidum 

Natland, 1938, Quinqueloculina seminula (Linné, 

1758), and QO. lamarckiana d’Orbigny, 1839. 

With continued transgression, the lower Norfolk es- 

tuarine environment was gradually replaced by a sub- 

littoral shelf environment. This part of the member 

(locs. 17d, 18d, 21, 22b, 25, 26, 27, 28, and 30; Text- 

figs. 1, 4; Tables 1, 4) marks the peak of the trans- 

gressive pulse with transitional marine faunas such as 

those found at localities 17d, 22b, and 25 giving way 

to more open marine faunas such as those found at 

localities 18d, 21, 26, 27, 28, and 30 (Table 1). It is 

typified by the loss of diagnostic estuarine species, 

domination by marine species, and a substantial in- 

crease in species diversity (Table 4). In the upper part 

of the Norfolk Member, there is an increase in the 

number of colder water species with a concomitant 

decrease in the number of warmer water species (Text- 

fig. 6; Tables 3, 4, 12) as well as the development of 
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Table 4.—Faunal listing by taxonomic group occurring in the upper part of the Norfolk Member of the Acredale Formation, showing 

zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

exclusively 
range northern southern exclusively 

Taxonomic group uncertain extinct Virginian Virginian Carolinian total 

Foraminifera # 12 0 3 26 0 41 

% 29 0) 7 63 0 

Porifera # 1 0 0 1 0 2 

% 50 0 (0) 50 0 

Coelenterata # 0 0 0 1 0 1 

% 0 0 (0) 100 (0) 

Bryozoa # 2) 0 0 10 2 14 

% 13 0 0 0 73 13 

Annelida # 0 0 0 2 0 2 

% (0) 0 0 100 (0) 

Mollusca # (0) 1 4 76 7 88 

% 0 1 4 86 8 

Ostracoda # 1 9 1 65 5 81 

% 1 11 1 80 6 

Larger Crustacea # 1 0 0 13 1 15 

% 7 0 (0) 87 7 

Echinodermata # (0) (0) 0 3 0 3 

% (0) (0) (0) 100 (0) 

Vertebrata # 1 0 0 5 0 6 

% 17 0 0 83 (0) 

Totals # 10 8 202 15 253 

% 7 4 3 80 6 

an extensive serpulid worm-rock reef (Hydroides spp.), 

particularly in the Kempsville area. The reef structures 

provided habitat for bivalves, crabs, and other large 

crustaceans and a solid substrate for a diverse bryozoan 

assemblage. Between these reefs, a diverse open-shelf 

assemblage is found in a blue-gray, fine-grained, quartz 

sand. In the more western localities (locs. 21, 25, 27, 

and 28; Text-figs. 1, 2, 4; Table 1), the macro- and 

microfauna show an increase both in relatively cool 

water and in estuarine species. This trend first makes 

itself apparent in the Norfolk Member at the Green- 

brier Pit (loc. 25; Text-figs. 1, 2, 4; Tables, 1, 4) ap- 

proximately 4.8 km (5 mi) west of the Kempsville area. 

At this locality, the serpulid reef is less extensively 

developed in its upper portion. There is also a notice- 

able decrease in overall species diversity. However 

within this faunal assemblage there is an increase in 

the number of estuarine species, and a slight increase 

in the number of cooler water forms (Table 1). The 

frequent occurrence of the cool-water bryozoan Cryp- 

tosula pallasiana (Moll, 1803), the dominant eury- 

thermal aspect of the entire fauna, and a reduction in 

warm-water associated foraminifers, bryozoans, and 

molluscs indicate temperatures cooler than their strati- 

graphic equivalents to the east. The westward trend to 

more brackish and cooler conditions is accentuated at 

the Yadkin Pit (loc. 21; Text-figs. 1, 4; Table 1) 24 km 

(15 mi) west of the Kempsville area. Estuarine or very 

shallow sublittoral conditions are indicated by com- 

monly-occurring bivalves such as Ensis directus (Con- 

rad, 1843), Mulinia lateralis (Say, 1822), and by frag- 

ments of [schadium recurvum (Rafinesque, 1820). The 

entire macro- and microfauna is much reduced both 

in species diversity and population size. The bryozoan 

population is dominated by Membranipora tenuis De- 

sor, 1848, a typical estuarine species. Other bryozoan 

occurrences are rare, consisting of worn and abraded 

fragments. The foraminiferal population is dominated 

by Elphidium of which E. clavatum Cushman, 1930, 

and E. brooklynense Shupack, 1934, are the dominant 

species. Reduced temperatures are indicated by the 

occurrence of Cyclocardia borealis (Conrad, 1831), and 

by the foraminifers Pseudopolymorphina cf. novan- 

gliae (Cushman, 1923) and Bucella frigida (Cushman, 

1922). 

This westward cooling in the upper part of the Nor- 

folk may reflect a time lag between maximum sea level 

and maximum temperature, such as was demonstrated 

for the late Wisconsinan (Balsam and Heusser, 1976), 

or it may reflect a normal faunal response to more 

rigorous, nearshore seasonal temperature fluctuations. 

Considering the diminution in size and extent of the 

upper portion of the serpulid reef at locality 25 and its 

faunal components and the relative increase in cool- 

water fauna within the upper part of the Norfolk Mem- 

ber at other localities, the first hypothesis is preferred. 



16 BULLETIN 327 

Table 5.—Faunal listing by taxonomic group occurring in the lower part of the Kempsville Member of the Acredale Formation, showing 

zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

range 
Taxonomic group uncertain 

Foraminifera # 4 

% 14 

Porifera # 0 

% 0 

Coelenterata # 0 

% 0 

Bryozoa # aa | 

% 12 

Annelida # 0) 

% 0 

Mollusca # 1 

% 1 

Ostracoda # 1 

% 2 

Larger Crustacea # 0 

% 0 

Echinodermata # 0 

% 0 

Vertebrata # 10) 

% 0 

Totals # 7 

% 4 

In addition to the above-mentioned lag between sea 

level and temperature maxima, the preferred interpre- 

tation also implies time transgression of the deposit. 

Inferred temperature changes through the stratigraphic 

sections under consideration are discussed in a later 

section of this paper. 

Kempsville Member.—The sublittoral, open-shelf 

environment and gradual cooling initiated during the 

deposition of the upper part of the Norfolk Member 

was continued during the deposition of the gray, fine 

sand of the lower part of the Kempsville Member (locs. 

17c, 22a; ‘““Mactra” bed of Oaks and Coch, 1973, p. 

81; Text-figs. 1, 4; Tables 1, 5). Diversity remained 

high (Table 5) with warm-water marine species still 

predominating but with cold-water forms continuing 

to increase. Regression and shallowing is reflected in 

the gradual change from fine to coarse sand and in the 

presence of worn, single valves of Crassostrea virginica 

(Gmelin, 1791). Increased energy is indicated by the 

predominance of large, concave-down bivalve shells, 

and in the upward gradation of lithofacies into the 

nearshore and beach sands and channel fills of the 

upper part of the Kempsville Member. 

The upper part of the Kempsville Member at Wo- 

mack Pit consists of what appears to be an overlying 

beach ridge at 18 ft above sea level containing molds 

of Spisula solidissima (Dillwyn, 1817) (locs. 17a, 17b; 

Text-figs. 1, 4; Tables 1, 6) and an underlying shallow- 

extinct 

(=) 

GOV TOO On (Or Or ONG a GOO) OS (OO Oi) (© 

exclusively 
northern 
Virginian 

southern 
Virginian 
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water sand and channel gravel sequence containing 

such northern, cold-water species as Cryptosula pal- 

lasiana (Moll, 1803), Cyclocardia borealis (Conrad, 

1831), Astarte castanea (Say, 1822), Buccinum unda- 

tum undatum Linné, 1758, Colus pygmaeus (Gould, 

1841), walrus, great auk, murre, and breeding popu- 

lations of seals and gannets. Southern elements (Table 

6) are not eliminated, but are reduced in number, often 

worn, and possibly reworked. Although sea level was 

elevated, inferred temperatures for the upper part of 

the Kempsville Member are lower than those of the 

present Virginia coast. This conclusion was first drawn 

on vertebrate evidence by Ray et al. (1968) but then 

was rejected because of the presumably contradictory 

invertebrate evidence. However, the invertebrate fau- 

na directly associated with the boreal vertebrates at 

Womack Pit show a similar increase in boreal influ- 

ence. 

Oaks and Coch (1973) defined the contact between 

their Norfolk and Kempsville formations as the top of 

the serpulid reef in the type localities at the Womack 

Pit. This is a biofacies contact. The non-annelid fossils 

demonstrate faunal continuity across the boundary 

(Text-fig. 4). In this study, we have used the same 

annelid-reef boundary between the Norfolk and 

Kempsville members for continuity with Oaks and 

Coch’s (1973) basic stratigraphic framework and ar- 

bitrarily for delineating sea levels and sea temperature 

changes. 
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Table 6.—Faunal listing by taxonomic group occurring in the upper part of the Kempsville Member of the Acredale Formation, showing 

zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

range 
Taxonomic group uncertain extinct 

Foraminifera # 0 0 

% 0 0 

Porifera # 0 0 

% 0) 0 

Coelenterata # 0 0 

% 0 0 

Bryozoa # 1 0 

% 100 0 

Annelida # 0 0 

% 0 0 

Mollusca # 0 3 

% 0 6 

Ostracoda # — —_ 

% 

Larger Crustacea # 2 0 

% 29 0 

Echinodermata # 0 0 

% 0 0 

Vertebrata # 1 1 

% 5 5 

Totals # 4 4 

% 5 5 

exclusively 
northern southern exclusively 
Virginian Virginian Carolinian total 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 1 

0 0 0 

0 0 0 0 

0 0) 0 

5 41 3 52 

10 78 6 

0 5 0 7 

0 71 0 

0 0 0 0 

0 0 0 

5 12 0 19 

26 63 0 

10 58 3 79 

13 73 4 

The fauna at the Owl Creek Marina (loc. 23; Table 

1), the easternmost of our localities, deserves separate 

mention. Fossiliferous sand was encountered at ap- 

proximately 40 ft below sea level during pump-dredg- 

ing operations to replenish eroding tourist beaches. 

The fauna was dominated by Astarte castanea (Say, 

1822), with rarer Cyclocardia borealis (Conrad, 1831), 

Lunatia heros (Say, 1822), Nassarius trivittatus (Say, 

1822), and Atractodon stonei (Pilsbry, 1893). These are 

exclusively cold-water species and hence are somewhat 

younger than those found at the Womack Pit (loc. 17b). 

Daniel Belknap kindly tested a valve of a species of 

the mollusk Astarte from Owl Creek by protein-dating 

techniques and found a D/L Leucine ratio of 0.209, 

which he interpreted as 60,000 + 20,000 years B.P. 

At 40 ft below sea level, this cold-water fauna must 

underlie the fossiliferous strata encountered in piston 

cores taken just offshore of Virginia Beach, Virginia 

(Shideler et al., 1972; Zellner, 1979). All species of the 

genera reported from these two studies require open- 

shelf, shallow, sublittoral conditions and relatively 

warm temperatures. Although both of these papers re- 

fer these beds to the Norfolk Formation, the offshore 

material taken by dredge at Owl Creek is thought to 

be the seaward equivalent of at least the upper part of 

the Kempsville Member of the Acredale Formation, 

while that obtained by piston core is thought to be the 

seaward equivalent of the Sand Bridge Member of the 

Powells Crossroads Formation. 

POWELLS CROSSROADS FORMATION 

The Powells Crossroads Formation consists of the 

Londonbridge and Sand Bridge members. Evidence for 

a separate transgression was especially abundant in the 

Powells Crossroads (now “Mt. Trashmore’”’ recreation- 

al area) Pit (loc. 18, Appendix). Here the intervening 

Kempsville Member is completely removed and the 

contact between the Norfolk Member and the basal 

Londonbridge Member is erosional and very sharp. 

The very diverse fauna of the Norfolk Member at this 

locality, indicating cool, sublittoral conditions, is in 

marked contrast to the low diversity, marsh to estu- 

arine, warmer-water fauna found in the Londonbridge 

Member of the Powells Crossroads Formation (cf. locs. 

18c, 18d, Table 1). The Londonbridge fauna and silt- 

clay sediments typify inner estuarine deposition, the 

leading facies in a transgressive sequence. Core evi- 

dence (Oaks and Coch, 1973) indicated that the Lon- 

donbridge and fossiliferous Sand Bridge members ov- 

erlie truncated Kempsville deposits to the west of the 

Powells Crossroads Pit before pinching out at an ele- 

vation of about 21 ft. 

Londonbridge Member.—The Londonbridge silty 

clays bear a striking resemblance to the Great Bridge 

sediments but have a fauna of only 14 species (loc. 

18c; Text-figs. 1, 4; Tables 1, 7). Like the Great Bridge 

sediments, the Londonbridge represents the marsh and 

estuarine deposits of a warm transgressing sea (Table 
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Table 7.—Faunal listing by taxonomic group occurring in the Londonbridge Member of the Powells Crossroads Formation, showing 

zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

range 
Taxonomic group uncertain extinct 

Foraminifera # 0 0 

% 0 0 

Porifera # 0 0 

% 0 0) 

Coelenterata # 0) (0) 

% 0 0 

Bryozoa # 0 0 
% 0 0 

Annelida # 0 0 

% 0 0 

Mollusca # 0 0 

% 0 0 

Ostracoda # — — 

% 

Larger Crustacea # 0 0 

% (0) 0 

Echinodermata # 0 0 

% 0 0 

Vertebrata # (0) 0 

% 0 0 

Totals # 0) 0 

% 0 0 

7). The free-living marine cup bryozoans Cupuladria 

biporosa (Canu and Bassler, 1923) and Discoporella 

umbellata depressa (Conrad, 1841) in this stratigraphic 

unit seem to be transported, since fragmented and whole 

specimens were found in a thin lens of medium to 

coarse sand that appears to be part of a wash-over 

deposit. 

Sand Bridge Member.—The basal portion of this 

unit is a gray, silty sand containing lenses of clay and 

fossil hash as well as a bay to tidal fauna that consists 

predominantly of Ensis directus (Conrad, 1843), Diva- 

linga quadrisulcata (d’Orbigny, 1842), and Nucula 

proxima Say, 1820. These sediments grade upward 

into gray sands that contain a rich and diverse sublit- 

toral assemblage. Commonly-occurring Nuculana acu- 

ta (Conrad, 1832), Argopecten gibbus (Linné, 1758), 

Dinocardium robustum (Lightfoot, 1786), Pitar mor- 

rhuana (Linsley, 1845), Pandora gouldiana (Dall, 

1886), Periploma leana (Conrad, 1831), Circulus li- 

ratus (Verrill, 1882), Epitonium angulatum (Say, 1830), 

Lunatia heros (Say, 1822), Atractodon stonei (Pilsbry, 

1893), Terebra concava (Say, 1827), and T. dislocata 

(Say, 1822), give the lower part of the Sand Bridge 

Member an immediately recognizable character be- 

cause these species are consistently rare in the other 

members. In addition to these, this lower part of the 

Sand Bridge Member also contains well-preserved in- 

dividuals of molluscan species such as Argopecten gib- 

bus, Mercenaria campechiensis (Gmelin, 1790), Cir- 

exclusively 
northern southern exclusively 
Virginian Virginian Carolinian total 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 (0) 0 

0 0 0 

0 1 1 DD 

0 50 50 

0 0 0 0) 

0 0) 0 

1 11 0 12 

17 83 0 

0 0 0 (0) 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

1 12 1 14 

i 86 7 

culus liratus, Epitonium multistriatum (Say, 1826), 

Prunum roseidum (Redfield, 1860), Kurtziella cerina 

(Kurtz and Stimpson, 1851); bryozoan species such as 

Cupuladria owenii (Gray, 1828), Discoporella umbel- 

lata (Conrad, 1841), Schizoporella errata (Waters, 

1878), Hippoporida calcarea (Smitt, 1873), Cryptosula 

pallasiana (Moll, 1803); and foraminifers such as 

Quinqueloculina lamarckiana (d’Orbigny, 1839), E/- 

phidium articulatum (d’Orbigny, 1839), E. discoidale 

(d’Orbigny, 1839). These faunal elements, found in the 

gray sands of the lower part of the Sand Bridge Member 

at localities 18b and 20a (Text-figs. 1, 4; Tables 1, 8), 

have southern affinities and indicate an open marine 

environment with possible water depths ranging from 

5 to 30 m. As noted previously, fossiliferous material 

encountered in piston cores just offshore appears to be 

the marine equivalent of the Sand Bridge Member. 

The open-marine deposits of the lower part of the 

Sand Bridge Member grade upward into deposits that 

contain a fauna typical ofan intertidal and very shallow 

nearshore environment. Here, the upper part of the 

Sand Bridge Member is characterized by coarser, com- 

monly cross-bedded sands that contain a fauna dom- 

inated by Mulinia lateralis (Say, 1822) and Donax roe- 

meri protracta (Conrad, 1849) (locs. 18a, 19; Text-figs. 

1, 4; Tables 1, 9). 

This part of the Sand Bridge Member was mapped 

by Oaks and Coch (1973) as unfossiliferous beach and 

sheet sands. Both localities were visibly part of beach 
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Table 8.—Faunal listing by taxonomic group occurring in the lower part of the Sand Bridge Member of the Powells Crossroads Formation, 

showing zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

exclusively 
range northern southern exclusively 

Taxonomic group uncertain extinct Virginian Virginian Carolinian total 

Foraminifera # 4 0 4 21 0 29 

% 14 0 14 72 0 

Porifera # 0 0 0 0 (0) 0 

% 0 0 0) 0 (0) 

Coelenterata # (0) 0 (0) 0 0 0 

% 0 0 0 0 0 

Bryozoa # 2 0 0 4 2 8 

% 25 0 0 50 25 

Annelida # 0 0 (0) (0) 0 0 

% 0 0 (0) 0 0 

Mollusca # 0 1 2 53 6 62 

% 0 2 3 85 10 

Ostracoda # ~ — _ — — _ 

% 

Larger Crustacea # (0) 0 0 2 0 2 

% 0 0 0 100 0 

Echinodermata # 0 0 0 0 0) 0 

% (0) 0 0) 0 0 

Vertebrata # 0 0 0 1 0 1 

% 0 0 (0) 100 0 

Totals # 6 1 6 81 8 102 

% 6 l 6 79 8 

Table 9.—Faunal listing by taxonomic group occurring in the upper part of the Sand Bridge Member of the Powells Crossroads Formation, 

showing zoogeographic distribution by subprovince using the number and percent of species occurrences within each taxonomic group. 

exclusively 
range northern southern exclusively 

Taxonomic group uncertain extinct Virginian Virginian Carolinian total 

Foraminifera # 2 0 3 13 0 18 

% 11 0 17 2 0 

Porifera # (0) (0) 0 1 0 1 

% 0 0 0 100 0 

Coelenterata # 0 0 0 0 0 0 

% 0 0 0 (0) 0 

Bryozoa # 1 0 (0) 2 1 4 

% 25 0) 0 50 25 

Annelida # 0 (0) (0) 1 0 1 

% 0 0 0 100 0 

Mollusca # 0 3 1 3 4 1 

% 0 5 2 87 7 

Ostracoda # - - — — - — 

% 

Larger Crustacea # 0 0 0 2 0 2 

% 0 0 0 100 0 

Echinodermata # 0) 0 0 0 0 0 

% 0 0 0 0 0 

Vertebrata # 0 0 0 0 0 0 

% 0 0 0 0 0 

Totals # 3 3 4 72 5 87 

% 3 3 5 83 6 
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complexes, with the Zahyer (Pavab) Pit (loc. 19) ap- 

pearing to be part of a washover fan. 

CLUSTER ANALYSIS 

In order to assess the validity of our paleoecologic 

interpretations, we conducted an independent analysis 

of the fauna using binary (presence—absence) coefh- 

cients and cluster analysis. The unweighted pair—group 

method was employed in the Q-mode clustering tech- 

nique using the Otsuka coefficient. This similarity coef- 

ficient is defined (Cheetham and Hazel, 1969) as: 

aca 
NN, 

where C equals the number of taxa in both units being 

compared; N, equals C plus all taxa that are present 

in the first unit, but not the second; and N, equals C 

plus all taxa present in the second unit, but not the 

first (see Cheetham and Hazel, 1969; Sokal and Sneath, 

1963; and Hazel, 1970 for comparisons and discus- 
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sions of similarity coefficients). The resulting dendro- 

gram (Text-fig. 5) matches our paleoecologic analysis 

very well. Samples 17f, 17e, 18c, and 20b from the 

Great Bridge Member and the lower part of the Norfolk 

Member form cluster A, representing an estuarine fau- 

na. The remaining samples from several different 

members and formations form cluster B, which rep- 

resents a variety of more marine environments. Within 

this large cluster there are several smaller groups. Sub- 

cluster B1 contains localities 17d, 22b, 22a, and 25 

from the Norfolk and Kempsville members. These lo- 

calities have faunas representing transitional marine 

environments such as open-bay. An exception appears 

to be sample 22a from the Kempsville Member, which 

the authors have called a shallow to nearshore, marine 

deposit. The sharp basal contact of this unit with the 

underlying Norfolk Member, along with the lenses and 

beds of pebbles, broken and abraded shell material, 

and disarticulated shells within the Kempsville 

Member, suggests reworking of a part of the Norfolk 

Member and incorporation of some of its transitional 
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Text-figure 5.—Q-mode dendrogram showing pair similarity (Otuska coefficient, unweighted pair—group method) of 17 samples in the study 

area, based upon the occurrences of 195 species of foraminifera, bryozoans, gastropods, and pelecypods. Samples 17a and 18c were deleted 

from the analysis because of unacceptably low species diversity. 
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marine fauna into the Kempsville Member. The pre- 

servation of this reworked material would cause this 

sample to cluster where it did because unweighted bi- 

nary coefficients were used. 

Subcluster B2 contains samples representing marine 

environments. Of these samples, 18d from the upper 

part of the Norfolk Member and 18b from the lower 

part of the Sand Bridge Member represent marine shelf 

environments and group closely together. The remain- 

ing samples, except for those from localities 20a and 

21, represent shallow to nearshore marine environ- 

ments. Sample 20a represents a reworked deposit found 

in achannel cut into the Norfolk and Kempsville mem- 

bers, while sample 21 represents a fauna from an en- 

vironment that ranged from bay to very shallow, sub- 

littoral. It should be noted that within each of the 

clusters, the various stratigraphic units studied are 

grouped together according to biofacies, irrespective 

of stratigraphic position, both between and within the 

two transgressive-regressive formations. The range- 

through method (Cheetham and Deboo, 1973) was used 

in an attempt to reduce the biofacies influence, but had 

little effect upon the cluster pattern. 

TEMPERATURE AND SEA LEVEL 

The previous discussions in this paper have centered 

around developing a sequence of events for two late 

Pleistocene transgressions and are based upon paleo- 

ecologic analysis of an extensive fauna. Part of this 

analysis used inferred temperature regimes of the ob- 

served fauna. 

Temperature patterns for the Pleistocene sections in 

the study area are based on cumulative recent distri- 

butional records. Recent distributional ranges for 294 

of the 332 fossil taxa are recorded in Table 1. The 

ostracode data are deleted from the temperature anal- 

ysis because Valentine (1971) studied the Norfolk 

Member only, rather than the entire stratigraphic se- 

quence representing the Acredale and Powells Cross- 

roads formations. This leaves 223 species for which 

modern ranges are reasonably well known. However, 

the ostracode data of Valentine (1971) and Cronin 

(1979) do lend additional support to the inferred tem- 

perature analysis. The only section that Valentine 

(1971) sampled from both the lower and upper parts 

of the Norfolk Member is at his locality P2, which is 

the same as our locality 22 (Toy Avenue Pit, Appen- 

dix). The sample (Valentine, 1971; loc. P2—3) from the 

lower 3 ft of the Norfolk Member has a preponderance 

of ostracodes that today range both north and south 

of Cape Hatteras, with just a few species that are either 

exclusively northern or southern. His samples, strati- 

graphically higher in the Norfolk Member (Valentine, 

1971; locs. P2—2 and P2-1, 5 ft and 3 ft from the top, 

respectively), indicate an increase in the abundance 

and diversity of colder water ostracodes. Such cold- 

water species as Finmarchinella finmarchica (Sars, 

1865), Cytheridea sp. A of Valentine, 1971, Leptocy- 

there angusta (Blake, 1933), Muellerina canadensis 

(Brady, 1870), Muellerina aff. Muellerina lienenklausi 

(Ulrich and Bassler, 1904), appear for the first time, 

while ostracodes of southern affinities are absent in the 

upper portions of this section. Ostracode data from 

Cronin’s (1979) locality 4 (which is the same as the 

loc. 2 illustrated by Cronin et a/. (1981), and is the 

same as our loc. 20, but was sampled after pit expan- 

sion and subsequent to our fieldwork) also lends sup- 

port to this analysis. In his (Cronin, 1979) sample 6 

of locality 4 from the Norfolk Member, 15 species were 

recorded, of which 14 have well-documented geo- 

graphic ranges. Of these, eight species (57%) today range 

north and south of Cape Hatteras; five species (35%) 

are confined south of this geographic boundary; and 

one species (7%) lives north of Cape Hatteras. His 

(Cronin, 1979) sample 175 from the same locality is 

stratigraphically higher than his sample 6. It lies within 

the Kempsville Member and contains 26 recorded 

species. Of these, 19 species (73%) today range north 

and south of Cape Hatteras; three species (11%) are 

confined to the south; and three species (11%) are con- 

fined to the north of this boundary. In addition to the 

reduction of warm-water ostracodes and an increase in 

colder-water forms in the higher parts of the Acredale 

Formation, Cronin has also tentatively identified a ju- 

venile carapace as Cythere lutea Mueller, 1875, another 

cold-water ostracode, from sample 175 (oral commun., 

1982). Cronin (1979) did not use this species originally 

when he developed latitudinal and temperature ranges 

for the ostracode species found in sample 175. 

Relative temperatures can be calculated from our 

data. One method used for planktonic foraminifera 

(Ruddiman, 1971) has the formula: 

__ | cool sp. % — warm sp. % 
(i) TER x 100 

cool sp. % + warm sp. % 

where TR is relative temperature. Because the number 

of exclusively cold or warm species is small relative to 

the total fauna studied, the authors devised another 

method to calculate relative temperature that would 

not be dependent upon the anomalous occurrences of 

rare forms: 

(%B + %NV) 
(2) TR = %C — 5 

where TR is relative temperature; %C is the percentage 

of fossil species that range southward into the Caro- 

linian Province; %B is the percentage of fossil species 

also ranging northward into the Boreal Province; and 
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Table 10.—Faunal totals by stratigraphic unit and zoogeographic province, showing distribution by number and percent of species occurrences 

for all taxonomic groups. 

exclusively 
range northern southern exclusively 

Stratigraphic unit uncertain extinct Virginian Virginian Carolinian total 

Powells Crossroads Formation 

Upper Sand Bridge Member # 3 3 4 71 5 86 

% 3 3 5 83 6 

Lower Sand Bridge Member # 6 1 6 82 8 103 

% 6 1 6 79 8 

Londonbridge Member # 0 0) 1 12 1 14 

% 0 0 7 86 7 

Acredale Formation 

Upper Kempsville Member # 4 4 10 58 3 719 

% 5 5 13 73 4 

Lower Kempsville Member # 6 3 8 118 10 145 

% 4 2 5 81 7 

Upper Norfolk Member # 16 1 7 137 10 172 

% 9 1 4 80 6 

Lower Norfolk Member # 10 1 4 94 10 122 

% 9 1 3 78 9 

Great Bridge Member # 1 0) 2 78 9 93 

% 1 0 2 83 10 

Total # 22 7 18 180 24 251 

% 9 3 7 72 10 

Table 11.—Faunal totals by taxonomic group and zoogeographic province for all stratigraphic units, showing distribution by number and 

percent of species occurrences. 

exclusively 
range northern southern exclusively 

Taxonomic group uncertain extinct Virginian Virginian Carolinian total 

Foraminifera # 12 (0) 4 26 0 42 

% 29 0 10 62 0 

Porifera # 1 (0) 0 1 0 2 

% 50 0 0 50 0 

Coelenterata # 0 0 0 1 0 1 

% 0) 0 0 100 0 

Bryozoa # 2 0 0 11 2 15 

% 13 0 0) 74 13 

Annelida # 0 0 0 D, 0 2 

% 0 0 0 100 0 

Mollusca # 1 5 9 102 21 138 

% 1 4 il 74 15 

Ostracoda # 1 9 1 65 5 81 

% 1 11 1 80 6 

Larger Crustacea # 4 0 0 14 1 19 

: % 21 0 0 74 5 

Echinodermata # 0 0 0 3 0 3 

% 0 0 0 100 0 

Vertebrata # 2 2 5 20 0 29 

% 7 il 14 69 (0) 

Totals # 23 16 19 245 29 332 

% 7 5 6 74 9 

Total less Ostracodes # 22 7 18 180 24 251 

% 9 3 7 72 10 
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Table 12.—Summary of extant faunal zoogeographic distribution by stratigraphic unit with respect to inferred relative temperature and sea 

level. Data presented both with and without the ostracode fauna. See p. 21 for explanations of relative temperature factors. 

north-  south- 
ern ern 

Virgi- Virgi- Caroli- 

Stratigraphic unit 

Powells Crossroads Formation 

Sand Bridge Member 

Upper # 20 56 66 66 

% 25 70 82 82 

Lower # 22 64 82 77 

% 23 67 85 80 

Londonbridge Member # 6 10 12 11 

% 43 71 86 78 

Acredale Formation 

Kempsville Member 

Owl Creek loc. # 4 4 1 (0) 

% 80 80 20 0 

Upper # 34 51 53 53 

% 48 2 75 75 

Lower # 41 97 117 117 

(without ostracodes) % 30 71 85 85 

(with ostracodes) # 47 110 150 154 

% 27 62 85 88 

Norfolk Member 

Upper # 42 109 133 128 

(without ostracodes) % 28 71 88 84 

(with ostracodes) # 56 135 199 193 

% 23 57 85 82 

Lower # 22 71 92 94 

% 20 66 85 87 

Great Bridge Member # 23 66 81 79 

% 26 74 91 89 

%NV is the percentage of fossil species also ranging 

into the northern half of the Virginian Province 

(Northern Virginian Subprovince), which would ex- 

tend from northern New Jersey to Cape Cod. The 

Southern Virginian Subprovince, from central New 

Jersey to Cape Hatteras, is the study area and, there- 

fore, does not enter into our calculation. Because the 

species studied range from intertidal to littoral and 

sublittoral water depths of six to 12 m, they are pro- 

foundly influenced by land climates and temperatures, 

and consequently have broad tolerances. 

The basis for relative temperature in formula (2), 

therefore, is the degree of province range overlap and 

involves a greater number of species than formula (1). 

Tables 10 and 11 show the stratigraphic and taxonomic 

distribution of the fauna by province. Table 12 sum- 

marizes all data by stratigraphic unit and province for 

inferred temperature and sea level. 

Using either formula, the relative temperature curves 

are essentially similar (Text-fig. 6). In both measures, 

the modern range is for sublittoral to shallow-shelf 

environments. Buccinum undatum undatum (Linné, 

Boreal nian nian nian 

relative grasa 

north- south- PAOLA AOD rich- sea level 
total ern ern TR, TR, ness (m) 

80 4 5 9.1 34.5 80 +3.3 to 4.6 

5 6 

96 5 7 14.3 35.0 96 +7.9 to 9.5 

6 7 

14 1 1 0) 21.0 14 +6.7 to 7.9 

7 7 

5 3 0 —-10.0 —80.0 6 —3.3? 

50 0 

71 10° 3 —52.9 15.0 71 +5.5 to 6.7 

13 4 

136 8 10 16.7 34.5 136 — 

5 7 

176 

154 7 10 33.3 34.5 154 +13.7 to 15.2 

4 6 

235 

108 4 10 50.0 44.0 108 — 

3 9 

89 2 9 66.7 39.0 89 —30)itoy 15 

2 10 

1758), for example, is found off Norfolk, Virginia in 

the deep, cold waters of the outer shelf, but is found 

inshore only at higher latitudes. Consequently, it is 

considered an exclusively northern species in this study. 

By either temperature index, peak water temperature 

for the Acredale Formation (Text-fig. 6) was attained 

during the deposition of the Great Bridge Member and 

lower part of the Norfolk Member. Temperatures de- 

clined during the deposition of the upper part of the 

Norfolk Member and lower part of the Kempsville 

Member, and then plummeted during the deposition 

of the upper part of the Kempsville Member. 

Beginning with the deposition of the Londonbridge 

Member of the Powells Crossroads Formation, sea 

temperatures again began to rise. This warming trend 

continued during deposition of the Sand Bridge Mem- 

ber, signaling the onset of a second transgressive-—re- 

gressive event. 

The relationship of inferred sea temperatures to the 

paleoecology of the studied fauna indicates a time-lag 

between changes in sea temperature and correlated 

changes in sea level (Text-fig. 6) with the change in sea 
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temperature preceding changes in sea level. During the 

transgressive-regressive event that deposited the Acre- 

dale Formation, temperature increase led the trans- 

gressive phase, peaking before maximum sea level was 

attained. It again led the regressive phase of this cyclic 

event by starting to fall during the time elevated sea 

levels were depositing the upper part of the Norfolk 

Member. A similar situation appears to be true for a 

second transgressive—-regressive event, which formed 

Upper 

Sand Bridge 

Londonbridge 

Owl 

Creek 

Upper 

Kempsville 

Lower 

Kempsville 

Upper 
Norfolk 

Lower 

Norfolk 

Great 
Bridge 

the Londonbridge and Sand Bridge members of the 

Powells Crossroads Formation. Here, maximum tem- 

perature again preceded peak transgression with the 

decrease in the temperature curve less pronounced than 

that of the Acredale Formation. Temperature curves 

using both formulas indicate a decline in temperature 

for the regressive phase. The curve generated by for- 

mula (1) is more pronounced. A reason for this dis- 

crepancy may be that the regressive Sand Bridge de- 

eee Level 

-100 -80 -60 -40 -20 0 +20 +40 +60 +80 +100 

Relative Temperature 
= 25) -20 -15 -10 -5 0 +5 +10 +5 +20 +25 

Relative Sea Level 

(meters) 
Text-figure 6. Inferred relative sea water temperature (based on formulas TR, and TR,; see text and Table 12) and relative sea level for 

stratigraphic units in the study area. Both temperature curves indicate a time lag between temperature and sea level changes with changes in 

inferred sea temperature preceding changes in sea level. 
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posits containing reworked material from the 

underlying warmer-water deposits would have had a 

greater bias effect upon formula (2) because formula 

(2) is based upon overlapping geographic ranges of 

many species rather than on the much smaller number 

of species considered exclusively northern or southern. 

Sea-level estimates found in Table 12 are based upon 

the work of Oaks (1965), Oaks et a/. (1974), and Cronin 

et al. (1981). However, a problem is encountered in 

estimating sea levels for the lower part of the Sand 

Bridge Member. Oaks (1965) and Oaks et al. (1974) 

estimate sea level for the Londonbridge Member at 

+6.7 to 7.9 m (+22 to 26 ft) ASL (above mean sea 

level). This is based upon the highest occurrence of 

their clay-silt facies of the Londonbridge Member at 

near +4.5 m (+15 ft) ASL in the eastern part of the 

Dismal Swamp. They believe these deposits to be 

stratigraphically equivalent to beach sands at +6.7 to 

7.9 m (22 to 26 ft) ASL which are found about 32 to 

42 km to the east. Oaks (1965) and Oaks et al. (1974) 

inferred a sea level elevation of +3.6 to 5.2 m (+12 

to 17 ft) ASL for the lower part of the Sand Bridge 

Member. This estimate is based on elevations some 

13 to 19 km east of those taken for the Londonbridge 

Member. In addition, Oaks (1965) and Oaks et al. 

(1974) place the tidal to marsh deposits of the upper- 

most part of the Sand Bridge Member occurring near 

the Suffolk Scarp at elevations of +7.6 to 8.2 m (25 to 

27 ft) ASL. These regressional deposits are believed 

by Oaks (1965) and Oaks et al. (1974) to be strati- 

graphically equivalent to deposits occurring at + 5.2 to 

5.5 m (+17 to 18 ft) ASL along the west sides of the 

Oceana and Pungo ridges. They have invoked tilting 

to account for the measured elevations of this deposit 

near the Suffolk Scarp and a general lowering of sea 

level since deposition of the Londonbridge Member. 

The following evidence suggests that sea level during 

deposition of the Sand Bridge Member was higher than 

Oaks (1965) and Oaks et al. (1974) originally thought: 

(1) the in situ fauna at locality 18b is an open-marine 

shelf fauna, marking a period of maximum transgres- 

sion; (2) it is gradational with the underlying estuarine 

Londonbridge Member and overlying nearshore tidal 

and marsh environment deposits of the upper part of 

the Sand Bridge Member; and (3) the unbroken, un- 

abraded and well-preserved shells of such commonly- 

occurring mollusks as Dinocardium robustum (Light- 

foot, 1786), Bornia longipes (Stimpson, 1855), Argo- 

pecten gibbus (Linné, 1758), Mercenaria campechien- 

sis (Gmelin, 1790), Circulus liratus (Verrill, 1882), 

Epitonium multistriatum (Say, 1826), Prunum rosci- 

dum (Redfield, 1860), and Kurtziella cerina (Kurtz and 

Stimpson, 1851), found at locality 18b indicate water 

depths ranging from about five to about 20 m for this 

part of the Sand Bridge Member. 

Based on the preceding we have tentatively placed 

sea level for the lower part of the Sand Bridge Member 

at about +8 m ASL. This would mean that tilting 

would not have to be invoked to account for the high 

elevation of the upper part of the Sand Bridge Member. 

The marsh to tidal deposits occurring in the upper part 

of this member would have followed the retreating sea 

eastward toward lower elevations. 

ZOOGEOGRAPHY 

Valentine (1971) (see also Hazel, 1971, p. 371) found 

that 10 percent (eight of 80 species) of the Pleistocene 

ostracodes of the Norfolk Formation were Carolinian, 

and concluded that a separate warm-temperate prov- 

ince must have developed in southeastern Virginia 

during that time. Using Recent range data to determine 

apparent lethal limits, Valentine concluded that the 

Pleistocene seasonal variation ranged from a 20 to 22.5 

degree Celsius summer maximum to a 12.5 to 15 de- 

gree winter minimum, in contrast to a Recent range 

of 22.5 to 25 degrees summer maximum and 5 to 7.5 

degrees winter minimum. 

One complication of the “lethal limits” method is 

the problem of incompatible ranges such as that of the 

typically-Boreal Hemicythere villosa (Sars, 1865), which 

Valentine (1971, p. 7) found in eight of nine Norfolk 

samples, but deleted from this temperature calcula- 

tions. A more critical question to which the “lethal 

limit’? method might be applied would be, ““What cli- 

matic or other limitations prevented the invasion of 

the majority of the Carolinian species when the marine 

climate was supposedly so optimal?’ 

The mollusk data suggest a different zoogeographic 

interpretation for the study area. In the total Pleisto- 

cene fauna, 21 of 138 species, or 15 percent (Table 12), 

are presently restricted to Cape Hatteras or more 

southern waters (Coomans, 1962; Cerame-Vivas and 

Gray, 1966; Wass, 1972; Porter, 1974; Abbott, 1974; 

Campbell, 1976). However, within individual strati- 

graphic members we find a maximum of eight Caro- 

linian species. The disparate zoogeographic conclu- 

sions drawn from ostracodes (Valentine, 1971; Hazel, 

1971; Cronin, 1979) and mollusks (this study) are in 

good part a function of methodology and interpreta- 

tion, but they might also reflect real differences between 

the climatic responses of the two phyletic groups. How- 

ever, the addition of the ostracode distribution data 

(Valentine, 1971; Hazel, 1971; Cronin, 1979) to the 

remaining fauna (Table 12) produced a significant 

change only in the percentage figures of the northern 

Virginian column of Table 12. This change appears to 

be simply an artifact of the northern limit (New Jersey) 

of Valentine’s study area. The ostracodes’ climatic re- 

sponse therefore appears to be compatible with that of 

the other phyla. 
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The interpretation of thermal anomalies in the fossil 

record has been discussed by Zinsmeister (1974), based 

on occurrences in the Pleistocene and Recent molluscs 

of the California coast. He documents a number of 

molluscan species from Baja California, collected live 

up to 400 mi north of their breeding range. Their pe- 

lagic larvae are carried north by currents to become 

established as non-breeding outliers during milder sea- 

sons. Virginia Pleistocene specimens of Macrocallista 

nimbosa (Lightfoot, 1786), provide a good example of 

adventitious invasion. All specimens are juvenile, fall- 

ing into two size groupings that appear to be one- and 

two-year growth stages. Apparently, these clams were 

brought north by favorable currents, settled, and grew 

through the first summer. Some of the hardier indi- 

viduals survived through a mild winter and into the 

second summer before succumbing. A similar, but suc- 

cessful invasion of Macrocallista maculata (Linné, 

1758) has recently colonized Bermuda (Abbott and 

Jensen, 1967). 

Elements of the boreal Pleistocene fauna have been 

reported from southern Canada and New England 

(Clarke, Grant, and MacPherson, 1972; Richards, 

1962), indicating no significant northward shift in the 

zoogeographic boundary at Cape Cod. Internally, how- 

ever, warming waters did permit the invasion of a few 

Carolinian species into southeastern Virginia and the 

northward extension of some Southern Virginian Sub- 

province species as far as Long Island (Gustavson, 

1972). Northern Virginian Subprovince species in turn 

invaded the study area during deposition of the 

Kempsville Member when seas were cooler. 

Consequently, we conclude that the presence and 

relative abundance of northern and southern species 

are related to changes in water temperature of an in- 

terglacial sea. At no time during the deposition of the 

Acredale and Powells Crossroads formations was this 

change sufficient to change the zoogeographic equiv- 

alency of Pleistocene and Recent Virginia mollusk fau- 

nas at the provincial level. 

Additional distribution data have been taken from 

Allison (1973), Brown and Pilsbry (1913), Conrad 

(1831ff, 1832, 1833, 1834, 1835), Cooke (1945), DuBar 

(1959, 1971), DuBar, Solliday, and Howard (1974), 
Hopkins, Rowland, and Patton (1972), Jordan (1974), 

Mansfield (1928), Palmer (1927), Richards (1947), 

Stanley (1972), Vernburg and Vernburg (1970), and 

Wells (1961). 

SUMMARY 

Nine phyla comprising 348 species are documented 

and one new species is described, making the Virginia 

Pleistocene fauna the most thoroughly investigated 

along the East Coast of the United States. Detailed 

locality descriptions and their stratigraphic sections are 

given, along with an assemblage listing for each local- 

ity, as well as faunal interpretation by phylum and 

formational subdivision. A presence—absence, Q-mode 

clustering technique was employed on the data. The 

resulting dendrogram gave clusters of samples based 

upon their biofacies rather than upon any biostrati- 

graphic component, even when the range-through 

method was used. The clustering of samples is in close 

agreement with interpreted paleoecology. 

Biostratigraphic and ecostratigraphic analyses show 

that the Great Bridge, Norfolk, and Kempsville for- 

mations of Oaks and Coch (1973) represent basal trans- 

gressive estuarine, marine shelf, and regressive near- 

shore marine phases, respectively, of a single 

transgressive-regressive cycle of deposition. Because 

of the complex facies relationships that developed in 

such a sequence and because of intra- and interregional 

correlation difficulties, the above stratigraphic units 

have been reduced from formational status to locally 

significant members in this paper. The term “Acre- 

dale” is used at the formational level for the entire 

transgressive—regressive cycle. This permits direct cor- 

relation and continuity with established literature, rec- 

ognition of detailed local stratigraphy, and assignment 

to “undifferentiated Acredale” when the proper sub- 

unit cannot be established. By the same token, the 

Londonbridge-Sand Bridge units which are part of a 

second transgressive—regressive event are recognized 

as formal subdivisions, of member status, within the 

Powells Crossroads Formation. 

The fauna of the Acredale Formation shows a tran- 

sitional-upward change of paleoenvironments from 

cooler-water, estuarine conditions, as expressed by the 

Great Bridge faunal assemblage toward a warmer-water, 

open-marine environment. The beginning of a cooling 

event takes place during the time of maximum 

transgression, forming the upper part of the Norfolk 

Member and its contained fauna. Tracing the Norfolk 

fauna westward, the warm, open-marine conditions 

gradually change toward colder, brackish water. It is 

thought that this lateral temperature gradient is not 

due simply to the effect of shoaling on the range of 

seasonal temperature fluctuations. Rather, it is thought 

that the lateral temperature change was glacially in- 

duced, causing increasingly cool-water conditions with 

time. This implies that isotherms and isochrons are 

coincident, and illustrates the time-transgressive na- 

ture of the Norfolk sediments. This also shows that 

there is a time lag between peak sea temperature and 

maximum transgression. Such a time lag would be con- 

sistent with the presence of cold-water faunas in the 

overlying Kempsville +5.8 m (+19 ft) ASL stillstand 

that developed during the late Acredale regression. 
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A second transgressive-—regressive cycle is contained 

in the unconformably-overlying Powells Crossroads 

Formation. Here the basal unit, the Londonbridge 

Member, contains an estuarine assemblage that de- 

velops into an open marine, warmer-water fauna in 

the lower part of the overlying Sand Bridge Member. 

The marine shelf assemblage from this part of the Sand 

Bridge has a range of overlapping water depths of about 

six to 14 m, implying a sea level elevation greater than 

that postulated by Oaks and Coch (1973). Traced up- 

ward, the Sand Bridge fauna, like that of the Kemps- 

ville, develops cold-water aspects and shallow-marine 

conditions in the final regressive phase. 

Comparing the implied sea temperatures of the two 

cycles, it appears that sediments from the Powells 

Crossroads Formation were deposited in water colder 

than that for the underlying Acredale Formation. 

SYSTEMATIC PALEONTOLOGY 

INTRODUCTION 

The Pleistocene fauna of southeastern Virginia is 

essentially modern in character (97 percent of the 

species are extant). Many of the molluscan species are 

well described by Abbott (1954, 1974) and their re- 

description here is considered unnecessary. Conse- 

quently, a diagnosis only is given. Molluscan species 

either not described by Abbott (1954, 1974) or those 

requiring further definition are briefly described. The 

bryozoans are described in detail because no single 

comprehensive and readily-obtainable source is avail- 

able to the reader. The intent is to make this important 

faunal component more readily identifiable to other 

investigators of the Pleistocene. Bryozoan classifica- 

tion follows that of Cheetham and Sandberg (1964) 

and Cook (1968a, 1968b), while that for the mollusks 

follows Keen (1971). 

Abbott (1954) did not follow the ICZN Code (1961, 

sect. XI, Art. 51d, p. 51) which states, “If a species- 

group taxon was described in a given genus and later 

transferred to another, the name of the author of the 

species group name, if cited, is to be enclosed in pa- 

rentheses,”” but rather (Abbott, 1954, p. 86) stated, 

““Modern workers are attempting to abandon this use- 

less frill of nomenclature, and in this book they [pa- 

rentheses] are not used.” He later recanted (Abbott, 

1974, pp. 7, 8), following the Code. 

In the discussion of the species, observations on oc- 

currence and significance within the Virginia fauna are 

made where pertinent. Life habits of many of the bi- 

valves have been discussed by Stanley (1970), and Cas- 

tagna and Chanley (1973). These data have been used 

in some discussions, but the reader should consult the 

original references for further detail. Comparisons are 

frequently made with related species, both Tertiary and 

Recent, especially with species of the Virginia Neo- 

gene, because a knowledge of Pliocene species is nec- 

essary to appreciate the evolution of Pleistocene and 

Recent species and assemblages. In addition, the York- 

town Pliocene immediately underlies Pleistocene de- 

posits around and to the west of the Dismal Swamp, 

so spoil material in that area frequently contains mixed 

Plio-Pleistocene assemblages, making a knowledge of 

both faunas necessary in order to attain an accurate 

interpretation of the area. 

Geographic distribution is given by state, and ““Mas- 

sachusetts to Florida” means that these states contain 

the northern and southern limits of a species, but does 

not necessarily mean that the species has been recorded 

continuously through this range. Distributional data 

on the mollusks has come largely from Abbott (1954, 

1968, 1974), Dall (1892, 1903), Maury (1920, 1922), 

Richards (1962) and Wass (1972), that on the bryo- 

zoans from Maturo (1968) as well as other numerous 

publications that deal with bryozoans or other faunal 

groups. These are cited in the systematics. 

Most illustrated specimens are stored at the United 

States National Museum of Natural History and filed 

under the numbers, USNM 218151-218303. Two il- 

lustrated specimens, Nucula major Richards, 1944, and 

Epitonium championi Clench and Turner, 1952, are 

stored at the Academy of Natural Sciences, Philadel- 

phia (ANSP), under catalogue numbers 64321 and 

64322, respectively. The repository and catalogue 

number of other specimens are listed where known. 

Measurements of the bryozoan and micro-mollus- 

can material were made with an optical micrometer. 

A vernier caliper was used to obtain the measurements 

for the remaining molluscan material. 

The following terms are used to describe the mollusk 

taxa: minute—less than four mm; very small—five to 

10 mm; small—11 to 25 mm; moderate— 26 to 50 mm; 

large—51 to 100 mm; and very large—greater than 100 

mm. 

ACRONYMS OF REPOSITORY INSTITUTIONS 

AMNH: American Museum of Natural History, New 

York, NY, U.S.A. 

ANSP: Academy of Natural Sciences, Philadelphia, 

PA, U.S.A. 

ANSP,: Academy of Natural Sciences, Philadelphia, 

PA, U.S.A. (Paleontology) 

BMNH: British Museum (Natural History), London, 

England, U.K. 

LS: Linnaean Society of London, London, England, 

U.K. 

MCZ: Museum of Comparative Zoology, Cambridge, 

MA, U.S.A. 
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MUM: Manchester University Museum, Manchester, 

England, U.K. 

PRI: Paleontological Research Institution, Ithaca, NY, 

U.S.A. 

RAMM: Royal Albert Memorial Museum, Exeter, 

Devon, England, U.K. 

USNM: United States National Museum of Natural 

History, Washington, DC, U.S.A. 

YPM: Yale Peabody Museum, New Haven, CT, U.S.A. 

Phylum BRYOZOA Ehrenberg, 1831 

Order CHEILOSTOMATA Busk, 1852 
Family MEMBRANIPORIDAE Busk, 1854 
Genus MEMBRANIPORA Bainville, 1830 

Membranipora tenuis Desor, 1848 

Plate 1, figures 1, 4 

Membranipora tenuis Desor, 1848, p. 66. 

Membranipora tenuis Desor. Cook, 1968a, p. 127, pl. 2, fig. B, text- 

fig. 4. 

Description. —Zoarium encrusting, unilamellar or 

multilamellar; zooecia elongate, rectangular to hex- 

agonal; cryptocyst denticulate, granular, usually well- 

developed proximally, often asymmetrical, distally 

narrow rim around opesium; mural rim beaded, sep- 

arated from adjacent zooecia by thin line; tubercles 

often present. 

Diagnosis. —Zooecia have an asymmetrical, well-de- 

veloped proximal cryptocyst, a pair of lateral denticles 

larger than the others, and a beaded mural nm. 

Measurements (in mm).— 

length of 

primary 

orifice width of 

length of — width of including primary 

zooid zooid sinus orifice 

USNM 218151 

Number of 

Measurements 20 20 20 20 

Mean 0.424 0.274 0.246 0.192 

Standard 

Deviation 0.057 0.037 0.026 0.024 

Range 0.27-0.50 0.22-0.34 0.20-0.29 0.13-0.23 

Distribution. — Miocene: Florida, Jamaica; Pleisto- 

cene: Virginia; Recent: cosmopolitan, Atlantic and Pa- 

cific oceans, Gulf of Mexico, Caribbean Sea; shallow 

water (less than 31 m), reduced salinities to normal 

marine. 

Occurrence in this study. —Localities 17c, 17d, 17e, 

17f, 18b, 18d, 18e, 20a, 20b, 21a, 22a, 22b, 22c, 25a. 

Type information.—Holotype unknown. Figured 

hypotype: USNM 218151. 

Discussion. —Considerable variation occurs in this 

species as noted by Shier (1964) and illustrated by 

Osburn (1940). Cook (1968a, p. 128) studied in detail 

M. tenuis and related species. She states that depending 

on the amount of proximal cryptocyst and the devel- 

opment of the denticles, zooids of the same colony 

may be indistinguishable from M. arborescens Canu 

and Bassler, 1928, and M. savarti Audouin, 1826, but 

that usually M. tenuis has an asymmetrical, well-de- 

veloped proximal cryptocyst and a pair of lateral den- 

ticles longer than the others. 

Family ELECTRIDAE Lagaaij, 1952 

Genus ELECTRA Lamouroux, 1816 

Electra monostachys (Busk, 1854) 

Plate 1, figure 2 

Membranipora monostachys Busk, 1854, p. 61, pl. 70, figs. 1-4. 

Electra monostachys (Busk). Canu and Bassler, 1923, p. 17, partim, 

pl. 29, figs. 2, 3, non fig. 1. 

Electra hastingsae Marcus, 1938, p. 17, pl. 2, fig. 7. 

Electra monostachys (Busk). Lagaaij, 1963, p. 168, pl. 1, fig. 1. 

Description. — Zoarium encrusting; zooecia elongate, 

smooth-surfaced; proximal gymnocystal portion nar- 

rower, extending one-fourth to one-half of the zooecial 

length; opesium elliptical to oval; mural rim raised 

with seven to 10 pairs of spines arched over opesia; 

spines arranged with one distolateral (erect to semi- 

erect) pair somewhat thicker than the six to nine pairs 

of incurved lateral spines and with one stout, thick 

median proximal spine. Periancestrular budding lat- 

eral to distolateral. Basal wall of zooid etched into 

calcareous substrate. 

Diagnosis. —Elongate zooecia with a raised mural 

rim. The mural rim has a thick median proximal spine 

with either paired, arched distolateral spines, or seven 

to 10 pairs of spines arched over the opesia with disto- 

lateral pair thicker. 

Measurements (in mm).— 

length of 

primary 

orifice width of 

length of . width of including primary 

zooid zooid sinus orifice 

USNM 218152 

Number of 

Measurements 20 20 20 20 

Mean 0.404 0.252 0.292 0.167 

Standard 

Deviation 0.508 0.044 0.059 0.033 

Range 0.32-0.50 0.16-0.32 0.20-0.41 0.10-0.22 

Distribution.— Pliocene: South Carolina; Pleisto- 

cene: California, Texas, Maryland, Virginia; Recent: 

Bay of Fundy to Brazil, Balboa (Panama), two to 19 

fathoms in waters of low to normal salinity. 

Occurrence in this study.— Localities 17c, 17d, 17e, 

17f, 18e, 19a, 20a, 20b, 22a, 22b, 22c, 25a. 
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Type information.—Holotype unknown. Figured 

hypotype: USNM 218152. Dr. Patricia Cook states 

(written commun., 1983) that a lectotype has never 

been formally indicated but may be regarded as BMNH, 

Britain, 1899.7.1.1089; (see Ryland, 1969). 

Discussion. — Powell and Crowell (1967, p. 339) note 

that this species occurs in the Bay of Fundy region as 

two distinct forms that do not appear to intergrade. 

The first, referred to as the “*3-spine form” has paired 

distal lateral spines and one robust, proximal median 

spine. The second, referred to as the “multispinous 

form” has 12 to 20 spines around the opesia. All Vir- 

ginia specimens are of the multispinous form. The peri- 

ancestrular budding is very similar to that illustrated 

by Cook (1964, p. 394, fig. 1). 

Family CUPULADRIIDAE Lagaaij, 1952 

Genus CUPULADRIA Canu and Bassler, 1919 

Cupuladria biporosa Canu and Bassler, 1923 

Plate 1, figure 5; Plate 2, figure 7 

Cupuladria biporosa Canu and Bassler, 1923, p. 29, pl. 47, figs. 1, 2. 

Cupuladria biporosa (Canu and Bassler). Cook, 1965b, p. 203, pl. 

1, figs. 2A, B, 3A, B, 4A, B, 5, 6A, B, text-figs. 1g-j. 

Cupuladria biporosa (Canu and Bassler). Scolaro, 1970, p. 96, text- 

fig. 1. 

Description.—Zoarium discoidal to saucer-shaped; 

zooecia subrhombic to elongate hexagonal or octago- 

nal, quincunx pattern; mural rim distinct; cryptocyst 

granular, narrow distally, wide laterally and proxi- 

mally, descending gently laterally and often proximally 

forming salient shelf; opesia irregular, usually some- 

what oval or rounded rectangular; vibraculum auri- 

form, situated distal to each zooecium; basal surface 

divided into regular concentric series of small nearly 

square sectors with two to six pores. 

Diagnosis. — Basal surface divided into a concentric 

series of nearly square sectors, each with two to six 

pores. Opesia nearly straight-sided, one kind of ordi- 

nary vibracula, and auriform vicarious vibracula. 

Measurements (in mm).— 

length of 

primary 

orifice width of 

length of width of including primary length of width of 

zooid zooid sinus orifice avicularium avicularium 

USNM 218153 

Number of Measurements 20 20 20 20 20 20 

Mean 0.346 0.246 0.285 0.160 0.163 0.135 

Standard Deviation 0.030 0.021 0.041 0.016 0.015 0.016 

Range 0.29-0.38 0.21-0.31 0.20-0.35 0.12-0.18 0.14—0.20 0.11-0.17 

Distribution.— Miocene: Texas, Louisiana, Missis- 

sippi, Alabama, Florida, Jamaica, Dominican Repub- 

lic, Costa Rica; Pliocene: Louisiana, Florida, Argen- 

tina, Panama; Pleistocene: Louisiana, Virginia; Recent: 

California to Galapagos Is., Brazil, Colombia, West 

Indies, Gulf of Mexico, S.W. Mediterranean, Spain, 

Portugal, Canary Is., Madeira Is., Cape Verde Is., Sen- 

egal, Gulf of Guinea, Bay of Biafra. 

Occurrence in this study.— Localities 17d, 17e, 18c, 

18d, 19a, 20a, 22b. 

Type information.— Holotype: USNM 68425. Fig- 

ured hypotype: USNM 218153. 

Discussion. — Cook (1965b, pp. 197-209) discusses 

in detail the differences between C. biporosa and C. 

canariensis (Busk, 1859). The former has the basal 

surface divided into a concentric series of square sec- 

tors, each of which contains two to six pores while the 

latter possesses an irregular series of long rectangular 

sectors with six to 12 pores, interspersed with short 

wide sectors containing three to six pores. In addition, 

C. biporosa has the opesia almost straight-sided, a 

gently descending cryptocyst, one kind of ordinary vi- 

bracula, and auriform vicarious vibracula. The spec- 

imens described and illustrated by Scolaro (1970, p. 

96) from the Miocene Red Bay Formation differ from 

the Virginia Pleistocene specimen in the shape of the 

opesia, and the narrower, more steeply-descending 

cryptocyst. Only fragments of C. biporosa were found 

at the previously-mentioned localities and none have 

vicarious vibracula. 

Cupuladria owenii (Gray, 1828) 

Plate 1, figure 6; Plate 3, figure 6 

Lunulites owenii Gray, 1828, p. 8, pl. 3, figs. 15, a, b. 

Cupuladria owenii (Gray). Busk, 1854, p. 99, pl. 115, figs. 1-5. 

Cupuladria owenti (Gray). Cook, 1965b, p. 213, pl. 2, figs. 3A, B, 

text-fig. 2c. 

Description. — Zoarium saucer- to bowl-shaped; bas- 

al surface smooth to finely tuberculate, radially grooved; 

zooecia small, narrow, rhomboidal, radial to quincunx 

pattern; vestibular arch incurved, convergent with 

distinct distal denticles; lateral cryptocyst granular, de- 
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scending to four to six wide to narrow, irregularly- 

shaped denticles; vibraculum interzooecial, nonden- 

ticulate, auriform, situated at distal end of zooecia. 

Diagnosis. — Basal surface radially grooved. Lateral 

cryptocyst granular with four to six irregularly-shaped 

denticles. Vibraculum nondenticulate, auriform, at 

distal end of zooecia. 

Measurements (in mm).— 

length of width of 

zooid zooid 

USNM 218154 

Number of Measurements 20 ‘ 20 

Mean 0.287 0.253 

Standard Deviation 0.042 0.051 

Range 0.23-0.37 0.17-0.37 

Distribution.—Miocene: Florida, Maryland; Plio- 

cene: Florida, Virginia, South Carolina; Pleistocene: 

Virginia; Recent: Canary Islands to Bay of Biafra, South 

Africa. 

Occurrence in this study.— Localities 17d, 17e, 18b, 

18d, 22b. 

Type information. — Lectotype: BMNH, West Coast 

of Africa, 1899.7.1.4879. Figured hypotype: USNM 

218154. 

Genus DISCOPORELLA d’Orbigny, 1851 

Discoporella umbellata depressa (Conrad, 1841) 

Plate 1, figure 7; Plate 3, figure 7 

Lunulites depressa Conrad, 1841, p. 348. 

Discoporella umbellata depressa (Conrad). Cook, 1965a, p. 180, pl. 

3, figs. 2, 4. 

length of 

primary 

orifice width of 

including primary length of width of 

sinus orifice avicularium avicularium 

20 20 20 20 

0.207 0.110 0.139 0.130 

0.204 0.034 0.011 0.011 

0.17-0.25 0.06-0.20 0.11-0.16 0.10-0.15 

Description. — Zoarium free, cup- to saucer-shaped; 

basal surface with tubercles and radial grooves occa- 

sionally pitted; zooecia narrow, regularly-arranged, 

thomboidal with large interzooecial, non-denticulate, 

auriform vibraculum at distal end; lateral cryptocyst 

granular, descending steeply, horizontal part frequent- 

ly perforate; opesia large, semicircular, curved or slightly 

sinuate, proximally nondenticulate; opesiules large, ir- 

regular to rounded, four to nine in number. 

Diagnosis.— Narrow zooecia with large, rounded, 

nondenticulate opesia that have a curved proximal edge. 

Opesiules are large, rounded, four to nine in number, 

with narrow bars between them. Vibracular opesiae 

are smaller and nondenticulate. 

Measurements (in mm).— 

length of width of 

zooid zooid 

USNM 218155 

Number of Measurements 20 20 

Mean 0.332 0.300 

Standard Deviation 0.029 0.045 

Range 0.29-0.43 0.23-0.38 

length of 

primary 

orifice width of 

including - primary length of width of 

Sinus orifice avicularium avicularium 

20 20 20 20 

0.102 0.136 0.122 0.098 

0.012 0.007 0.009 0.006 
0.08-0.13 0.13-0.15 0.11-0.14 0.09-0.11 

Distribution.— Miocene: Dominican Republic, Ja- 

maica, Patagonia, Florida, Louisiana; Pliocene: Flor- 

ida, South Carolina, North Carolina; Pleistocene: Cal- 

ifornia, Virginia; Recent: North Carolina to Straits of 

Florida, Gulf of Mexico, Caribbean, Brazil, California 

to Ecuador, Hawaii, Galapagos at depths ranging from 

seven to 2723 fathoms. 

Occurrence in this study.—Localities 17d, 17e, 18b, 

18c, 18d, 18e, 19a, 20a, 21a, 22b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218155. 

Discussion. —Cook (1965a), in her work on the Cu- 

puladriidae, found consistent character differences in 

the D. umbellata complex between European and 

American fossil and Recent material, and consequent- 

ly, placed all American records in D. umbellata de- 

pressa. The American material according to Cook 

(196Sa, p. 176) is characterized by 

. .. Narrow zooecia, nondenticulate opesiae, with curved proximal 

edge, the relatively small size of the vibracular opesia, which is never 

denticulate, and the smaller number of large opesiules. 

The material described by Scolaro (1970) from the 

Miocene of northwestern Florida differs little from that 

found in the Virginia Pleistocene, the only notable dif- 

ferences being narrower zooecia and a more steeply- 

descending lateral cryptocyst for the Pleistocene spec- 

imens. 
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Family CRIBRILINIDAE Hincks, 1880 

Genus CRIBRILINA Gray, 1848 

Cribrilina punctata (Hassall, 1841) 

Plate 1, figures 3, 8 

Lepralia punctata Hassall, 1841, p. 368, pl. 9, fig. 7. 

Cribrilina punctata (Hassall). Gray, 1848, p. 117. 

Cribrilina punctata (Hassall). Ryland and Stebbing, 1971, p. 68, fig. 

1B. 

Description.—Zoarium encrusting; zooecia small, 

ovoid to subpolygonal; frontal convex, five to six pairs 

of usually ill-defined costae somewhat radially ar- 

ranged; small pseudopore on tubercle near base of each 

costa, occasionally more medial pseudopores also pres- 

ent; costae separated by three to five intercostal lacu- 

nae; lacunae round to irregular, outermost somewhat 

arch-shaped; orifice semielliptical to subquadrate; 

proximal part of orifice nearly straight apertural bar 

formed from distalmost costae, medially produced as 

a mucro; three to four spines represented by spine bases 

distal to orifice, proximalmost persist in presence of 

ovicell; avicularia small, acuminate, usually on both 

sides of apertural bar, distal part raised, directed dis- 

tally or distolaterally; ovicell globose to somewhat 

elongate, smooth, perforated by a small number of 

pseudopores. 

Diagnosis. — Frontal with five to six pairs of poorly- 

defined, somewhat radially-arranged costae with a 

pseudopore on a tubercle near the base of each costa. 

Proximal part of orifice is a bar with a central mucro 

while three to four spine bases occur distal to orifice. 

Ovicell smooth, and perforated by a small number of 

pseudopores. 

Measurements (in mm).— 

length of 

primary 

orifice 

length of width of including 

zooid zooid sinus 

USNM 218156 

Number of 

Measurements 20 20 20 

Mean 0.478 0.260 0.092 

Standard 

Deviation 0.112 0.030 0.012 

Range 0.35-0.62 0.20-0.31 0.07-0.12 

width of 

primary length of width of length of width of 

orifice avicularium  avicularium ovicell ovicell 

20 20 20 10 10 

0.122 0.065 0.039 0.194 0.200 

0.016 0.016 0.013 0.021 0.017 

0.09-0.15 0.03-0.09 0.02-0.06 0.15-0.23 0.17-0.23 

Distribution.— Miocene: Maryland; Pleistocene: 

Virginia; Recent: Baffin Bay to Massachusetts, exten- 

sive north and south of Cape Hatteras (Maturo, 1968, 

p. 276). 

Occurrence in this study.— Localities 17d, 22a. 

Type information.— Neotype: BMNH 1911.10.1.- 

679a. Figured hypotype: USNM 218156. 

Discussion. — The tuberculate ovicell with or without 

a median avicularium, reported by Ryland and Steb- 

bing (1971, p. 68) as sometimes being present, was not 

observed on the Virginia material. The specimens 

shown in Plate 1, figure 3, showing lacunae that are 

irregular in size and variable in number, are similar to 

those illustrated by Canu and Bassler (1923, p. 87, pl. 

15, fig. 11) and Osburn (1912, p. 232, pl. 24, figs. 41, 

41a, 41b). Those shown in Plate 1, figure 8, are very 

similar to that illustrated by Ryland and Stebbing (1971, 

p. 68, fig. 1B), Rogick and Croasdale (1949, pl. 4, figs. 

24, 25), and Osburn (1933, pl. 8, figs. 5, 6). This species 

is very similar to C. cryptooecium Norman, 1903. Ry- 

land and Stebbing (1971, p. 69) discuss in detail the 

differences between Cribrilina punctata and C. cryp- 

tooecium and state that the most obvious differences 

are the non-punctate ovicell bearing a V- or Y-shaped 

ridge and the large amount of secondary calcification 

in the latter species. 

Prenant and Bobbin (1966, p. 581) give a detailed 

synonymy and description of C. punctata. 

This species was originally regarded in North Amer- 

ica as a cold-water form having a southern geographical 

limit of Massachusetts, however, Maturo (1968) re- 

ports this species ranging extensively north and south 

of Cape Hatteras. 

It should be noted that the figure legends given by 

Ryland and Stebbing (1971, p. 66) for C. punctata and 

Membraniporella nitida (Johnston, 1838) appear re- 

versed so that figure 2B is actually M. nitida. 

Although C. punctata is placed by the authors in the 

Southern Virginian Subprovince (eurythermal) be- 

cause of its extensive range, it should be noted that C. 

punctata is a faunal dominant in New England waters 

where it reproduces both summer and winter (Abbott, 

1975). 

Genus MEMBRANIPORELLA Smitt, 1873 

Membraniporella cf. Membraniporella petasus 

Canu and Bassler, 1928 

Plate 1, figure 9 

Membraniporella petasus Canu and Bassler, 1928, pp. 36-37, pl. 4, 

figs. 1-2. 
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Description. — Zoarium encrusting; zooecia distinct, 

elongate, elliptical; frontal highly convex with nine to 

11 broad, flat costules separated by elongate subtrian- 

gular lacunae near sides and small irregular to sub- 

triangular lacunae near middle; aperture rounded to 

semielliptical, concave proximally due to proximal de- 

flection of distalmost costae; ““.. . the peristome bears 

three to four short palmate bifid spines, of which the 

two lateral ones are wide and in the form of a bifid 

tongue”’ (Canu and Bassler, 1928, p. 36). 

Diagnosis.— Elongate zooecia with nine to 12 flat 

costules separated by subtrigonal lacunae. Lacunae be- 

come smaller near the middle. Proximal point of orifice 

is a bar with a central proximal deflection, while three 

to four spine bases occur distal to orifice. Spine bases 

bear palmate bifid spines. 

Measurements (in mm).— 

length of 
primary 

orifice width of 

length of _ width of including primary 

zooecia zooecia SINUS orifice 

USNM 218157 

Number of 

Measurements 20 20 20 20 

Mean 0.448 0.295 0.133 0.147 

Standard 

Deviation 0.049 0.049 0.032 0.019 

Range 0.35-0.50 0.25-0.40 0.11-0.17 0.12-0.17 

Distribution. — Pleistocene: Virginia; Recent: Carib- 

bean, two to 23 fathoms (Osburn, 1940, p. 404), 143 

and 201 fathoms (Canu and Bassler, 1928, p. 37). 

Occurrence in this study.— Localities 17c, 17d, 18d, 

20b. 

Type information.—Syntypes: USNM 7550, 7551. 

Figured hypotype: USNM 218157. 

Discussion.— The Virginia specimens are similar to 

those described and illustrated by Canu and Bassler 

(1928), but the branched oral spines are not preserved, 

leaving only the spine bases. The pattern of fusion of 

the costae appears to be variable in the Virginia spec- 

imens. Some individuals within the same colony have 

small branched costae, so that the lacunae are elongate 

and teardrop to subtrigonal in shape, reaching almost 

to the midline of the zooid, thereby reducing to a min- 

imum the central region, which would normally have 

the small, irregular lacunae. At the other extreme, 

branching begins very near the sides of the zooid so 

that most of the frontal possesses small, irregular to 

subtrigonal lacunae. 

Family HIPPOPORINIDAE Bassler, 1935 

Genus HIPPOPORINA Neviani, 1895 

Hippoporina porosa (Verrill, 1879) 

Plate 2, figure 6 

Escharella pertusa? (Esper). Verrill, 1875b, p. 143. 

Escharina porosa Verrill, 1879, p. 193 (fide Maturo and Schopf, 

1968, p. 48). 

Hippoporina porosa (Verrill). Maturo and Schopf, 1968, p. 48, fig. 

12A. 

Description. — Zoarium encrusting; zooecia elongate 

polygonal to rectangular; separated from adjacent 

zooids by distinct thin wall; frontal convex with large 

tremopores separated by ridges, tubercles at intersec- 

tion of ridges; orifice large, round with broad shallow 

sinus and well-developed condyles; raised beaded rim 

surrounding lateral and proximal sides of orifice with 

mucro sometimes present proximally; ovicell large, 

globose, surface sharply granulated, perforated by nu- 

merous small round pores; lateral walls commonly with 

five communication pores in upper row and seven in 

lower row; distal wall with 10 to 13 communication 

pores along basal and lateral margins. 

Diagnosis:— Frontal has large pores bounded by 

ridges that have tubercles at their intersection. Orifice 

with a beaded rim along lateral and proximal sides. 

Lateral wall with five communication pores in upper 

row and seven in lower row, while distal wall has 10 

to 13 pores. 

Measurements (in mm).— 

length of 

primary 

orifice width of 

length of width of including primary length of width of 

zooid zooid sinus orifice ovicell ovicell 

USNM 218162 

Number of Measurements 20 20 20 20 10 10 

Mean 0.512 0.327 0.124 0.142 0.252 0.337 

Standard Deviation 0.089 0.044 0.020 0.009 0.289 0.223 
Range 0.40-0.72 0.23-0.42 0.07-0.25 0.12-0.15 0.20-0.32 0.28-0.37 

Distribution. — Pleistocene: Virginia; Recent: Maine, 

New York, Massachusetts. Maturo (1968, p. 276) re- 

ports this species to range extensively north and south 

of Cape Hatteras. 

Occurrence in this study.— Localities 17d, 17e, 20b, 

22b. 

Type information. — Lectotype: YPM 2902. Paralec- 

totypes: USNM 4811, YPM 2903A. Figured hypotype: 
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USNM 218162. 
Discussion. — Maturo and Schopf (1968, p. 49) state 

that ‘‘Escharina porosa was erected by Verrill in 1879 

for the material he obtained in 1874 and described in 

1875 as being possibly representative of Escharella 

pertusa (Esper). The lectotypes and paralectotypes were 

collected in 1874 and carry the names ‘Escharella per- 

tusa’ and ‘Esch. pertusa’, respectively, in Verrill’s 

handwriting.”” Maturo and Schopf (1968), upon ex- 

amination of Verrill’s 1874 material, found that he 

included two distinct species under the name of Es- 

charella pertusa? as well as in his later description of 

Escharina porosa (Smitt, 1873). Maturo and Schopf 

(1968, p. 49) designated the lectotype and paralecto- 

types of Escharina porosa for the larger specimens, and 

erected a new species, Hippoporina verrilli (Maturo 

and Schopf, 1968) to include the smaller material. Con- 

siderable confusion has arisen over the species porosa 

because most authors following Osburn (1912) have 

placed it in synonymy with Cellepora pertusa Esper, 

1796. Maturo and Schopf (1968, p. 50) state that po- 

rosa should be placed within the genus Hippoporina 

and discuss five different concepts of the species per- 

tusa, none of which matches that of FE. porosa Verrill. 

Abbott (1971), who conducted a very detailed study 

of H. porosa as well as other related species from Block 

Island Sound, states (p. 99) that the primary difference 

between H. porosa and H. pertusa from western Eu- 

rope is that the ovicell of the European specimens is 

flatter and has a “... smooth regular, unperforated 

lateral rim called an ‘ectooecium’ by some writers.” 

Hippoporina cf. H. verrilli 

Maturo and Schopf, 1968 

Plate 3, figure 1 

Escharella pertusa? (Esper). Verrill, 1875b, p. 41 (part). 

Lepralia pertusa (Esper). Osburn, 1912, p. 241 (part), pl. 26, figs. 

56a, b, c. 

Hippoporina verrilli Maturo and Schopf, 1968, p. 54, figs. 12B, C. 

Hippoporina cf. H. verrilli Maturo and Schopf. Abbott, 1971, p. 

114, fig. 24, pl. 6. 

Description.—Zoarium encrusting; zooecia quad- 

rangular to hexagonal, separated by thin raised wall; 

frontal tremocyst perforated by 20 to 40 evenly-spaced 

pores; orifice round to somewhat quadrate with a very 

shallow, broad, arcuate sinus proximal to weakly-de- 

veloped denticles; collar thin, prominent, outward- 

flaring, trilobate, situated on lateral and proximal sides 

of orifice, usually of near equal development, often best 

developed laterally, but best developed proximally 

when umbo is present; ovicells large, globose, slightly 

appressed, surface rough and knobby, perforated by 20 

to 40 small pores; avicularia rare, small, broadly acute, 

directed proximolateral or lateral; lateral walls with 

four to five communication pores in upper row, four 

in lower row; distal wall with five to eight communi- 

cation pores. 

Diagnosis.— Frontal perforated by only 20 to 40 

evenly-spaced pores. Orificial collar is thin, prominent, 

outward-flaring and trilobate. Lateral walls with four 

to five communication pores in upper row and four 

pores in the lower row, while distal wall has five to 

eight such pores. 

Measurements (in mm).— 

length of 

primary 

orifice width of 

length of width of including primary length of width of 

zooid zooid sinus orifice ovicell ovicell 

USNM 218163 

Number of Measurements 20 20 20 20 5 5 

Mean 0.421 0.255 0.109 0.120 0.186 0.240 

Standard Deviation 0.057 0.036 0.015 0.010 0.016 0.020 

Range 0.35-0.55 0.20-0.35 0.09-0.14 0.10-0.13 0.16-0.20 0.21-0.28 

Distribution. — Pleistocene: Virginia; Recent: Cape 

Cod to Gulf of Mexico. 

Occurrence in this study.— Localities 18d, 20b. 

Type information. — Holotype: USNM 11920. Para- 

types: USNM 11921, 11922, 11923, 11924, 11925; 

YPM 2903B. Figured hypotype: USNM 218163. 

Discussion. —H. verrilli is distinguished from H. po- 

rosa by its smaller size, lower number of frontal pores, 

presence ofa trilobate orificial collar, delicate condyles, 

and smaller number of communication pores on the 

lateral and distal wall. This species, according to Ma- 

turo and Schopf (1968, p. 57), differs from H. acuta 

Cook, 1964, in that the latter species has communi- 

cation pores about one-third of the way up the distal 

wall and has pointed avicularia of medium width, di- 

rected proximomedially, and from H. /acrimosa Cook, 

1964, in that this species has broad, spatulate avicu- 

laria directed proximally. 

The specimens observed from the Pleistocene of Vir- 

ginia differ from those described by Maturo and Schopf 

(1968, p. 54) in the scarcity of avicularia, the smaller 

and more numerous ovicell pores, and in the devel- 

opment of the orificial collar. The specimens, in these 

characteristics, are in closer agreement to those de- 
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scribed by Abbott (1971, p. 114) as Hippoporina cf. 

H. verrilli. It should be noted that the avicularia de- 

scribed by us as broadly acute are not well preserved. 

Although this species is placed by us in the Southern 

Virginia Subprovince (eurythermal) because of its ex- 

tensive range, it should be noted that H. cf. H. verrilli 

is dominant in New England waters, where it repro- 

duces both summer and winter (Abbott, 1975). It should 

also be noted that Abbott (1975, p. 40) questions the 

geographic range of this species. 

Family SCHIZOPORELLIDAE Jullien, 1903 

Genus SCHIZOPORELLA Hincks, 1877 

Schizoporella errata (Waters, 1878) 

Plate 2, figures 1, 3-5 

Lepralia errata Waters, 1878, p. 11, pl. 1, fig. 9. 

Schizoporella errata (Waters). Ryland, 1965, p. 64, text-figs. 31a, b. 

Schizoporella errata (Waters). Hastings, 1968, p. 356. 

Schizoporella errata (Waters). Ryland, 1968, fig. 3c. 

Schizoporella errata (Waters). Powell, 1970, p. 1848. 

Description. — Zoarium encrusting, adventitious lay- 

ers randomly oriented; zooecia hexagonal to quadran- 

gular; frontal flat to slightly convex, perforated by a 

smaller number of large pores situated in pits or depres- 

sions and surrounded by thickened ridges; sometimes 

small umbo developed proximal to orifice; orifice usu- 

ally semicircular, often situated to one side of the mid- 

line; sinus usually wide, shallow with a small denticle 

at each corner of the proximal lip; oral avicularia sin- 

gle, sometimes paired, acuminate, rostra elongate, oc- 

casionally raised, situated proximolaterally, directed 

outward at wide angle; larger oral avicularia also pres- 

ent, rostra elongate; ovicell globose, perforate, proxi- 

mal cusps sometimes extended and almost encircling 

orifice. 

Diagnosis. —Zooecia hexagonal to quadrangular with 

a nearly flat frontal perforated by a few large pores 

situated in depressions that are surrounded by thick- 

ened ridges. Avicularia of two sizes with each having 

an elongate rostrum. 

Measurements (in mm).— 

length of 
primary 

orifice width of length of widthof length of width of 

length of — width of including primary oral oral frontal frontal  lengthof width of 

zooid zooid SINUS sinus avicularia avicularia avicularia avicularia  ovicell ovicell 

USNM 218158-218160 

Number of 

Measurements 20 20 20 20 20 20 20 20 10 10 

Mean 0.621 0.318 0.126 0.135 0.115 0.069 0.180 0.115 0.257 0.275 
Standard 

Deviation 0.115 0.079 0.013 0.011 0.014 0.013 0.027 0.023 0.019 0.021 

Range 0.45-0.80 0.23-0.48 0.10-0.16 0.10-0.15 0.09-0.13 0.05-0.09 0.14-0.23 0.08-0.16 0.23-0.28 0.25-0.30 

Distribution. — Because of the confusion with respect 

to the proper identification of S. errata and S. unicor- 

nis (Johnston, 1847), geologic and geographic distri- 

butions are in doubt. Hastings (1968, p. 356) notes 

that specimens originally reported as S. unicornis from 

Beaufort, North Carolina, western Florida, Panama 

and Brazil belong to S. errata. A similar conclusion 

was reached by Powell (1970) for seven records of S. 

unicornis occurring between Cape Cod, Massachusetts 

and Chesapeake Bay, Virginia. 

Occurrence in this study.— Localities 17b, 17c, 17d, 

17e, 17f, 18a, 18b, 18d, 19a, 20a, 20b, 21a, 22a, 22b, 

22c, 25a. 

Type information. — Lectotype: MUM H.1186, 

Waters Collection. Figured hypotypes: USNM 218158, 

218159, 218160. 

Discussion.— The most consistent distinguishing 

characters for this species as found in the Virginia 

Pleistocene are: 1) the large pores situated in pits or 

depressions and surrounded by thickened ridges; and 

2) the large avicularia with elongate rostra situated near 

the level of the sinus and usually directed outward at 

a wide angle. Considerably more variation seems to 

exist in the Virginia material than that previously re- 

ported for this species. The orifice, although usually 

round with a broad shallow sinus, can develop toward 

one that is transversely arcuate with a narrower sinus. 

There is also a difference in the position of the larger 

avicularia, which Powell (1970) described as being 

frontal, and which Hastings (1968, p. 358) describes 

as ‘‘. . .not situated in relation to a particular zooecium 

.... In the Virginia material, these larger avicularia 

are commonly found to occupy an oral position similar 

to that of the smaller variety, that is, on a level with 

the sinus and usually directed outward at a wide angle 

from the midline. 

Additional variation may be seen in the ovicells. 

Usually they are similar to those described by Ryland 

(1965) and Powell (1970). They can, however, develop 

radial fluted patterns that are somewhat similar to that 

found in S. unicornis. When present, the fluting in S. 

errata is primarily confined to the distal periphery of 

the ovicell. A few specimens have been found where 

radial pattern tends to extend across the entire ovicell. 



PLEISTOCENE FAUNA S.E. VIRGINIA: SPENCER AND CAMPBELL 35 

In either case, the fluting apparently is not as well- 

developed as in S. uwnicornis. 

Genus STEPHANOSELLA Canu and Bassler, 1917 

Stephanosella cornuta (Gabb and Horn, 1862) 

Plate 2, figure 2 

Heptescharellina cornuta Gabb and Horm, 1862, pl. 20, fig. 31, p. 

147. 

Schizoporella cornuta (Gabb and Horn). Osburn, 1952, p. 320, pl. 

37, figs. 9-11. 

Schizoporella cornuta (Gabb and Horn). Cheetham and Sandberg, 

1964, p. 1030, text-figs. 31, 34. 

Stephanosella cornuta (Gabb and Horn). Powell, 1967, p. 278. 

Description. — Zoarium encrusting; zooecium some- 

what elliptical to polygonal; frontal tremocyst thick, 

coarsely perforate; aperture distally circular with broad 

V-shaped sinus; avicularia usually paired, lateral, ovoid 

to subtriangular in outline, on umbonate processes 

proximal to aperture; ovicell globular, imperforate, ra- 

dially-grooved with outer ends forming deep pits. 

Diagnosis.— Usually paired, ovoid to subtrigonal 

avicularia on umbonate processes that are situated lat- 

eral and proximal to orifice. Ovicell is globular, im- 

perforate and radially-grooved with the outer ends 

forming deep pits. 

Measurements (in mm).— 

length of 

primary 

orifice width of 

length of width of including primary length of width of length of width of 

zooid zooid sinus orifice avicularia avicularia ovicell ovicell 

USNM 218161 

Number of 

Measurements 20 20 20 20 20 20 20 

Mean 0.420 0.252 0.094 0.100 0.075 0.165 0.205 

Standard 

Deviation 0.073 0.039 0.016 0.017 0.016 0.015 0.019 

Range 0.32-0.62 0.17-0.33 0.07-0.12 0.09-0.15 0.08-0.13 0.05-0.11 0.13-0.19 0.17-0.25 

Distribution.— Miocene: Jamaica, North Carolina; 

Pleistocene: California, Louisiana, Florida, Virginia; 

Recent: Alaska to Galapagos Islands, Massachusetts to 

Gulf of Mexico, Caribbean, West Africa. 

Occurrence in this study.— Localities 17d, 18d, 20b, 

22b, 25a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218161. 

Discussion. — Powell (1967, pp. 277-278) maintains 

that because of large variation in frontal porosity in 

related species of various genera, such frontal perfo- 

ration should not be regarded as a generic character 

particularly when there is agreement with other im- 

portant structures. Consequently, he has placed Schi- 

zoporella cornuta (Gabb and Horn, 1862) as well as 

Schizoporella dissimilis (Osburn, 1952) in the genus 

Stephanosella, because of similarity in the character- 

istics of the orifice, avicularia and ovicell. 

Family CLEIDOCHASMATIDAE 

Cheetham and Sandberg, 1964 

Genus HIPPOPORIDRA Canu and Bassler, 1927 

Hippoporidra calcarea (Smitt, 1873) 

Plate 3, figure 2 

Lepralia edax forma calcarea Smitt, 1873, p. 63, pl. 11, figs. 220, 

223. 

Hippoporidra janthina (Smitt). Cheetham and Sandberg, 1964, p. 

1033, text-fig. 36. 

Hippoporidra calcarea (Smitt). Scolaro, 1970, p. 97. 

Description.— Zoarium encrusting gastropod shells, 

often with irregular branches; zooecia irregularly po- 

lygonal. Frontal pleurocyst thick, with marginal pores 

and one to two rows of areolae often separated by 

prominent ridges uniting below orifice to form an umbo; 

orifice subcircular, separated by strong condyles situ- 

ated close to broadly-rounded, proximal lip; frontal 

avicularia small, with crossbar, ovate-acuminate, usu- 

ally proximolateral, rostra frequently elevated; inter- 

zooecial avicularia large, ovate-acuminate to subtri- 

gonal, with trilobate crossbar, strongly elevated rostra; 

ovicells prominent, usually with tubercle situated near 

the center of a smooth semicircular to elliptical arc, 

which is surrounded by a thin fold or line. 

Diagnosis. — Associated with parugids and mollusks. 

Frontal is thick with marginal pores and prominent 

ridges forming umbo below orifice. Frontal avicularia 

are small with a crossbar and an elevated rostrum while 

interzooecial avicularia are large with a trilobate cross- 

bar and an elevated rostrum. Ovicell is smooth with 

central tubercle and a marginal thin fold. 

Distribution. — Because of the confusion of this species 

with what has been called Hippoporidra janthina (Smitt, 

1873), distribution is in doubt. Definite occurrences 

are reported from: Miocene: Maryland, Florida; Pleis- 

tocene: Virginia; Recent: From Cape Hatteras south 

(found north of Cape Hatteras in Tropical Province 

[Maturo, 1968]). 

Occurrence in this study.— Localities 17c, 17d, 18b, 
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18d, 20b, 22b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218164. 

Measurements (in mm).— 

length of 

primary length of — width of 

orifice width of length of — width of inter- inter- 

length of _ width of including primary __ frontal frontal zooecial zooecial lengthof width of 

zooid zooid sinus orifice _avicularia avicularia avicularia avicularia  ovicell ovicell 

USNM 218164 

Number of 

Measurements 20 20 20 20 20 20 20 20 20 20 

Mean 0.271 0.205 0.093 0.076 0.093 0.052 0.182 0.134 0.106 0.143 

Standard ‘ 

Deviation 0.086 0.060 0.010 0.007 0.015 0.009 0.023 0.023 0.011 0.016 

Range 0.15-0.49 0.15-0.37 0.07-0.12 0.07-0.09 0.07-0.12 0.04-0.07 0.13-0.22 0.08-0.17 0.08-0.12 0.10-0.17 

Discussion.— There is considerable confusion over 

the proper placement of specimens in the closely-re- 

lated H. edax—calcarea—janthina complex. Cook (1964, 

pp. 26-28) in a discussion on H. edax (Busk, 1861) 

and H. janthina states that the latter species has a 

wider, shallower sinus and greater frequency of frontal 

pores, and tentatively placed all western Atlantic rec- 

ords under the name H. janthina. Maturo (1968, p. 

278) and Scolaro (1970, p. 97) use the name H. cal- 

carea (Smitt, 1873) for the tropical western Atlantic 

species of Hippoporidra. The confusion, partly clarified 

by Cook (1964), was further clarified in recent (1976) 

correspondence with her. With Cook’s kind permission 

(June 24, 1976), pertinent portions of this correspon- 

dence are herein quoted: 

The vitally important thing about Hippoporidra is its highly in- 

tegrated colony growth—and the correlations of characters this pro- 

duces makes all the distinction between it and other, somewhat 

similar, genera. 

Hippoporidra has a rigidly controlled budding pattern. Although 

the zooids of the secondary zones look ‘irregularly budded’ they are 

not. The primary zone is very regular and the zooids are mono- 

morphic. Then frontal budding starts and things get complicated. 

In a ‘simple’ mamillate colony small regularly spaced groups of 

frontally budded zooids appear first. These then bud male zooids 

frontally, and the intervening areas bud more autozooids and some- 

times females with ovicells (brooding zooids). Later—(probably after 

brooding) the whole process is reversed—the raised male groups bud 

autozooids, and females and the autozooid groups bud raised male 

groups. Sometimes there is a pigment difference between groups— 

and in any one colony either the males or the autozooids are pig- 

mented — it is consistent within the colony but not within population! 

In ‘branched’ species—the whole thing is even more complex. It 

appears to be related to breeding and to colony water currents... . 

Male zooids are distinctive .... They have a lot of ‘carried-up’ 

marginal pores, very small, tuberculate orifices, and the zooids are 

large and raised above the colony surface. Males have a reduced 

number of tentacles, which are unciliated, and no gut. 

1) calcarea is a Hippoporidra—Smitt’s specimens were ontoge- 

netically old, and several were fragments of erect ‘branched’ colo- 

nies—which occurs in the west African senegambiensis and in pi- 

cardi, but not in European edax. 

2) janthina is not a Hippoporidra. It is simply encrusting, with 

little frontal budding and none of the colony organization of Hip- 

poporidra. There is no pagurid or mollusc association and the zooids 

are monomorphic. The zooids are much larger than those of the 

primary zone of H. calcarea, the frontal wall has numerous pseu- 

dopores as well as marginal septulae. The orifices have a wider, 

shallow sinus and there are no interzooidal avicularia with ‘ligulate’ 

bar structure. 

3) Canu and Bassler (1927) erected the genus Hippotrema for 

janthina Smitt—it is certainly a valid genus and so the name is not 

available for any form of Hippoporidra . . . . Note also that contrary 

to Smitt’s statement (1873:64), specimens of H. edax do have both 

avicularia and ovicells, and patterned budding of male zooids. 

Family MICROPORELLIDAE Hincks, 1880 

Genus MICROPORELLA Hincks, 1877 

Microporella ciliata (Pallas, 1766) 

Plate 3, figure 3 

Eschara ciliata Pallas, 1766, p. 38. 

Microporella ciliata (Pallas). Hincks, 1880, p. 206, pl. 28, figs. 1-5. 

Microporella ciliata (Pallas). Maturo, 1957, p. 54, figs. 60, 61. 

Description. — Zoarium encrusting; zooecia ovate to 

hexagonal, often separated by narrow groove; frontal 

tremocystal, inflated, granular, having numerous small 

tremopores; lunate to ovate, slightly elevated ascopore 

with proximal portion frequently raised into small um- 

bonate process; orifice semicircular, slightly raised, 

proximal border straight, peristome bordered laterally 

and distally by four to seven oral spines; avicularium 

frontal, usually single, small, ovate with short pointed 

elevated rostra, situated lateral and proximal to as- 

copore, directed laterally; ovicell globose, smooth to 

granular, perforate, occasionally with umbonate pro- 

cess, and with collar around aperture. 

Diagnosis. — Zooecia, separated by narrow grooves, 

have an inflated, granular, perforate frontal that has 

an elevated ascopore. Peristome is bordered laterally 

and distally by four to seven oral spines. Ovicell is 

perforate and possesses a collar around the aperture. 

Distribution.— Miocene: Florida, Maryland; Plio- 

cene: North Carolina; Pleistocene: California, Virginia; 

Recent: Cosmopolitan, boreal to tropical waters at 

depths from shore to 360 fathoms. 

Occurrence in this study.— Localities 17c, 17d, 17e, 
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17f, 20b, 22a, 22b. 

Type information.— Holotype: unknown. Figured 

length of 

primary 

orifice 

length of width of including 

zooid zooid sinus 

USNM 218165 

Number of 

Measurements 20 20 20 

Mean 0.522 0.308 0.077 

Standard 

Deviation 0.100 0.051 0.011 

Range 0.35-0.70 0.22-0.42 0.05-0.10 

Sy 

hypotype: USNM 218165. 

Measurements (in mm).— 

width of 

primary length of width of length of width of 

orifice avicularia avicularia ovicell ovicell 

20 20 20 10 10 

0.118 0.065 0.044 0.175 0.268 

0.028 0.015 0.010 0.013 0.022 

0.08-0.18 0.04-0.10 0.03-0.06 0.15-0.20 0.23-0.30 

Discussion. —Microporella ciliata exhibits much 

variation as shown by descriptions by Maturo (1957, 

p. 54), Osburn (1944, p. 45; 1947, p. 377; 1952, p. 

375), and Weisbord (1967, p. 72). Cook (1968b, p. 

207) notes that because of this great amount of vari- 

ation, it was necessary to restrict her West African 

specimens to the form illustrated by Hincks (1880, pl. 

28, fig. 1) and, that based upon collections from the 

British Museum, there appear to be two major forms. 

The first form has the avicularium located at or near 

the level of the ascopore, has long setiform mandibles, 

has a flattened frontal, and has non-perforate ovicells. 

In the second form, the avicularium is directed laterally 

and is situated closer to the ascopore. Except for the 

shape of the avicularian mandibles and infrequency of 

perforate ovicells, Cook (1968b, p. 207) states that this 

second form resembles M. orientalis Harmer, 1957. 

The specimens found occurring in the Virginia Pleis- 

tocene appear to possess characters attributable to 

Cook’s second form. However, there is a great paucity 

of avicularia in all colonies examined. 

Family SMITTINIDAE Levinsen, 1909 

Genus PARASMITTINA Osburn, 1952 

Parasmittina nitida (Verrill, 1875a) 

Plate 3, figure 4 

Discopora nitida Verrill, 1875a, p. 415, pl. 7, fig. 3. 

Parasmittina nitida (Verrill) Morphotype A. Maturo and Schopf, 

1968, p. 41, figs. 13A—B. 

Parasmittina nitida (Verrill). Humphries, 1975, p. 29, pl. 3, figs. 1— 

12. 

Description.—Zoarium encrusting, unilamellar or 

multilamellar; zooecia elongate, quadrate to hexago- 

nal, separated from adjacent zooids by distinct raised 

wall; frontal convex in young and flattened in adults, 

with marginal row of large areolar pores becoming fun- 

nel-shaped and separated by prominent ridges in ma- 

ture forms, young with some additional frontal pores; 

tubercles low, numerous, covering much of the frontal 

surface, often coalescing into low rounded knobs in 

older zooids; orifice somewhat square to round, con- 

dyles reduced, lyrule low, rectangular, straight free 

margin, about one-third to one-quarter width of orifice; 

orificial collar low, proximal border without projec- 

tions, gently sloping down to lyrule; ovicell large, glob- 

ular, surface smooth, perforated by many small round 

pores, surrounded laterally and distally by imperforate 

rim which becomes rough and tuberculate in older 

forms; avicularium frontal, single, small, acute, situ- 

ated proximal or proximolateral to orifice, rostra di- 

rected proximally and frequently elevated. 

Diagnosis.— Zooecia separated from each other by 

a raised wall. Frontal, with many low tubercles and 

knobs, has a marginal row of large pores, separated by 

prominent ridges. Ovicell large and smooth with many 

small, round pores, and with an imperforate rim that 

can be rough to tuberculate. 

Measurements (in mm).— 

length of 
primary 

orifice width of 

length of width of including primary length of width of length of width of 

zooid zooid sinus orifice avicularia avicularia ovicell ovicell 

USNM 218166 

Number of 

Measurements 20 20 20 20 20 20 10 10 

Mean 0.396 0.186 0.095 0.109 0.123 0.089 0.224 0.275 
Standard 

Deviation 0.057 0.020 0.010 0.014 0.023 0.016 0.056 0.016 

Range 0.30-0.48 0.15-0.23 0.08-0.11 0.09-0.14 0.10-0.20 0.08-0.13 0.19-0.23 0.25-0.30 
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Distribution.— Because of confusion regarding the 

morphotypes of this species, as well as their relation- 

ship to other closely-related species such as P. trispi- 

nosa (Johnston, 1838), P. spathulata (Smitt, 1873), 

and P. jeffreysi (Norman, 1876), geologic and geo- 

graphic distributions are in doubt. Present distribution 

appears to be from New England to Brazil. Humphries 

(1975, p. 20) reports a documented distribution of P. 

nitida morphotype A as being from Long Island Sound 

to Vero Beach, Florida. 

Occurrence in this study.— Locality 20b. 

Type information. — Lectotype: USNM 4340, mor- 

photype A, colony 38*. Paralectotypes: YPM 2898 

(4791), morphotype A; USNM 4340, colony 38; USNM 

4333; YPM 2849, morphotype B. Figured hypotype: 

USNM 218166. 

Discussion. —Maturo and Schopf (1968, pp. 41-48) 

discuss in detail the problems concerning this species, 

particularly with regard to two morphotypes, which 

they label A and B. The Virginia material is very sim- 

ilar to their P. nitida—morphotype A, with only minor 

differences in the shape of the orifice and prominence 

of the condyles. Humphries (1975) in a detailed study 

of the two morphotypes designated by Maturo and 

Schopf (1968) has shown that they are separate species. 

P. nitida morphotype A is designated as P. nitida 

(Humphries, 1975 [p. 29]). 

Family CHEILOPORINIDAE Bassler, 1936 

Genus CRYPTOSULA Canu and Bassler, 1925 

Cryptosula pallasiana (Moll, 1803) 

Plate 3, figure 5 

Eschara pallasiana Moll, 1803, p. 57, pl. 3, figs. 13A, B. 

Cryptosula pallasiana (Moll). Canu and Bassler, 1925, p. 33, pl. 7, 

fig. 11. 

Cryptosula pallasiana (Moll). Weisbord, 1967, pp. 62-68, pl. 2, fig. 

14; pl. 6, figs. 3, 4. 

Description. — Zoarium encrusting; zooecia hexago- 

nal to subquadrangular, moderately large; orifice large, 

suboval to bell-shaped, sides nearly parallel; posterior 

broadly arcuate, wide, shallow; anterior narrower, more 

strongly arched; cardelles small; peristome raised, 

forming conspicuous border; frontal tremocyst with 

large polygonal pores; no ovicells; avicularia absent. 

Diagnosis. — Large suboval to bell-shaped orifice with 

a raised peristome forming a conspicuous border. 

Frontal with large polygonal pores. 

Distribution. — Pliocene: Venezuela; Pleistocene: 

Virginia; Recent: From Cape Hatteras north, found 

south of Cape Hatteras to Beaufort, NC, in shallow 

waters adjacent to shore (Maturo, 1968), Alaska to 

Baja California, Mexico, littoral zone to less than 28 

fathoms. 

Measurements (in mm).— 

length of _ width of length of — width of 

zooid zooid ovicell ovicell 

USNM 218167 

Number of 

Measurements 20 20 20 20 

Mean 0.591 0.357 0.205 0.167 

Standard 

Deviation 0.053 0.056 0.009 0.013 

Range 0.53-0.75 0.23-0.44 0.19-0.23 0.15-0.20 

Occurrence in this study.— Localities 17b, 17c, 17d, 

18b, 20a, 20b, 22a, 22b, 25a. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218167. 

Phylum MOLLUSCA 

Class BIVALVIA Linné, 1758 

Family NUCULIDAE Gray, 1824 

Genus NUCULA Lamarck, 1799 

Nucula major Richards, 1944 

Plate 4, figures 3, 4 

Nucula major Richards, 1944, p. 8, figs. 5, 6. 

Nucula major Richards. Richards, 1962, p. 51, pl. 1, figs. 10, 11. 

Diagnosis.—Shell gigantic for the genus, smooth, 

heavy, solid. Surface with low, concentric undulations. 

Interior ventral margin smooth. Beaks forward, low. 

Hinge taxodont. Ligamental pit broken. 

Measurements. — Length, 47.5 mm; height, 38.0 mm. 

Distribution. — Pleistocene: New Jersey and Virginia; 

Recent: Extinct. 

Occurrence in this study. — Locality 23. 

Type information.— Holotype: ANSP, 15938. Fig- 

ured hypotype: ANSP 64321. 

Discussion.—This species is extremely rare, being 

reported from five more or less broken specimens. The 

largest of the Virginia specimens is sufficiently entire 

for diagnostic description. Richards (1962, p. 51) sug- 

gests affinities with N. shaleri Dall, 1898 (p. 505) from 

the Pliocene of Martha’s Vineyard. That species differs 

from N. major by its smaller size, more trigonal out- 

line, more fragile shell, stronger concentric sculpture, 

and denticulate interior ventral margin (cf. Pl. 4, fig. 

5). 

Nucula proxima Say, 1820 

Plate 4, figures 5, 6 

Nucula proxima Say, 1820, p. 40. 

Nucula proxima Say. Dall, 1898, p. 574. 

Nucula proxima Say. Gardner, 1943, p. 19, pl. 1, figs. 1, 2, 4, 5. 

Nucula proxima Say. Richards, 1962, p. 51, pl. 1, fig. 1. 

Nucula proxima Say. Hampson, 1971, pp. 333-342. 
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Diagnosis. —Shell small, solid. Surface with low, ir- 

regular, concentric ridges, obsolete in early growth, in- 

creasingly strong with mature growth. Interior ventral 

margin crenulate. Beaks forward, high. Hinge taxo- 

dont. Ligamental pit narrowly triangular, oblique. 

Measurements. — Length, 7.0 mm; height, 6.0 mm. 

Distribution.— Miocene: New Jersey to Virginia; 

Lower Pliocene: Virginia to Florida; Upper Pliocene: 

North Carolina to Florida; Pleistocene: New York to 

Florida; Recent: Nova Scotia to Florida and Texas 

(Northern race: Nova Scotia to Long Island; Southern 

race: New Jersey to Florida and Texas). 

Occurrence in this study.— Localities 15, 17b, 17c, 

17d, 17e, 17f, 18a, 18b, 18d, 18e, 19a, 20b, 21a, 22b, 
26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218170. 

Discussion.—N. proxima is well established in the 

Miocene. In the Virginia Yorktown Pliocene, it can be 

confused with the more oval N. diaphana Lea, 1843. 

N. taphria Dall, 1898, is a heavier Mio-Pliocene species 

with periodic incised growth lines. The young of N. 

shaleri Dall, 1894 (Pl. 4, fig. 5), have been confused 

with N. proxima, but N. shaleri is much more elongate. 

It is reported from the Pliocene (?) of Gay Head, Mar- 

tha’s Vineyard, Massachusetts. The recently described 

species, N. annulata Hampson, 1971, ranges from Cape 

Cod to Virginia and is closely related to N. proxima. 

N. annulata differs in its broader and shorter ligament, 

more bluntly terminated chondrophore, more prom- 

inent umbos, stronger sculpture, smaller size, and dif- 

ferent life habits. A critical re-examination of our ma- 

terial has not yielded N. annulata but more extensive 

collecting of clay beds might produce it. N. annulata 

is easily confused with juvenile N. proxima, and has 

likely been overlooked in Pleistocene collections. 

Family NUCULANIDAE Adams and Adams, 1858 

Genus NUCULANA Link, 1807 

Nuculana acuta (Conrad, 1832) 

Plate 4, figures 7, 8 

Nucula acuta Conrad, 1832, p. 32, pl. 5, fig. 1; pl. 6, fig. 3. 

Leda acuta (Conrad). Dall, 1898, pp. 592-593. 

Nuculana acuta (Say). [sic] Gardner, 1943, pp. 9, 12. 

Nuculana acuta Conrad. [sic] Abbott, 1954, p. 338. 

Nuculana acuta (Conrad). Richards, 1962, p. 52, pl. 1, figs. 12, 13. 

Diagnosis.— Shell small, solid, pointed posteriorly. 

Surface with low, even, concentric threads. Hinge tax- 

odont. Beaks central. 

Measurements. — Length, 6.2 mm; height, 3.5 mm. 

Distribution.— Lower Pliocene: Virginia to Florida 

and Texas; Upper Pliocene: North Carolina to Florida; 

Pleistocene: Maryland to Florida and Texas, Panama; 

Recent: Massachusetts to Florida and the West Indies 

and Brazil. 

Occurrence in this study.— Localities 16, 17b, 17c, 

17e, 17f, 18b, 18c, 19a, 21a, 26a, 28, 29. 

Type information.—Syntype: ANSP, 30613. Fig- 

ured hypotype: USNM 218171. 

Discussion.— This species is scarce throughout the 

Virginia Pleistocene. 

Family SOLEMYACIDAE Adams and Adams, 1857 

Genus SOLEMYA Lamarck, 1818 

Solemya velum Say, 1822 

Plate 4, figures 1, 2 

Solemya velum Say, 1822, p. 317. 

Solemya velum Say. Abbott, 1954, p. 333, pl. 27, fig. a. 

Diagnosis.—Shell of small to moderate size, elon- 

gate, thin, very fragile. Surface smooth. Color pattern 

preserved, of faint radial brownish bands with much 

wider interspaces. Hinge lacking. 

Measurements.— Length, 16.0 mm; height, 6.5 mm. 

Distribution. — Pleistocene: Virginia; Recent: Nova 

Scotia to Florida. 

Occurrence in this study.— Locality 17c. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218168. 

Discussion. —Two specimens of this very fragile clam 

were found by Drez (unpublished data) inside a large 

specimen of Busycon Roding, 1798, from locality 17c. 

This species is previously unreported in the Pleisto- 

cene. 

Family ARCIDAE Lamarck, 1809 

Genus ANADARA Gray, 1847 

Anadara ovalis (Bruguiére, 1789) 

Plate 4, figures 9, 10 

Arca ovalis Bruguiére, 1789, p. 110. 

Arca campechiensis Gmelin, 1790, p. 3312. 

Arca pexata Say, 1822, p. 268. 

Arca americana Reeve, 1844, fig. 21. 

Scapharca (Argina) campechiensis (Gmelin). Dall, 1898, pp. 650- 

652. 

Anadara ovalis Bruguiére. [sic] Abbott, 1954, p. 345, pl. 27, fig. t. 

Anadara ovalis (Bruguiére). Richards, 1962, p. 53, pl. 2, figs. 3-4. 

Diagnosis. —Shell fairly large, broadly oval, heavy, 

solid. Surface with radial ribs and deep, narrow inter- 

spaces; ribs with a low, central groove. Inner ventral 

margin denticulate. Beaks low, pointing forward. 

Measurements. — Length, 34.5 mm; height, 30.0 mm. 

Distribution.— Upper Pliocene: North Carolina; 

Pleistocene: Massachusetts to South Carolina, Loui- 

siana, Panama; Recent: Massachusetts to Texas and 

the West Indies and Brazil. 

Occurrence in this study. — Localities 7, 12, 15, 17e, 

17f, 18e, 20b. 
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Type information.— Holotype: unknown. Figured 

hypotype: USNM 218172. 

Discussion. — Dall (1898, p. 651) discusses the well- 

defined Recent geographic variation of this far-ranging 

species. Our collections are meager and no attempt has 

been made to correlate the fossils with a particular race. 

Should sufficient material become available, the species 

might well prove a good climatic index. 

Anadara transversa (Say, 1822) 

Plate 4, figures 11, 12 

Arca transversa Say, 1822, p. 296. 

Scapharca (Scapharca) transversa (Say). Dall, 1898, p. 645. 

Anadara transversa Say. [sic] Abbott, 1954, p. 345, pl. 27, fig. s. 

Anadara transyersa (Say). Richards, 1962, p. 53, pl. 2, figs. 12-13. 

Diagnosis.—Shell of moderate size, solid, fairly 

heavy; rectangular and compressed in young speci- 

mens, more inflated and ovate-rectangular in mature 

shells. 

Measurements. — Length, 33.5 mm; height, 23.5 mm. 

Distribution.— Lower Pliocene: Texas; Upper Plio- 

cene: Florida; Pleistocene: Massachusetts to Florida 

and Texas; Recent: Massachusetts to Texas and the 

Caribbean. 

Occurrence in this study. — Localities 17b, 17c, 17d, 

18a, 18b, 18d, 19a, 20a, 20b, 21a, 22a, 22b, 26a, 27, 

28, 29. 

Type information.— Holotype: ANSP, (missing). 

Figured hypotype: USNM 218173. 

Discussion. —In mixed Plio-Pleistocene material, A. 

transyersa is easily confused with the more elongate A. 

improcera (Conrad, 1845) and slightly more oval A. 

plicatura (Conrad, 1845). A good discussion of the 

latter forms and their relationships can be found in 

Olsson and Harbison (1953, pp. 38-39). 

Genus NOETIA Gray, 1857 

Noetia (Eontia) ponderosa (Say, 1822) 

Plate 4, figures 15-17, 21 

Arca ponderosa Say, 1822, p. 267. 

Arca contraria Reeve, 1844, pl. 8, fig. 55. 

Arca elegans Philippi, 1847, p. 92. 

Arca (Noetia) ponderosa Say. Dall, 1898, p. 633. 

Eontia ponderosa (Say). MacNeil, 1938, p. 24, pl. 3, figs. 9-12. 

Noetia ponderosa Say. [sic] Abbott, 1954, p. 346, pl. 27, fig. z. 

Noetia ponderosa (Say). Bousfield, 1961, pp. 1-3. 

Noetia (Eontia) ponderesa (Say). Richards, 1962, p. 54, pl. 2, figs. 

1-2. 

Diagnosis.—Shell large, massive, bluntly tapering 

posteriorly. Proportions variable. Sculpture of radial 

ribs coarsening posteriorly; ribs commonly with a low 

central groove or grooves. Ventral interior margin den- 

ticulate. Beaks high. Ligamental region perpendicular- 

ly striate. 

Measurements. — Length, 60.5 mm; height 45.0 mm; 

figures 15, 16: Length, 39.5 mm; height, 34.0 mm; 

figures 17, 21. 

Distribution.— Upper Pliocene: Florida (?); Pleisto- 

cene: Bay of Fundy (doubtful) and Massachusetts, New 

Jersey to Florida and Louisiana; Recent: Virginia to 

Florida and Texas. 

Occurrence in this study.— Localities 7, 10, 11, 15, 

17b, 17c, 17d, 18a, 22a, 22b, 26a, 29. 

Type information.—Holotype: unknown. Figured 

hypotypes: USNM 218174, 218175. 

Discussion. — Although all Virginia Pleistocene 

species of Noetia have been assigned by previous work- 

ers to N. ponderosa, it seems likely that many of the 

Virginia Pleistocene records of this species will, upon 

detailed examination, prove to be better assigned to 

N. palmerae (MacNeil, 1938). Most of the specimens 

in our collection appear to be more elongate than is 

typical of N. ponderosa. However, until a comprehen- 

sive analysis of these two species is performed, the 

authors consider it prudent to include the commonly- 

occurring elongate forms as a variation of N. ponder- 

osa. 

Family MYTILIDAE Rafinesque, 1815 

Genus MYTILUS Linné, 1758 

Mytilus edulis Linné, 1758 

Plate 4, figures 18, 19 

Mytilus edulis Linné, 1758, p. 705. 

Mytilus edulis Linné. Dall, 1898, p. 788. 

Mytilus edulis Linné. Abbott, 1954, p. 354, pl. 35, fig. m. 

Mytilus edulis Linné. Richards, 1962, p. 56, pl. 4, figs. 11-12. 

Mytilus edulis Linné. Durham and MacNeil, 1967, p. 331. 

Diagnosis. — Shell of moderate size, thin, fragile. Sur- 

face smooth; beaks terminal. Color a deep blue in living 

material, oxidizing to a pale lilac in the fossils. 

Measurements. — Length, 11.0 mm; height, 19 mm. 

Distribution. — Miocene: Pacific Northwest (Oregon 

and Washington); Pliocene: Pacific Northwest, Great 

Britain, the Netherlands, Belgium; Pleistocene: Pacific 

Northwest, Labrador to Virginia, South Carolina?, 

Northern Europe; Recent: Arctic Ocean to South Car- 

olina, California, and Northern Europe. 

Occurrence in this study.— Localities 17c, 22a. 

Type information.—Holotype: LS, uncatalogued. 

Figured hypotype: USNM 218176. 

Discussion. — The species is rare in the Virginia Pleis- 

tocene. M. (Perna) conradianus d’Orbigny, 1852, of 

the underlying Yorktown Pliocene is a relatively more 

narrow, less inflated form. 
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Genus ISCHADIUM Jukes-Browne, 1905 

Ischadium recurvum (Rafinesque, 1820) 

Mytilus recurvus Rafinesque, 1820, p. 320. 

Mytilus hamatus Say, 1822, p. 265. 

Brachidontes (Ischadium) recurvus (Rafinesque). Gardner, 1943, p. 

29, pl._1, figs. 7-8. 

Brachidontes recurvus Rafinesque. [sic] Abbott, 1954, p. 353, pl. 35, 

fig. n. 

Brachidontes recurvus (Rafinesque). Richards, 1962, p. 56, pl. 4, fig. 

1 

Ischadium recurvum (Rafinesque). Abbott, 1974, p. 430, fig. 5048. 

Diagnosis. — Shell of moderate size, thin, fragile. Sur- 

face radially ribbed; beaks terminal. Interior nacreous, 

opalescent. 

Distribution.— Lower Pliocene: Virginia (?); Upper 

Pliocene: North Carolina to Florida; Pleistocene: Mas- 

sachusetts to North Carolina, Louisiana; Recent: Cape 

Cod to the West Indies. 

Occurrence in this study.—Localities 9, 17d, 18b, 

18d, 21a, 26a, 27. 

Type information. — Holotype: unknown. 

Discussion.— A complete fossil specimen was not 

found, but Virginia Pleistocene fragments are charac- 

teristic. 

Genus CRENELLA Brown, 1827 

Crenella glandula Totten, 1834 

Crenella glandula Totten, 1834, p. 367. 

Crenella glandula Totten. Abbott, 1954, p. 350, pl. 28, fig. j. 

Crenella glandula Totten. Richards, 1962, p. 57, pl. 5, figs. 3-4. 

Crenella glandula Totten. Richards, 1966, p. 20, pl. 1, figs. 15-16. 

Diagnosis.— Shell small, rather large for the genus, 

oval, inflated. Sculpture of even, divaricating ribs. 

Distribution. — Pleistocene: Quebec (?), Massachu- 

setts to Virginia; Recent: Labrador to North Carolina. 

Occurrence in this study.— Locality of Oaks, 1964, 

table C-1 (specific locality not given). 

Type information. — Holotype: unknown. 

Discussion. — This species was identified from a core 

sample (location not given) which Oaks (1964, table 

C-1) refers to as “Yorktown”, but which Richards 

(1966) reported as Pleistocene. Assuming his identi- 

fications to be correct, this pre-Great Bridge horizon 

contains an admixture of Pliocene and Pleistocene 

species with the Pleistocene influence predominating, 

very similar to the mixed fauna of the Wicomico For- 

mation (Yarmouth) of South Carolina (Colquhoun, 

Herrick, and Richards, 1968, pp. 214-218). C. pre- 

cursor Gardner, 1943, of the underlying Yorktown and 

Croatan Pliocene has fewer spiral threads, but could 

easily be confused with C. glandula. 

Genus MODIOLUS Lamarck, 1799 

Modiolus squamosus Beauperthuy, 1967 

Plate 4, figures 13, 14 

Modiolus modiolus squamosus Beauperthuy, 1967, p. 39. 

Modiolus americanus (Leach). Richards and Campbell, 1972, p. 12. 

Modiolus modiolus squamosus Beauperthuy. Abbott, 1974, p. 435, 

fig. 5088. 

Diagnosis. —Shell large, thin, inflated. Surface smooth 

save for growth lines. Beaks round, swollen, a little 

back from the anterior end of the shell. Color in life 

an even, dark brown: fossils a faded brown, color 

stronger on moistened specimens. 

Measurements. — Length, 44.5 mm; height, 88.0 mm. 

Distribution. — Pleistocene: Virginia and Florida; 

Recent: North Carolina to Venezuela. 

Occurrence in this study.— Localities 17b, 17c, 17d, 

22a 22 bs 22¢5 26a: 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218177. 

Discussion. — This species is locally common. At lo- 

cality 17, articulated valves apparently in life position 

were found associated with plant remains suggesting 

Spartina. Our specimens show considerable variation 

in the width of individual specimens but the other 

characters seem constant. It is suspected that some of 

the more southern Pleistocene records of M. modiolus 

(Linné, 1758) are or include this species. M. gigas Dall, 

1897, of the Yorktown Pliocene is larger, less inflated, 

and has a rounded rather than angled dorsal margin. 

Genus GEUKENSIA Poel, 1959 

Geukensia demissa (Dillwyn, 1817) 

Mytilus demissus Dillwyn, 1817, p. 314. 

Modiola plicatula Lamarck, 1819, p. 113. 

Modiola semicostata Conrad, 1837, p. 244, pl. 20, fig. 7. 

Modiolus (Brachydontes) demissus (Dillwyn). Dall, 1898, pp. 794— 

795. 

Volsella demissa Dillwyn. [sic] Abbott, 1954, pl. 28, fig. h. 

Modiolus demissus (Dillwyn). Richards, 1962, p. 56, pl. 4, fig. 19. 

Archatula demissa (Dillwyn). Pojeta, 1971, pp. 17, 32, pl. 11, fig. 

32. 

Geukensia demissa (Dillwyn). Abbott, 1974, p. 437, fig. 5105. 

Diagnosis. — Shell large, thin, narrow, nacreous with- 

in. Sculptured with strong radial cords. 

Distribution. — Lower Pliocene: Florida; Pleistocene: 

New Jersey to South Carolina, Louisiana; Recent: Nova 

Scotia to Florida, San Francisco Bay (introduced). 

Occurrence in this study.— Localities 9, 17d, 22c. 

Type information. — Holotype: unknown. 

Discussion.— This salt marsh species is very rare in 

the Virginia Pleistocene, and complete specimens are 

very difficult to extract from the sediment. 
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Genus MUSCULUS Roding, 1798 

Musculus lateralis (Say, 1822) 

Plate 4, figure 20 

Mytilus lateralis Say, 1822, p. 264. 

Modiolaria lateralis (Say). Dall, 1898, p. 807. 

Musculus lateralis Say. [sic] Abbott, 1954, p. 355, fig. 75d. 

Musculus lateralis (Say). Richards, 1962, p. 57, pl. 5, figs. 7-8. 

Diagnosis. — Shell small to very small, thin, inflated, 

fragile. Sculpture of radial threads on the anterior and 

posterior; center of shell smooth. Outline of shell quad- 

rate to broadly oval. Beaks low, small, positioned a 

little back from the anterior end. 

Distribution.— Pliocene: Florida; Pleistocene: Vir- 

ginia to Florida; Recent: North Carolina to Venezuela, 

Brazil. 

Occurrence in this study.— Locality 17b. 

Type information.— Holotype: ANSP 55518. Fig- 

ured hypotype: USNM 218178. 

Discussion. — This species is represented in our col- 

lections by a single diagnostic fragment. M. /ateralis 

differs from the Pliocene species M. virginica (Conrad, 

1867) by its larger size, greater inflation, and in lacking 

the posterior reticulation characteristic of the latter 

species. 

Family PECTINIDAE Rafinesque, 1815 

Genus ARGOPECTEN Monterosato, 1889 

Argopecten gibbus (Linné, 1758) 

Plate 5, figures 2, 5 

Ostrea gibba Linné, 1758, p. 698. 

Aequipecten (Plagioctenium) gibbus Linné. [sic] Abbott, 1954, p. 

368, pl. 33, fig. j. 

Aequipecten irradians (Lamarck). Richards, 1962, p. 55. 

Pecten (Plagioctenium) gibbus (Linné). Gardner, 1943, p. 31, pl. 5, 

fig. 3. 

Argopecten gibbus (Linné). Waller, 1969, pp. 36-38, pl. 8, figs. 1-4. 

Diagnosis. — Shell of moderate size, circular, thin but 

strong. Sculpture of about 20 radial ribs crossed by 

growth lines and fine concentric threads. Ears relatively 

large, the anterior somewhat larger than the posterior. 

Measurements. — Length, 52.0 mm; height, 45.0 mm. 

Distribution.— Upper Pliocene: North Carolina? to 

Florida?; Pleistocene: Virginia to Florida, Panama; Re- 

cent: Maryland to the Antilles. 

Occurrence in this study.— Localities 17b, 17c, 18a, 

18b, 26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218180. 

Discussion. —“‘Argopecten gibbus differs from A. ir- 

radians in having a very slightly right-convex to left- 

convex, rather than distinctly right-convex, shell; dor- 

sal margins of right valve that form a shallow V dorsal 

to the outer ligament; a shallower byssal notch com- 

monly without ctenolium in mature individuals; and 

disk flanks that generally have less distinct costae” 

(Waller, 1969). Waller does not address himself to 

Gardner’s Waccamaw and Caloosahatchee records, but 

seems to indicate that the Caloosahatchee records 

known to him are better referred to Unit A Pleistocene. 

With the exception of the Mt. Trashmore section (loc. 

18), A. gibbus is very rare in Virginia Pleistocene de- 

posits. The underlying Yorktown contains two species 

of Argopecten, A. eboreus (Conrad, 1833) and A. com- 

parilis (Tuomey and Holmes, 1855), both of which are 

well discussed by Gardner (1943, pp. 36-37) and Wal- 

ler (1969, pp. 53-61). 

Family ANOMIIDAE Rafinesque, 1815 

Genus ANOMIA Linné, 1758 

Anomia simplex d’Orbigny, 1845 

Plate 5, figures 3, 6 

Anomia simplex d’Orbigny, 1845, p. 367, pl. 38, figs. 31-33. 

Anomia simplex d’Orbigny. Dall, 1898, p. 784. 

Anomia simplex d’Orbigny. Abbott, 1954, p. 372, pl. 35, fig. k. 

Anomia simplex d’Orbigny. Richards, 1962, p. 56, pl. 4, fig. 18; pl. 

5, fig. 22. 

Diagnosis. —Shell of moderate size, irregularly oval 

to circular, compressed to well inflated, thin but strong. 

Surface rough, irregular. Interior with a central, rect- 

angular callus containing three round muscle scars. 

Measurements. — Length, 28.0 mm; height, 27.0 mm. 

Distribution. —?Miocene: Dominican Republic?; 

Lower Pliocene: Virginia to Florida; Upper Pliocene: 

North Carolina to Florida; Pleistocene: Massachusetts 

to Florida and Gulf States; Recent: Nova Scotia to 

West Indies, Brazil. 

Occurrence in this study.— Localities 17b, 17c, 17d, 

18a, 18b, 18d, 20a, 22a, 22b. 

Type information. —Syntype: BMNH 1854.10.4.632. 

Figured hypotype: USNM 218181. 

Family OSTREIDAE Rafinesque, 1815 

Genus CRASSOSTREA Sacco, 1897 

Crassostrea virginica (Gmelin, 1791) 

Plate 5, figures 1, 8 

Ostrea virginica Gmelin, 1791, p. 3336. 

Ostrea virginica Gmelin. Dall, 1898, p. 687. 

Crassostrea virginica Gmelin. [sic] Abbott, 1954, p. 375, pl. 28, 

fig. a. 

Crassostrea virginica (Gmelin). Richards, 1962, p. 55, pl. 4, figs. 

5-7. 

Diagnosis. — Shell large, thick, strong, irregular, gen- 

erally longer than wide. Sculpture of low, broad, radial 

ribs with wider interspaces. Shell outline very variable. 

Ventral valve concave, deeply cupped. Upper valve 

much flatter. 

Measurements. — Length, 44.5 mm; height, 75.0 mm. 
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Distribution. — Upper Pliocene: Florida; Pleistocene: 

Massachusetts to Florida and Texas, Panama; Recent: 

New Brunswick to Gulf of Mexico. 

Occurrence in this study.— Localities 17b, 17c, 17d, 

17e, 17f, 18a, 18b, 18c, 18d, 18e, 19a, 20a, 22a, 22b, 

22c, 26a, 27. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218179. 

Discussion. — Reworked and transported specimens 

of this species are common and widespread in the Vir- 

ginia Pleistocene, but it has been found in place at only 

two localities (22c, 27). Dall (1898) lists numerous 

synonyms which are not repeated here. The variability 

of shell outline is due to the effects of substrate, age, 

current direction and strength, and to population 

crowding. 

Family LUCINIDAE Fleming, 1828 

Genus LINGA Gregorio, 1884 

Linga amiantus (Dall, 1901) 

Phacoides (Bellucina) amiantus Dall, 1901, p. 826, pl. 39, fig. 10. 

Lucina amiantus Dall. [sic] Abbott, 1954, p. 385, fig. 78c. 

Lucina amiantus (Dall). Richards, 1962, p. 61, pl. 7, figs. 18-19. 

Linga amiantus (Dall). Abbott, 1974, p. 458, fig. 5285. 

Diagnosis. — Shell small, thin, circular, compressed. 

Radial sculpture of low, undulatory ribs with narrow 

interspaces. Ribs crossed by fine concentric lines. Beaks 

low, central, prosogyrate. 

Distribution. — Pleistocene: Virginia to South Caro- 

lina and Louisiana; Recent: North Carolina to the West 

Indies, Brazil. 

Occurrence in this study.— Locality 17c. 

Type information. — Holotype: USNM 60948. 

Discussion.—This species resembles Codakia cos- 

tata (d’Orbigny, 1842), but is lighter and much less 

inflated. A single poorly preserved specimen was found. 

Genus PARVILUCINA Dall, 1901 

Parvilucina multilineata 

(Tuomey and Holmes, 1856) 

Plate 5, figures 15, 19 

Lucina multilineata Tuomey and Holmes, 1856, p. 61, pl. 18, figs. 

16-17. 

Phacoides (Parvilucina) crenella Dall, 1901, pp. 810, 825, pl. 39, 

fig. 2. 

Phacoides (Parvilucina) multilineatus (Tuomey and Holmes). Dall, 

1903, p. 1384. 

Phacoides (Parvilucina) multilineatus (Tuomey and Holmes). Gard- 

ner, 1943, p. 78, pl. 13, figs. 34-37. 

Lucina multilineata Tuomey and Holmes. Abbott, 1954, p. 386, fig. 

78f. 

Lucina multilineata Tuomey and Holmes. Richards, 1962, p. 61, 

pl. 7, figs. 20-21. 

Parvilucina multilineata (Tuomey and Holmes). Abbott, 1974, p. 

459, fig. 5290. 

Diagnosis.— Shell very small, circular, inflated. 

Sculpture of fine radial threads crossed by concentric 

threads of equal strength and spacing. Beaks high, 

prosogyrate. Lunule large, depressed. Interior ventral 

margin crenulate. 

Measurements. — Length, 4.5 mm; height, 4.5 mm. 

Distribution. — Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: Maryland to Florida, Alabama and Louisiana; 

Recent: Virginia to Florida. 

Occurrence in this study.— Localities 17c, 18a, 18b, 

18d, 18e, 19a, 21a, 26a. 

Type information.—Holotype: AMNH (missing). 

Figured hypotype: USNM 218186. 

Genus CODAKIA Scopoli, 1777 

Codakia costata (d’Orbigny, 1842) 

Plate 5, figures 16, 20 

Lucina costata d’Orbigny, 1842, pl. 27, figs. 40-41. 

Codakia costata d’Orbigny. [sic] Abbott, 1954, p. 390. 

Codakia costata (d’Orbigny). Richards, 1962, p. 62, pl. 7, figs. 26- 

Die 

Codakia costata (d’Orbigny). Abbott, 1968, p. 222, fig. 6. 

Diagnosis. —Shell very small, circular, well inflated, 

strong. Sculpture of 12 to 14 broad, radial ribs with 

narrower interspaces: ribs and interspaces crossed by 

coarse concentric threads. Beaks fairly low, prosogy- 

rate. 

Measurements. — Length, 6.7 mm; height, 7.8 mm. 

Distribution. — Pleistocene: Virginia to South Caro- 

lina and Florida; Recent: North Carolina to Brazil. 

Occurrence in this study.— Locality 18e. 

Type information.— Holotype: BMNH 1854.12.4.- 

765. Figured hypotype: USNM 218169. 

Genus DIVALINGA Chavan, 1951 

Divalinga quadrisulcata (d’Orbigny, 1842) 

Plate 5, figures 17, 18 

Lucina quadrisulcata d’Orbigny, 1842, pl. 27, figs. 40-41. 

Divaricella quadrisulcata (d’Orbigny). Dall, 1903, p. 1389, pl. 51, 

fig. 1. 

Divaricella quadrisulcata d’Orbigny. [sic] Abbott, 1954, p. 391, pl. 

30, fig. m. 

Divaricella quadrisulcata (d’Orbigny). Richards, 1962, p. 62, pl. 7, 

figs. 28-29. 

Divalinga quadrisulcata (d’Orbigny). Keen, 1971, p. 125. 

Divaricella quadrisulcata (d’Orbigny). Abbott, 1974, p. 462. 

Diagnosis. — Shell small, circular, well inflated, thin 

but strong. Sculpture of gently-curving parallel chev- 

rons centered a little posterior of the midline of the 

shell. Cardinal teeth small. Beaks very low, central, 

directed perpendicular to the hingeline. 

Measurements. — Length, 18.0 mm; height, 16.5 mm. 

Distribution. — Miocene (?): Maryland and Virginia; 
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Lower Pliocene: Virginia to Florida and Texas; Upper 

Pliocene: Florida; Pleistocene: New Jersey to Florida 

and Texas; Recent: Massachusetts to Brazil. 

Occurrence in this study.— Localities 15, 17b, 17c, 

17d, 18b, 18d, 19a, 21a, 26a. 

Type information. —Syntype: BMNH 1854.12.4.764. 

Figured hypotype: USNM 218187. 

Family UNGULINIDAE Adams and Adams, 1857 

Genus DIPLODONTA Bronn, 1831 

Diplodonta punctata (Say, 1822) 

Plate 6, figures 1, 5 

Amphidesma punctata Say, 1822, p. 308 

Diplodonta punctata (Say). Dall, 1900, p. 1187. 

Diplodonta punctata Say. [sic] Abbott, 1954, p. 383. 

Diplodonta punctata (Say). Richards, 1962, p. 61, pl. 7, figs. 10-11, 

35-36. 

Diagnosis.— Shell small, circular, inflated, thin. 

Sculpture of growth lines and microscopic pits. Beaks 

low, central. Juveniles are more compressed. 

Measurements. — Length, 7.8 mm; height, 7.3 mm. 

Distribution. — Pleistocene: New Jersey to Florida; 

Recent: North Carolina to Brazil. 

Occurrence in this study.— Localities 17c, 18b, 18d, 

18e, 19a, 20b, 21a, 26a. 

Type information. — Holotype ANSP (missing). Fig- 

ured hypotype: USNM 218188. 

Family KELLIIDAE Forbes and Hanley, 1848 

Genus BORNIA Philippi, 1836 

Bornia longipes (Stimpson, 1855) 

Plate 6, figures 2, 6 

Lepton longipes Stimpson, 1855, p. 111. 

Bornia longipes Stimpson. [sic] Abbott, 1954, p. 396, fig. 80c. 

Bornia longipes (Stimpson). Richards, 1962, p. 62, pl. 7, figs. 30- 

31. 

Diagnosis. — Shell reaching 10 mm, ovate-triangular, 

moderately inflated; beaks central, small; cardinal teeth 

weakly developed, laterals short but strong; muscle 

scars elongate, connected by a loop-shaped pallial line. 

Exterior smooth, polished, glistening. 

Measurements. — Length, 9.5 mm; height, 9.0 mm. 

Distribution. — Pleistocene: Virginia; Recent: North 

and South Carolina. 

Occurrence in this study.—Localities 7, 17b, 17c, 

17d, 17e, 17f, 18b, 18d, 19a, 20a, 22a, 22b, 26a. 
Type information.— Holotype: unknown. Figured 

hypotype: USNM 218189. 

Discussion. — This species closely resembles B. trian- 

gulata Dall, 1900, of the underlying Pliocene, but may 

be readily distinguished by its more rounded dorsal 

slopes and consequently by its more oval rather than 

triangular form. 

Family MONTACUTIDAE Clark, 1855 

Genus ALIGENA Lea, 1843 

Aligena elevata (Stimpson, 1851) 

Plate 6, figures 3, 7 

Montacuta bidentata Gould, 1841, p. 59 (not of Turton, 1822). 

Montacuta elevata Stimpson, 1851, p. 16. 

Aligena elevata (Stimpson). Richards, 1962, p. 62, pl. 7, figs. 40- 

41. 

Aligena elevata (Stimpson). Wass, 1965, p. 22. 

Diagnosis. —Shell less than 5 mm long, oval, thin, 

very inflated; beaks central, bidentate cardinals; mus- 

cle scars small, connected by a loop-shaped pallial line. 

Exterior with very fine lines of growth. 

Measurements. — Length, 3.0 mm; height, 2.5 mm. 

Distribution.— Pleistocene: New Jersey to South 

Carolina; Recent: Massachusetts to North Carolina. 

Occurrence in this study.— Localities 18b, 19a. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218190. 

Discussion.—This minute species is rare but un- 

doubtedly overlooked in the Pleistocene. It is com- 

mensal with a species of polychaete worm in the Ches- 

apeake Bay (Wass, 1965, p. 22). 

Genus MYSELLA Angas, 1877 

Mysella planulata (Stimpson, 1851) 

Plate 6, figures 4, 8 

Kellia planulata Stimpson, 1851, p. 17. 

Rochefortia planulata (Stimpson). Dall, 1900, p. 1161, pl. 45, fig. 7. 

Mysella planulata Stimpson. [sic] Abbott, 1954, p. 395. 

Mysella planulata (Stimpson). Richards, 1962, p. 62, pl. 7, fig. 47. 

not Mysella bidentata (Montagu). Wass, 1972, p. 123. 

Diagnosis. —Shell very small, thin, quadrate, smooth. 

Beaks triangular, fairly high, posteriorly placed. Hinge 

with two thin lateral teeth and a large V-shaped cavity 

under the beak. 

Measurements. — Length, 3.4 mm; height, 3.4 mm. 

Distribution. — Upper Pliocene: Florida; Pleistocene: 

Maryland to Florida; Recent: Nova Scotia to Texas 

and the West Indies. 

Occurrence in this study.— Localities 18b, 18d, 19a, 

22b, 22c. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218191. 

Discussion. — Keen (1971, p. 140) places the genus 

Rochefortia Vélain, 1877 in synonymy with Mysella, 

but Morrison (oral commun., 1979) maintains that 

properly defined, Mysella has only one cardinal tooth 

on the right valve, Rochefortia has two, and that this 

constitutes a valid generic character. If this proves true, 

Mysella bidentata (Montagu, 1803) (the type species of 

Mysella) cannot be conspecific with Rochefortia plan- 

ulata as stated by Jenner (in Wass, 1972). A number 



PLEISTOCENE FAUNA S.E. VIRGINIA: SPENCER AND CAMPBELL 45 

of mysellids have been described from the underlying 

Tertiary (Dall, 1900; Gardner, 1943), none of which 

approach M. planulata in its lack of inflation or in its 

rectangular outline. 

Family CARDITIDAE Fleming, 1820 

Genus PLEUROMERIS Conrad, 1867 

Pleuromeris tridentata (Say, 1826) 

Plate 5, figures 13, 14 

Venericardia tridentata Say, 1826, p. 216. 

Venericardia (Pleuromeris) tridentata Say. Dall, 1903, p. 1433. 

Glans (Pleuromeris) tridentata (Say). Gardner, 1943, p. 70. 

Venericardia tridentata Say. [sic] Abbott, 1954, p. 380. 

Venericardia tridentata (Say). Richards, 1962, p. 60, pl. 7, fig. 3. 

Pleuromeris tridentata (Say). Abbott, 1974, p. 477, fig. 589. 

Diagnosis.—Shell small, triangular, very heavy. 

Sculpture of nine to 10 strong radial ribs with narrower 

interspaces. Ribs crossed by coarse, concentric threads. 

Interior ventral margin coarsely denticulate. Hinge teeth 

very large. 

Measurements. — Length, 8.5 mm; height, 8.0 mm. 

Distribution. — Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: New Jersey to Florida; Recent: Virginia to Flor- 

ida. 

Occurrence in this study. — Localities 7, 15, 17c, 18a, 

18d, 19a, 20a, 21a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218185. 

Genus CYCLOCARDIA Conrad, 1867 

Cyclocardia borealis (Conrad, 1831) 

Plate 5, figures 11, 12 

Cardita borealis Conrad, 1831, p. 39, pl. 8, fig. 1. 

Venericardia (Cyclocardia) borealis (Conrad). Dall, 1903, p. 1431. 

Venericardia borealis Conrad. [sic] Abbott, 1954, p. 379, pl. 28, 

fig. t. 

Venericardia borealis (Conrad). Richards, 1962, p. 60, pl. 6, figs. 

29-30. 

Cyclocardia borealis (Conrad). Abbott, 1974, p. 478, fig. 5493. 

Diagnosis.—Shell of moderate size, circular, very 

heavy. Sculpture of about 20 gently-curved radial ribs 

with subequal interspaces. Ribs crossed by concentric 

growth lines. Interior ventral margin denticulate. Beaks 

high, round, prosogyrate. Hinge teeth large, heavy. 

Measurements. —Length, 22.5 mm; height, 24.5 mm. 

Distribution. — Miocene: (as C. granulata) New Jer- 

sey to Virginia, Florida?; Lower Pliocene: Virginia to 

Florida; Upper Pliocene: North and South Carolina; 

Pleistocene: (as C. borealis) Labrador to Virginia; Re- 

cent: Labrador to North Carolina (deep water). 

Occurrence in this study.—Localities 17b, 21a, 23, 

Dip 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218184. 

Discussion. —C. borealis has been equated with the 

Mio-Pliocene C. granulata (Say, 1824) by some work- 

ers while others consider them distinct (Dall, 1903). 

Should the two prove identical, C. granulata has prior- 

ity. There would be little question about uniting them 

were it not for the fact that C. granulata occurs abun- 

dantly in assemblages indicating warm-temperate to 

subtropical conditions in Mio-Pliocene deposits from 

New Jersey to Florida, but C. borealis is strictly cold 

water in the Pleistocene and Recent. Possibly, C. gran- 

ulata was cosmopolitan in the Mio-Pliocene with cold- 

and warm-water populations, the latter becoming 

extinct near the Plio-Pleistocene boundary. Such a pro- 

posal is speculative because no east coast cold-water 

Mio-Pliocene coastal deposits have been found. Also, 

some parameter other than temperature might be con- 

trolling distribution. Assuming a temperature control, 

one might expect that greater stress would be placed 

on boreal populations; the more stable warm-water 

assemblages by contrast should be more persistent. 

However, Bretsky’s Paleozoic stability—extinction 

studies suggest that assemblages from more uniform 

environments experience more, and more frequent, 

extinctions than those from environments that expe- 

rience periodic stress (Bretsky, 1968, pp. 45-59). At 

any rate, we cannot find any consistent basis for sep- 

arating the two species on shell morphology. Ultimate 

resolution of the question may rest in a thorough mul- 

tivariant analysis of large populations through time 

and space. C. borealis is very rare in the Virginia Pleis- 

tocene. 

Family ASTARTIDAE d’Orbigny, 1845 

Genus ASTARTE Sowerby, 1816 

Astarte castanea (Say, 1822) 

Plate 5, figures 4, 7 

Venus castaneus Say, 1822, p. 273. 

Astarte castanea Say. [sic] Abbott, 1954, p. 376, pl. 28, fig. s. 

Astarte castanea (Say). Richards, 1962, p. 59, pl. 6, figs. 19-20. 

Diagnosis. — Shell of moderate size, triangular, solid, 

compressed, smooth. Ventral margin evenly rounded. 

Sculpture of concentric growth lines only. Beaks high, 

large, triangular. Cardinal teeth very heavy. Interior 

ventral margin crenulate. 

Measurements. — Length, 23.0 mm; height, 24.5 mm. 

Distribution. — Pleistocene: Maine to Virginia; Re- 

cent: Nova Scotia to Long Island in shallow water, to 

North Carolina 50 to 80 m (Porter, 1974). 

Occurrence in this study.— Localities 17b, 23. 

Type information.— Holotype: ANSP 55306. Fig- 

ured hypotype: USNM 218182. 
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Discussion.— This typically cold-water species was 

abundant in beach replenishment dredgings at 17th 

Street and ocean front, Virginia Beach, Virginia, but 

is rare or absent elsewhere. 

Family CRASSATELLIDAE Férussac, 1822 

Genus CRASSINELLA Guppy, 1874 

Crassinella lunulata (Conrad, 1834) 

Plate 5, figures 9, 10 

Astarte lunulata Conrad, 1834, p. 133. 

Gouldia lunulata (Conrad). Conrad, 1862, p. 578.° 

Crassatellites (Crassinella) lunulatus (Conrad). Dall, 1903, pp. 1477- 

1478. 

Crassinella lunulata (Conrad). Gardner, 1943, pp. 62-63, pl. 19, fig. 

30. 

Crassinella lunulata (Conrad). Olsson and Harbison, 1953, p. 72. 

Crassinella lunulata Conrad. [sic] Abbott, 1954, p. 377, fig. 28k. 

Crassinella lunulata (Conrad). Richards, 1962, pp. 59-60, pl. 6, figs. 

27-28. 

Crassinella lunulata (Conrad). Abbott, 1968, p. 216, fig. 5. 

Diagnosis. —Shell small to very small, triangular, thin 

but strong. Sculpture of thin concentric lamellae; mi- 

crosculpture of a granular “‘snake-skin”’ pattern. Beaks 

small, pointed, central, opisthogyrate. Interior ventral 

margin smooth. 

Measurements. — Length, 5.0 mm; height, 4.8 mm. 

Distribution. — Miocene: Maryland; Lower Pliocene: 

Virginia to Florida; Upper Pliocene: North Carolina 

to Florida; Pleistocene: Virginia to Florida and Loui- 

siana; Recent: North Carolina to the West Indies, Bra- 

zil. 

Occurrence in this study.—Localities 15, 17b, 17c, 

17d, 18a, 18b, 18d, 18e, 19a, 20a, 21a, 22a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218183. 

Discussion. —Much confusion exists in the literature 

over this small and widespread species. Conrad’s type 

is Pliocene from the James River of Virginia. Dall 

(1903) states that C. /unulata should be used for fossil, 

C. mactracea (Linsley, 1845) for Recent specimens, 

but in discussing C. acutus Dall, 1903, he states (Dall, 

1903, p. 1479): ““Recent forms of the Atlantic coast 

may all be referred to C. /unulatus Conrad, though the 

varieties are numerous.” Gardner (1943), and Olsson 

and Harbison (1953) following Dall’s initial opinion, 

cite no Recent distribution; the latter authors further 

state that Recent Atlantic coast specimens should be 

referred to C. mactracea. Abbott (1954), distinguishes 

in the Recent between a southern C. /unulata and a 

northern C. mactracea, pointing out differences of shell 

character, which were subsequently better defined and 

excellently illustrated in his 1968 edition. The most 

diagnostic of the several characters is the relative width 

of the lunule and escutcheon: in C. /unulata these 

structures are of approximately the same width, where- 

as in C. mactracea the lunule is considerably wider 

than the escutcheon. Richards (1962) follows Abbott 

in the division of the Recent species, but he attributes 

to C. lunulata a northern range. Abbott (1974) how- 

ever, places C. mactracea in synonymy with C. lu- 

nulata. The question of synonymy, therefore, remains 

unresolved. 

Family CARDIIDAE Oken, 1815 

Genus DINOCARDIUM Dall, 1900 

Dinocardium robustum (Lightfoot, 1786) 

Plate 6, figures 9, 12 

Cardium magnum Born, 1780, p. 46, pl. 3, fig. 5 (not of Linné, 

1758). 

Cardium robustum Lightfoot, 1786, p. 58. 

Dinocardium robustum (Solander). Dall, 1900, p. 1074. 

Dinocardium robustum (Solander). Clench and Smith, 1944, p. 9, 

pl. 6. 

Dinocardium robustum Solander. [sic] Abbott, 1954, p. 401, pl. 32, 

fig. a. 

Dinocardium robustum (Solander). Richards, 1962, p. 63, pl. 8, figs. 

6-7. 

Dinocardium robustum (Lightfoot). Rehder, 1967, p. 12. 

Diagnosis. — Shell very large, obliquely oval, thin but 

strong. Sculpture of about 30 flat, radial ribs with deep, 

narrow interspaces. Concentric sculpture of fine threads 

best seen in the interspaces. Beaks large, high, well 

rounded. Interior ventral margin denticulate. 

Measurements. — Length, 44.0 mm; height, 44.0 mm. 

Distribution. — Lower Pliocene: North Carolina and 

Texas; Upper Pliocene: North Carolina to Florida; 

Pleistocene: Virginia to Florida and Louisiana; Recent: 

Virginia to North Florida and Texas. 

Occurrence in this study.— Localities 17b, 17c, 17e, 

18a, 18b, 18d, 19a, 21a, 22a, 26a. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218192. 

Discussion. — Dinocardium robustum can be distin- 

guished from the Pliocene species Planicardium acu- 

tilaqueatum (Conrad, 1839) by the latter’s V-shaped 

rather than flattened ribs, and from the Pliocene species 

P. virginianum (Conrad, 1839) by the latter’s relatively 

narrower shell. Both of these Pliocene species addi- 

tionally can be separated by their Cerastoderma-like 

hinge. 

Family MACTRIDAE Lamarck, 1809 

Genus SPISULA Gray, 1837 

Spisula solidissima (Dillwyn, 1817) 

Plate 7, figures 13,14 

Mactra solidissima Dillwyn, 1817, p. 140. 

Spisula (Hemimactra) solidissima (Dillwyn). Dall, 1898, p. 878. 

Spisula solidissima Dillwyn. [sic] Abbott, 1954, p. 446, pl. 32, fig. p. 

Spisula solidissima (Dillwyn). Richards, 1962, p. 69, pl. 11, figs. 17, 

20, 21. 

Spisula solidissima (Dillwyn). Castagna and Chanley, 1973, pp. 80- 

81, 90-91. 
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Diagnosis.—Shell very large, ovate-triangular, thin 

but strong, smooth. Surface with growth lines only. 

Hinge with strong, thin lateral teeth; chondrophore pit 

large, broadly triangular. Beaks high, rounded, central. 

Measurements. — Length, 72.5 mm; height, 51.5 mm. 

Distribution. — Pleistocene: Maine to South Caroli- 

na; Recent: Labrador to Gulf of Mexico. 

Occurrence in this study.—Localities 15, 17a, 17b 

(often articulated valves, in place), 17c, 18a, 18b, 18d, 

19a, 20a, 22a, 25a, 26a, 27. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218201. 

Discussion. — Called the “‘surf clam”? because of the 

abundance of shells along Atlantic coast beaches, S. 

solidissima prefers more stable conditions offshore 

where commercial quantities are harvested, especially 

off New Jersey. Castagna and Chanley (1973) have 

shown that the species is tolerant of salinities down to 

15%o but never occurs naturally below 28%. They sug- 

gest that palatability rather than salinity controls the 

species distribution because “when larvae colonize in- 

shore areas they rarely develop beyond the juvenile 

stage because they are subject to intense predation by 

a variety of crabs, carnivorous gastropods and bottom- 

feeding fish.” 

Numerous species of Spisu/a abound in the Pliocene 

(see Gardner, 1943, or Vokes, 1957), none of which 

approach S. solidissima in size or shell thickness. 

Genus MULINIA Gray, 1837 

Mulinia lateralis (Say, 1822) 

Plate 7, figures 7, 10 

Mactra lateralis Say, 1822, p. 309. 

Mulinia lateralis (Say). Dall, 1898, pp. 901-902. 

Mulinia lateralis Say. [sic] Abbott, 1954, p. 449, pl. 32, fig. o. 

Mulinia lateralis (Say). Richards, 1962, p. 69, pl. 11, figs. 22-23. 

Diagnosis.— Shell small, ovate-triangular, attenuat- 

ed posteriorly, thin but strong. Surface smooth except 

for growth lines and a low radial ridge defining the 

posterior slope. Hinge proportionally heavy, with a 

small, narrowly triangular chondrophore. 

Measurements.— Length, 17.0 mm; height, 12.0 mm. 

Distribution.— Lower Pliocene: North Carolina to 

Texas; Upper Pliocene: South Carolina to Florida; 

Pleistocene: Bay of Fundy, New York to Georgia, Lou- 

isiana, and Texas; Recent: Maine to North Florida and 

Texas. 

Occurrence in this study.— Localities 7, 12, 15, 17c, 

17d, 17e, 17f, 18b, 18d, 18e, 19a, 20b, 21a, 22b, 25a, 

26a, 27, 29, 30. 

Type information. — Neotype: ANSP 52663. Figured 

hypotype: USNM 218198. 

Discussion.—M. lateralis, one of the most wide- 

spread species in the Virginia Pleistocene, is charac- 

teristic of estuaries, bays, and littoral shelf environ- 

ments. M. congesta (Conrad, 1833) of the Yorktown 

Pliocene tends to be a larger, heavier shell with more 

strongly developed lateral teeth. 

Genus RANGIA Desmoulins, 1832 

Rangia cuneata (Sowerby, 1831) 

Plate 7, figures 9, 12 

Gnathodon cuneata Sowerby, 1831, pl. 36, figs. 1-7. 

Rangia cuneata (Grey). Dall, 1898, p. 904. 

Rangia cuneata Grey. [sic] Abbott, 1954, p. 450, figs. 91a—b. 

Rangia cuneata (Grey). Richards, 1962, p. 69, pl. 12, fig. 16. 

Diagnosis. —Shell large, heavy, oval. Surface smooth. 

Hinge with long, heavy, curved lateral teeth. Chon- 

drophore large, triangular, deep. 

Measurements. — Length, 23.5 mm; height, 21.0 mm. 

Distribution.— Upper Pliocene: North Carolina; 

Pleistocene: Maryland to Florida, Louisiana, and Tex- 

as; Recent: Maryland to North Florida and Texas. 

Occurrence in this study.— Localities 1, 5, 17b, 17c, 

17e, 17f, 18a, 18b, 18d, 18e, 20a, 20b, 22a, 22b, 23, 

PDT 230), 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218200. 

Discussion. — Long known from a very successful rel- 

ict population in the estuaries of the Gulf of Mexico, 

this species has recently re-established itself along the 

Atlantic Coast. The Potomac River seems to be its 

current northern limit, a distribution which coincides 

with its maximum Pleistocene distribution. In the 

James River, it shows a wide range of salinity tolerance 

but prefers a range of three to 10 parts per thousand. 

The Pleistocene specimens in our collections are small, 

abraded or broken single valves showing considerable 

transport. R. clathrodonta (Conrad, 1833) of the York- 

town Pliocene has a straighter posterior slope, straight 

posterior laterals, and a relatively larger ligamental pit. 

Genus RAETA Gray, 1853 

Raeta plicatella (Lamarck, 1818) 

Plate 7, figures 8, 11 

Lutraria plicatella Lamarck, 1818, p. 470. 

Lutraria canaliculata Say, 1822, p. 310. 

Labiosa (Raeta) canaliculata (Say). Dall, 1898, p. 907. 

Labiosa plicatella Lamarck. [sic] Abbott, 1954, p. 449, pl. 32, fig. q. 

Labiosa plicatella (Lamarck). Richards, 1962, p. 69, pl. 12, fig. 9. 

Raeta plicatella (Lamarck). Olsson and Petit, 1964, pp. 533-534. 

Raeta plicatella (Lamarck). Keen, 1971, p. 207. 

Diagnosis. — Shell large, very thin, ovate-triangular, 

attenuated posteriorly. Sculpture of close-set concen- 

tric undulations equally visible on the inside of the 

shell. Hinge small; lateral teeth thin; anterior lateral 

quite short. 

Measurements. — Length, 52.0 mm; height, 39.0 mm. 
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Distribution. — Lower Pliocene: Texas?; Pleistocene: 

New Jersey to Florida, Louisiana and Texas; Recent: 

New Jersey to Argentina. 

Occurrence in this study.— Localities 17e, 17f, 18e. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218199. 

Discussion. — Because our Pleistocene specimens are 

fragmented, a Recent specimen is figured. Raeta alta 

Conrad, 1875, of the Yorktown Pliocene is a much 

heavier and taller shell with more subdued undulatory 

sculpture. R. undulata (Gould, 1851), Recent from 

California to Peru, has been found in the Pliocene 

Pinecrest beds of South Florida (Olsson and Petit, 1964) 

and in the Waccamaw of South Carolina. It differs from 

both the above species in its centrally-placed beaks 

and in details of sculpture. 

Family SOLENIDAE Lamarck, 1809 

Genus ENSIS Schumacher, 1817 

Ensis directus (Conrad, 1844) 

Plate 9, figures 7, 8 

Solen directus Conrad, 1844, p. 325. 

Ensis directus (Conrad). Dall, 1900, p. 954. 

Ensis directus Conrad. [sic] Abbott, 1954, p. 443, pl. 30, fig. k. 

Ensis directus (Conrad). Richards, 1962, p. 68, pl. 11, fig. 8. 

Diagnosis.—Shell large, thin, rectangular, exceed- 

ingly elongate, smooth. 

Measurements.— Length, 140.5 mm; height, 22.5 

mm. 

Distribution.— Miocene: Maryland, Florida?; Lower 

Pliocene: Virginia to Florida; Upper Pliocene: North 

Carolina to Florida; Pleistocene: Maine to Florida and 

the Gulf States; Recent: Labrador to South Carolina. 

Occurrence in this study. — Localities 12, 13, 15, 17b, 

17c, 17d, 18a, 18b, 18c, 18d, 18e, 19a, 20a, 21a, 22a, 

22b, 25a, 26a, 27. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218213. 

Discussion. — Two additional species of Ensis can be 

found in the Virginia Pliocene. E. ensiformis (Conrad, 

1844) is a smaller, curved, more elongate species re- 

sembling the recent E. minor Dall, 1900. E. schmidti 

Olsson, 1914, is a relatively broader and shorter species 

with a rounded posterior margin. 

Family TELLINIDAE Blainville, 1814 

Genus TELLINA Linné, 1758 

Tellina agilis Stimpson, 1858 

Plate 8, figures 1, 4 

Tellina tenera Say, 1822, p. 303 (not of Schrank, 1803). 

Tellina agilis Stimpson, 1858, vol. 25, p. 125. 

Tellina agilis Stimpson. Abbott, 1954, p. 422, pl. 30, fig. x; fig. 86f. 

Tellina agilis Stimpson. Richards, 1962, p. 66, pl. 10, figs. 10-11. 

Diagnosis.—Shell small, thin, compressed, atten- 

uated posteriorly. Surface sculptured with low, thin, 

flat lines. Posterior slope straight to slightly convex. 

Measurements. — Length, 15.0 mm; height, 8.0 mm. 

Distribution. — Pleistocene: Massachusetts to South 

Carolina and Louisiana; Recent: Gulf of St. Lawrence 

to Georgia. 

Occurrence in this study.— Localities 15, 17c. 

Type information. —Syntype: ANSP 52446. Figured 

hypotype: USNM 218204. 

Discussion. — Pleistocene specimens of T. agilis are 

very rare. 7. texana Dall, 1900, the common species 

of Tellina in our collections, has a pallial sinus that 

nearly touches the anterior adductor muscle scar; 

smoother, more irregular concentric sculpture; and two 

grooves running from the posterior adductor scar to 

the ventral margin of the shell. 7. versicolor Dekay, 

1843, may be present but thus far undetected; it is 

smoother, more inflated, and has a much narrower 

pallial sinus. It is common in the Recent and has been 

reported as a fossil from Florida. Two Yorktown Plio- 

cene species should also be considered. T. declivis Con- 

rad, 1834, is sculptured much like T. texana, but lacks 

the internal grooving and leaves a greater gap between 

the pallial sinus and the anterior adductor than any of 

the above. 7. dupliniana Dall, 1900, is a rare form 

with a much more abrupt posterior margin. More ex- 

tensive discussion can be found in Gardner (1943), 

Abbott (1954, 1968), and Boss (1968). 

Tellina alternata Say, 1822 

Plate 8, figures 3, 6 

Tellina alternata Say, 1822, p. 275. 

Tellina (Eurytellina) alternata Say. Dall, 1900, p. 1029. 

Tellina alternata Say. Abbott, 1954, p. 427, pl. 40, fig. n. 

Tellina alternata Say. Richards, 1962, p. 66, pl. 10, fig. 12. 

Diagnosis. — Shell large, thin, compressed, attenuat- 

ed posteriorly. Sculpture of low, flat, concentric cords. 

Posterior slope straight. 

Measurements. — Length, 40.0 mm; height, 23.5 mm. 

Distribution. — Lower Pliocene: Florida; Upper Plio- 

cene: North Carolina to Florida; Pleistocene: Virginia 

to Florida and Louisiana, Panama; Recent: North Car- 

olina to Florida, Gulf States, and Cuba. 

Occurrence in this study.— Locality 18e. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218202. 
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Tellina texana Dall, 1900 

Plate 8, figures 2, 5 

Tellina polita Say, 1822, p. 276 (not of Poli, 1795; Spengler, 1798; 

Pultney, 1799; or Sowerby, 1825). 

Tellina texana Dall, 1900, p. 313. 

Tellina sayi ““Deshayes” ms. Dall, 1900, p. 1304. 

Tellina sayi Dall. Gardner, 1943, p. 55, pl. 17, fig. 4. 

Tellina texana Dall. Abbott, 1954, p. 424. 

Tellina texana Dall. Richards, 1962, p. 66, pl. 10, figs. 8-9. 

Diagnosis.—Shell very small, thin, solid, com- 

pressed. Concentric sculpture of very low, flattened 

threads and cords with shallow to indistinct, incised 

interspaces. Interior of shell with two radial grooves 

passing from beak to posteroventral margin. 

Measurements. — Length, 9.9 mm; height, 5.8 mm. 

Distribution.— Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia to South Carolina; Re- 

cent: New Jersey to Florida, Texas and Cuba. 

Occurrence in this study.— Localities 17b, 17c, 17d, 

18a, 18b, 18d, 18e, 19a, 20b, 21a, 22a, 22b, 26a, 27. 

Type information. — Holotype: USNM 125539. Fig- 

ured hypotype: USNM 218203. 

Discussion.— This species is often confused with 7. 

agilis Stimpson, 1858, but can be immediately sepa- 

rated by the two internal grooves running from the 

posterior adductor scar to the ventral margin of the 

shell. 

Genus MACOMA Leach, 1817 

Macoma balthica (Linné, 1758) 

Plate 8, figures 7, 8 

Tellina balthica Linné, 1758, p. 667. 

Macoma balthica (Linné). Dall, 1900, p. 1051. 

Macoma balthica Linné. [sic] Abbott, 1954, p. 431, fig. 88g. 

Macoma balthica (Linné). Richards, 1962, p. 66, pl. 10, figs. 15-16. 

Macoma balthica (Linné). Durham and MacNeil, 1967, p. 330. 

Diagnosis.—Shell of moderate size, thin, inflated, 

ovate. Surface smooth save for lines of growth. Hinge 

small; lateral teeth lacking. 

Measurements. — Length, 27.5 mm; height, 22.5 mm. 

Distribution.— Upper Pliocene: North Carolina; 

Pleistocene: North Pacific; James Bay to South Caro- 

lina, Great Britain and the Netherlands; Recent: Arctic 

to California, Georgia, and Europe. 

Occurrence in this study. — Localities 9, 17f, 18e, 20b, 

21a. 

Type information. — Holotype: Linnaean Society 

(uncatalogued). Figured hypotype: USNM 218205. 

Macoma constricta (Bruguiére, 1792) 

Plate 8, figures 9, 12 

Solen constrictus Bruguiére, 1792, p. 126. 

Macoma constricta (Bruguiére). Dall, 1900, p. 1050. 

Macoma constricta Bruguiére. [sic] Abbott, 1954, p. 432. 

Macoma constricta (Bruguiére). Richards, 1962, p. 67, pl. 10, figs. 

20-21. 

Diagnosis. — Shell of moderate size, thin, somewhat 

compressed, attenuated and truncated posteriorly. Sur- 

face smooth save for lines of growth and a few variably- 
placed, thin radial lines. Somewhat irregular in outline. 

Measurements. — Length, 54.0 mm; height, 36.5 mm. 

Distribution. — Upper Pliocene: Florida; Pleistocene: 

Virginia to Florida and Louisiana; Recent: North Car- 

olina to Texas and the Caribbean. 

Occurrence in this study.— Localities 17f, 18e, 20b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218206. 

Family DONACIDAE Fleming, 1828 

Genus DONAX Linné, 1758 

Donax parvula Philippi, 1849 

Plate 8, figures 13, 14 

Donax parvula Philippi, 1849, p. 146. 

Donax obesa (d’Orbigny). Dall, 1889, p. 58 (in part; not D. obesa 

dOrbigny, 1846). 

Donax tumidus (Philippi). Johnson, 1934, p. 54 (in part; not D. 

tumida of Philippi, 1849). 

Donax parvula Philippi. Morrison, 1971, pp. 552-554. 

Diagnosis. — Shell small, thick, solid, wedge-shaped. 

Posterior slope blunt, abrupt. Sculpture of faint ra- 

diating lines, stronger in abraded areas. Interior ventral 

margin weakly crenulate. Hinge with the notched nym- 

pha typical of the genus. 

Measurements.— Length, 8.1 mm; height, 5.2 mm. 

Distribution.—Upper Pliocene: North Carolina?; 

Pleistocene: Virginia; Recent: Ocracoke, North Caro- 

lina to St. Lucie Park, Florida. 

Occurrence in this study.— Locality 17c. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218208. 

Discussion. —It is likely that most southern records 

of Pleistocene D. fossor Say, 1822, belong to this little- 

recognized but distinct species. Gardner (1943, pl. 23, 

figs. 2, 11) figures as ““D. fossor”’, a Waccamaw speci- 

men very similar to D. parvula. 

Donax roemeri protracta (Conrad, 1849) 

Plate 8, figures 10, 11 

Donax variabilis Say, 1822, p. 305 (not of Schumacher, 1817). 

Donax protracta Conrad, 1849, pp. 208, 280, pl. 39, fig. 8. 

Donax variabilis (Say). Dall, 1900, p. 969. 

Donax variabilis Say. [sic] Abbott, 1954, p. 437, pl. 30, fig. r. 

Donax variabilis (Say). Richards, 1962, p. 68, pl. 10, figs. 33-35. 

Donax roemeri protracta (Conrad). Morrison, 1971, pp. 550-552. 

Diagnosis. — Shell small, thick, solid, wedge-shaped; 

smooth. Posterior end produced. Interior ventral mar- 

gin crenulate. 

Measurements. — Length, 8.6 mm; height, 4.5 mm. 

Distribution. — Pleistocene: Virginia to Georgia, 

Louisiana?; Recent: Virginia Beach (occasional), Cape 

Hatteras to Florida and Mississippi. 
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Occurrence in this study.—Localities 10, 17c, 18b, 

18d, 19a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218207. 

Discussion. — This species has been referred to Say’s 

preoccupied designation by most authors. Morrison’s 

excellent monograph on the Western Atlantic species 

of Donax fully discusses the life cycles, synonymies, 

and Recent distribution of this and the species pre- 

viously discussed here. He states that this species can 

be distinguished by the presence of strong radial stria- 

tion on its posterior slope only, and by the abruptness 

of its posterior ridge. Pleistocene records have not been 

reexamined in terms of Morrison’s criteria and are, 

therefore, reported with less than full confidence. 

Family SEMELIDAE Stoliczka, 1870 

Genus SEMELE Schumacher, 1817 

Semele cf. S. purpurascens (Gmelin, 1791) 

Plate 8, figures 19, 20 

Venus purpurascens Gmelin, 1791, p. 3288, no. 91. 

Semele purpurascens (Gmelin). Dall, 1900, p. 993. 

Semele purpurascens Gmelin. [sic] Abbott, 1954, p. 435, pl. 40, 

fig. b. 

Diagnosis.— Shell of medium size, thin, oval, com- 

pressed. Sculpture of growth lines crossed by oblique 

concentric, microscopic lines. 

Measurements. — Length, 9.7 mm; height, 8.2 mm. 

Distribution. — Upper Pliocene: Florida; Pleistocene: 

Virginia and Florida; Recent: North Carolina to the 

West Indies, Brazil. 

Occurrence in this study.— Locality 17c. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218210. 

Discussion.—A single, mostly exfoliated specimen 

was found whose outline and preserved features ten- 

tatively indicate this species. S. subovata (Say, 1824) 

of the Pliocene is of similar size and shape, but its 

concentric sculpture is much more strongly developed 

and it lacks the oblique incised lines of S. purpurascens. 

Genus CUMINGIA Sowerby, 1833 

Cumingia tellinoides (Conrad, 1831) 

Plate 9, figures 2, 5 

Mactra tellinoides Conrad, 1831, p. 258, pl. 9, figs. 2-3. 

Cumingia tellinoides (Conrad). Dall, 1900, p. 1000. 

Cumingia tellinoides Conrad. [sic] Abbott, 1954, p. 436. 

Cumingia tellinoides (Conrad). Richards, 1962, p. 67, pl. 10, figs. 

29-30. 

Diagnosis.—Shell small to moderate in size; thin, 

strong; ovate-trigonal. Surface with thin, incised, con- 

centric lamellae with much wider interspaces. Hinge 

with a prominent, oval chondrophore. Shell outline 

variable within limits. 

Measurements. —Length, 22.0 mm; height, 15.5 mm. 

Distribution.— Upper Pliocene: North Carolina; 

Pleistocene: Massachusetts to Florida and Louisiana; 

Recent: Nova Scotia to Florida. 

Occurrence in this study. — Localities 7, 15, 17c, 17d, 

18d, 20a, 20b, 22a, 22b, 25a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218212. 

Discussion.—Species of Cumingia are nestlers, a 

habit producing a wide variety of forms and distor- 

tions. The Virginia Pliocene contains a species, C. me- 

dialis (Conrad, 1866) that duplicates C. tellinoides in 

form and variation but that has more (25 to 30 vs. 18 

to 20) concentric lamellae per cm. 

Genus ABRA Lamarck, 1818 

Abra aequalis (Say, 1822) 

Plate 9, figures 1, 4 

Amphidesma aequalis Say, 1822, p. 307. 

Abra aequalis (Say). Dall, 1900, p. 998. 

Abra aequalis Say. [sic] Abbott, 1954, p. 437, pl. 30, fig. v. 

Abra aequalis (Say). Richards, 1962, p. 67, pl. 10, fig. 26. 

Diagnosis. — Shell small, oval, inflated, thin. Surface 

smooth, with weak growth lines. Beaks small, very low. 

Measurements. — Length, 10.0 mm; height, 7.8 mm. 

Distribution. — Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: New York to Florida, Texas, Panama; Recent: 

Virginia to Texas and the West Indies. 

Occurrence in this study.—Localities 15, 17c, 17f, 

18b, 18d, 18e, 21a, 26a, 27. 

Type information. —Syntypes: ANSP 53231, ANSP 

53227. Figured hypotype: USNM 218211. 

Family SOLECURTIDAE d’Orbigny, 1846 

Genus TAGELUS Gray, 1847 

Tagelus divisus (Spengler, 1794) 

Plate 8, figures 15, 17 

Solen divisus Spengler, 1794, p. 96. 

Tagelus divisus (Spengler). Dall, 1900, p. 985. 

Tagelus divisus Spengler. [sic] Abbott, 1954, p. 440, pl. 30, fig. g. 

Tagelus divisus (Spengler). Richards, 1962, p. 68, pl. 11, fig. 15. 

Diagnosis. —Shell of moderate size, elliptical, thin, 

elongate, smooth. Dorsal and ventral sides parallel, 

anterior and posterior ends well rounded. Interior with 

a thickened perpendicular ridge from the central beaks 

to the base of the shell. 

Measurements. — Length, 31.0 mm; height, 10.8 mm. 

Distribution. — Lower Pliocene: Florida; Upper Plio- 

cene: Florida; Pleistocene: Virginia to Florida and Lou- 

isiana; Recent: Cape Cod to the Caribbean, Brazil. 

Occurrence in this study.— Localities 18e, 20b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 409329. 
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Tagelus plebeius (Lightfoot, 1786) 

Plate 8, figures 16, 18 

Solen plebeius Lightfoot, 1786, p. 42. 

Solen gibbus Spengler, 1794, p. 104. 

Siliquaria carolinensis Conrad, 1863, p. 585. 

Tagelus gibbus (Spengler). Dall, 1900, p. 983. 

Tagelus gibbus (Spengler). Gardner, 1943, p. 107, pl. 22, figs. 1-4. 

Tagelus plebeius Solander. [sic] Abbott, 1954, p. 440, pl. 30, fig. d. 

Tagelus gibbus (Spengler). Richards, 1962, p. 68, pl. 11, fig. 16. 

Tagelus plebeius (Lightfoot). Rehder, 1967, p. 11. 

Diagnosis. —Shell large, elongate, rectangular, thin. 

Surface smooth save for growth lines. Hinge nearly 

central with a prominent nympha. 

Measurements. — Length, 80.0 mm; height, 28.0 mm. 

Distribution. — Lower Pliocene: Virginia to Florida, 

Mexico?; Upper Pliocene: North Carolina to Florida; 

Pleistocene: Massachusetts, to South Carolina, Loui- 

siana; Recent: Cape Cod to Florida, Gulf States, and 

Brazil. 

Occurrence in this study. — Localities 9, 17e, 17f, 18e, 

20b, 21a. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218209. 

Discussion.— This species is typically an intertidal 

species common in mud flats and estuaries. 7. caro- 

linensis (Conrad, 1863) of the Pliocene is here consid- 

ered a synonym. 

Family VENERIDAE Rafinesque, 1815 

Genus MERCENARIA Schumacher, 1817 

Mercenaria campechiensis (Gmelin, 1790) 

Plate 7, figures 1-3, 6 

Venus campechiensis Gmelin, 1790, p. 3287. 

Venus campechiensis Gmelin. Dall, 1903, p. 1315. 

Mercenaria campechiensis Gmelin. [sic] Abbott, 1954, p. 406, pl. 

32, fig. g. 

Mercenaria campechiensis (Gmelin). Richards, 1962, p. 65, pl. 9, 

figs. 12, 14, 16. 

Mercenaria campechiensis (Gmelin). Abbott, 1968, p. 230, fig. 3. 

Diagnosis. —Shell large, heavy, oval, strong. Surface 

with thin, concentric lamellae in early growth (PI. 7, 

fig. 3) thickening into crowded concentric cords with 

mature growth. Sculpture is evenly continuous over 

the entire shell. Hinge large, massive. 

Measurements.— Length, 101.0 mm; height, 84.0 

mm. 

Distribution.— Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: New York to Florida and Gulf States; Recent: 

New Jersey to Florida, Texas, and Yucatan. 

Occurrence in this study.—Localities 13, 15, 17b, 

17c, 17d, 18a, 18b, 18d, 19a, 20a, 20b, 21a, 22a, 22b, 

25a, 26a, 27. 

Type information.—Holotype: unknown. Figured 

hypotypes: USNM 218196, 409332. 

Discussion.—The Pliocene of Virginia and North 

Carolina possesses three large species closely related 

to M. campechiensis. M. tridacnoides (Lamarck, 1818) 

is a massive, deformed shell whose valves may exceed 

an inch in thickness: M. rileyi (Conrad, 1838) is thin- 

shelled and may be the “normal” form of M. tridac- 

noides. Both frequently possess an undulating ventral 

margin. M. permagna Conrad, 1838, more closely re- 

sembles typical M. campechiensis in having a straight 

ventral margin and in general proportions. M. per- 

magna is perhaps a bit heavier and has finer concentric 

sculpture, but should probably be considered a sub- 

species. 

Mercenaria mercenaria (Linné, 1758) 

Plate 6, figures 16, 17 

Venus mercenaria Linné, 1758, p. 686. 

Venus mercenaria Linné. Dall, 1903, pp. 1311-1312. 

Mercenaria mercenaria Linné. [sic] Abbott, 1954, p. 406, pl. 32, 

fig. n. 

Mercenaria mercenaria (Linné). Richards, 1962, p. 65, pl. 9, fig. 13. 

Mercenaria mercenaria (Linné). Abbott, 1968, p. 230, fig. 1. 

Diagnosis.—Shell large, heavy, triangular, strong. 

Sculpture of thin, low concentric threads that become 

obsolete over the middle of the disk. 

Measurements. — Length, 89.5 mm; height, 75.5 mm. 

Distribution.— Miocene: Maryland and Virginia; 

Lower Pliocene: Virginia to North Carolina, Texas; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: Massachusetts to Georgia and Louisiana; Recent: 

Gulf of St. Lawrence to Florida, introduced to Cali- 

fornia. 

Occurrence in this study.—Localities 5, 7, 8, 12, 13, 

15, 17c, 17e, 20a, 20b, 21a, 27, 28, 30. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218195. 

Discussion.— The differences between this and M. 

campechiensis (Gmelin, 1790) are well discussed and 

illustrated by Abbott (1968, p. 230). Adult specimens 

are distinct, but juvenile specimens are more easily 

confused. 

Genus PITAR Romer, 1857 

Pitar morrhuana (Linsley, 1845) 

Plate 6, figures 10, 13 

Cytherea morrhuana Linsley, 1845, p. 276. 

Callocardia (Agripoma) morrhuana (Linsley). Dall, 1903, pp. 1262- 

1264. 

Pitar morrhuana Linsley. [sic] Abbott, 1954, p. 414, pl. 32, fig. 1; 

fig. 8 le. 

Pitar morrhuana (Linsley). Richards, 1962, p. 64, pl. 8, figs. 16-17. 

Diagnosis.—Shell of moderate size, oval, thin but 

strong. Sculpture of fine, very crowded, concentric lines. 

Beaks well rounded. Hingeline strong with prominent 

cardinals. 
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Measurements. — Length, 37.5 mm; height, 37.0 mm. 

Distribution.—Lower Pliocene: Virginia to South 

Carolina; Pleistocene: New York to North Carolina; 

Recent: Gulf of St. Lawrence to North Carolina. 

Occurrence in this study.— Localities 15, 17d, 17e, 

18b, 18c, 18d, 18e, 25a, 28. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218304. 

Discussion. — Much confusion surrounds this species 

and its predecessor, the Mio-Pliocene (and Recent?) P. 

sayana (Conrad, 1833) because of the multitude of 

ontogenetic and geographical variants. Resolution of 

the problem is beyond the scope of this paper. 

Genus MACROCALLISTA Meek, 1876 

Macrocallista nimbosa (Lightfoot, 1786) 

Venus nimbosa Lightfoot, 1786, p. 175. 

Venus gigantea Gmelin, 1790, p. 3282. 

Macrocallista nimbosa (Solander). Dall, 1903, pp. 1254-1255. 

Macrocallista nimbosa Solander. [sic] Abbott, 1954, p. 416, pl. 39, 

fig. b. 

Macrocallista nimbosa (Solander). Richards, 1962, p. 64, pl. 19, 

fig. 1. 

Macrocallista nimbosa (Lightfoot). Rehder, 1967, p. 29. 

Diagnosis. — Shell moderate to large, oval, elongate, 

thin, rather brittle, very smooth. Beaks low, placed 

about one-third the distance from the anterior end. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia to Florida and Texas; 

Recent: North Carolina to Florida and Texas. 

Occurrence in this study.— Localities 18d, 19a. 

Type information. —Neoholotype: MCZ 7666S. 

Discussion. — All Virginia Pleistocene specimens of 

this large species are juvenile, suggesting conditions 

suitable for occasional larval influx, but unsuitable for 

mature growth. The size classes suggest mortality at 

the close of the first and second years. 

Juveniles of this species and of M. reposta (Conrad, 

1834) (Lower Pliocene, Virginia to Florida) can be eas- 

ily confused, but M. nimbosa is always more elongate 

and lighter in the adult form when compared with adult 

M. reposta. 

The correct authorship of this species was estab- 

lished by Rehder (1967). 

Genus DOSINIA Scopoli, 1777 

Dosinia discus (Reeve, 1850) 

Plate 6, figures 11, 15 

Artemis discus Reeve, 1850, pl. 2, fig. 9. 

Dosinia discus (Reeve). Dall, 1903, p. 1232. 

Dosinia discus Reeve. [sic] Abbott, 1954, p. 417, pl. 38, fig. 0; fig. 

8l1c. 

Dosinia discus (Reeve). Richards, 1962, p. 64, pl. 8, fig. 18. 

Diagnosis.—Shell large, circular, very compressed. 

Concentric sculpture of narrow, flat cords with inter- 

spaces of incised lines. Hingeline large, flat, with three 

strong, thin cardinals on the left valve. 

Measurements. —Length, 82.0 mm; height, 75.0 mm. 

Distribution.— Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia to Florida and Louisi- 

ana; Recent: Virginia to Florida, Yucatan, and the Ba- 

hamas. 

Occurrence in this study.— Localities 17e, 18e. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218194. 

Discussion. — This species averages 20 concentric ribs 

per cm as compared with a mean of 14 per cm for D. 

acetabulum (Conrad, 1832b) of the underlying Plio- 

cene. 

Genus GEMMA Deshayes, 1853 

Gemma purpurea (Lea, 1842) 

Plate 6, figures 14, 18 

Cyrena purpurea Lea, 1842, p. 106. 

Gemma gemma vat. purpurea (Lea). Dall, 1903, p. 1332. 

Gemma gemma purpurea Lea. [sic] Abbott, 1954, p. 418, fig. 

84c-e. 

Gemma gemma (Totten). Richards, 1962, p. 65, pl. 9, figs. 8-11. 

Gemma purpurea (Lea). Andrews, 1971, p. 209. 

Diagnosis. —Shell very small, triangular, heavy and 

solid. Sculpture of concentric threads with equal in- 

terspaces. Interior ventral margin crenulate. 

Measurements.— Length, 3.8 mm; height, 3.6 mm. 

Distribution.— Upper Pliocene: North Carolina; 

Pleistocene: Massachusetts (?) to Alabama; Recent: 

Cape Cod to Florida, Texas, the Bahamas, and Puerto 

Rico. 

Occurrence in this study.— Localities 17c, 18b, 18d, 

20b, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218193. 

Discussion.—Many authors have considered this 

species to be a variant of G. gemma (Totten, 1834), 

but the two are here considered distinct. G. gemma 

has an oval shell, is slightly smaller, and does not live 

south of Long Island. G. purpurea is the southern 

species, ranging from Cape Cod to Florida, Texas, and 

Puerto Rico. No attempt has been made to reexamine 

the material reported in the literature and consequent- 

ly, the Pleistocene distribution of the species must be 

considered tentative. 

Family PETRICOLIDAE Deshayes, 1830 

Genus PETRICOLA Lamarck, 1801 

Petricola pholadiformis Lamarck, 1818 

Plate 7, figures 4, 5 

Petricola pholadiformis Lamarck, 1818, p. 505. 

Petricola pholadiformis Lamarck. Dall, 1900, p. 1061. 

Petricola pholadiformis Lamarck. Gardner, 1943, p. 117. 



PLEISTOCENE FAUNA S.E. VIRGINIA: SPENCER AND CAMPBELL 53 

Petricola pholadiformis Lamarck. Abbott, 1954, p. 420, pl. 32, fig. 

Z; fig. 94b. 

Petricola pholadiformis Lamarck. Richards, 1962, p. 65, pl. 10, figs. 

1-4. 

Diagnosis. —Shell of moderate size, elongate, some- 

what inflated, relative proportions variable. Anterior 

and posterior ends rounded. Sculpture of concentric 

growth lines beading the dominant radial ribs and rib- 

lets; sculpture coarsest over the anterior third of the 

shell. Hinge with three small cardinals under the right 

beak. Outline variable. 

Measurements. —Length, 44.5 mm; height, 27.0 mm. 

Distribution. —Lower Pliocene: Virginia; Upper 

Pliocene: North Carolina; Pleistocene: Massachusetts 

to Georgia, Louisiana; Recent: Canada to Uruguay, 

Europe. 

Occurrence in this study. —Localities 17b, 17c, 17e, 

18b, 18d, 18e, 19a, 20b, 25a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218197. 

Discussion. —This wide-ranging species is particu- 

larly common in the top of the worm-rock reefs where 

it is a nestler. P. (Rupellaria) pectrosa (Conrad, 1834) 

(= P. (R.) grinelli Olsson, 1914), rare in the Virginia 

Pliocene, is less regular in its sculpture and more ta- 

pered posteriorly. 

Family MYIDAE Linné, 1758 

Genus MYA Linné, 1758 

Mya arenaria Linné, 1758 

Plate 9, figures 3, 6 

Mya arenaria Linné, 1758, p. 670. 

Mya arenaria Linné. Dall, 1898, pp. 857-858. 

Mya arenaria Linné. Gardner, 1943, p. 138, pl. 19, figs. 31-32. 

Mya arenaria Linné. Abbott, 1954, p. 455, pl. 32, fig. x. 

Mya arenaria Linneé. Richards, 1962, p. 70, pl. 12, fig. 13. 

Mya arenaria Linné. MacNeil, 1965, pp. 33-35, pl. 5, figs. 2-12; pl. 

6, figs. 1-15, 17, 18. 

Diagnosis. —Shell moderate to large, thin, oval, gap- 

ing posteriorly. Shell may or may not taper posteriorly. 

Hinge of left valve has a large, horizontal chondro- 

phore. 

Measurements. — Length, 85.0 mm; height, 57.0 mm. 

Distribution. —Miocene: North Pacific; Lower Plio- 

cene: North Pacific, Massachusetts and Virginia; Up- 

per Pliocene: North Pacific, North Carolina; Pleisto- 

cene: North Pacific, Hudson Bay to South Carolina, 

Great Britain to the Netherlands; Recent: North Pacific 

to California and Japan?, Labrador to North Carolina, 

Scandinavian coast to France?. 

Occurrence in this study. —Localities 17f, 18b, 18d, 

18e, 20b, 22b, 22c. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218214. 

Genus PARAMYA Conrad, 1860 

Paramya subovata (Conrad, 1845) 

Plate 9, figures 13, 18 

Myalina subovata Conrad, 1845, p. 65, pl. 36, fig. 4. 

Paramya subovata (Conrad). Dall, 1898, pp. 861-862. 

Paramya subovata (Conrad). Morris, 1951, p. 90, pl. 18, fig. 4. 

Hiatella arctica (Linné). Richards, 1966, p. 24, pl. 3, figs. 6-7, not 

of Linné, 1767. 

Diagnosis.—Shell small, thin, inflated, truncated 

posteriorly; hinge as in Corbula; sculptured with rough 

concentric growth lines; outline somewhat squarish. 

Measurements. —Length, 13.0 mm; height, 9.0 mm. 

Distribution. —Miocene: Maryland; Lower Pliocene: 

Virginia and North Carolina; Upper Pliocene: South 

Carolina; Pleistocene: Virginia to South Carolina; Re- 

cent: Delaware and Texas. 

Occurrence in this study.—Localities 17c, 17f, 18d, 

18e, 26a. 

Type information. —Holotype: ANSP, (missing). 

Figured hypotype: USNM 218217. 

Discussion.—This species has been reported to be 

commensal with Thalassema hartmani Fisher, 1947, 

an echiuroid worm (Jenner and McCrary, 1969). 

Family CORBULIDAE Lamarck, 1818 

Genus CORBULA Bruguiére, 1792 

Corbula contracta Say, 1822 

Plate 9, figures 11, 12 

Corbula contracta Say, 1822, p. 312. 

Corbula contracta Say. Dall, 1898, pp. 855-856. 

Corbula contracta Say. Abbott, 1954, p. 457. 

Corbula contracta Say. Richards, 1962, p. 68, pl. 11, figs. 5, 11, 14. 

Diagnosis. —Shell small, elongate, subrectangular, 

solid. Sculpture of a posterior radial ridge and low, 

narrow, concentric threads with equal interspaces. 

Ventral margin straight. 

Measurements. —Length, 10.2 mm; height, 6.5 mm. 

Distribution. —Upper Pliocene: North Carolina to 

Florida; Pleistocene: Massachusetts to South Carolina, 

Louisiana, and Texas; Recent: Cape Cod to Florida 

and the West Indies, Brazil. 

Occurrence in this study. —Localities 17b, 17c, 17d, 

17e, 17f, 18a, 18b, 18d, 18e, 19a, 20a, 20b, 21a, 22a, 

22b, 26a, 28. 

Type information. —Holotype: ANSP 50903. Fig- 

ured hypotype: USNM 218215. 

Corbula swiftiana Adams, 1852 

Plate 9, figures 9, 10 

Corbula swiftiana Adams, 1852, p. 236. 

Corbula (Cuneocorbula) swiftiana (Adams). Dall, 1898, p. 855. 

Corbula swiftiana Adams. Abbott, 1954, p. 458, fig. 93b. 

Diagnosis. —Shell small, triangular, very thick, i1n- 
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flated. Sculpture of a posterior radial ridge and low, 

broad, concentric undulations. Hinge with a single very 

large cardinal on the right valve. Ventral margin con- 

vex. 

Measurements. —Length, 7.0 mm; height, 4.8 mm. 

Distribution. —Lower Pliocene: South Carolina to 

Florida; Pleistocene: New York, Virginia and Florida, 

Panama; Recent: Massachusetts to Venezuela. 

Occurrence in this study. —Localities 17f, 18e. 

Type information. —Lectotype: MCZ 186103. Para- 

type: MCZ 155602. Figured hypotype: USNM 218216. 

Family PHOLADIDAE Lamarck, 1809 

Genus BARNEA Risso, 1826 

Barnea truncata (Say, 1822) 

Plate 9, figures 14-17 

Pholas truncata Say, 1822, p. 321. 

Barnea truncata (Say). Dall, 1898, p. 816. 

Barnea truncata Say. [sic] Abbott, 1954, p. 461. 

Barnea (Anchosasa) truncata (Say). Turner, 1954, p. 27, pls. 8, 11, 

13. 

Barnea truncata (Say). Richards, 1962, p. 71, pl. 13, fig. 14. 

Diagnosis. —Shell of moderate size, thin, subrectan- 

gular, inflated, gaping anteriorly and posteriorly. 

Sculpture of strong concentric ribs and of radial threads 

becoming obsolete on the posterior third of the shell. 

Concentric ribs visible on interior of shell; ribs becom- 

ing fimbriate near anteroventral margin. Beaks covered 

with shelly protoplax. Hinge with a very narrow, elon- 

gate, curved projection. 

Distribution. — Pleistocene: New Jersey to South 

Carolina; Recent: Maine to Brazil, Senegal to the Gold 

Coast. 

Occurrence in this study. —Localities 17b, 17c, 17d. 

Type information. —Cotype: ANSP 50775. Figured 

hypotypes: USNM 218218, 218219. 

Discussion.—A small bed of this species in the 

Kempsville sands (loc. 17c) yielded a number of superb 

specimens complete with protoplax. Pholas memmin- 

geri Tuomey and Holmes, 1856, very rare in the Plio- 

cene of Virginia, South Carolina, and Florida, is similar 

in form but has a septate umbonal reflection that im- 

mediately distinguishes it. 

Genus CYRTOPLEURA Tryon, 1862 

Cyrtopleura costata (Linné, 1758) 

Plate 9, figures 19, 20 

Pholas costatus Linné, 1758, p. 669. 

Barnea (Scobina) costata (Linné). Dall, 1898, p. 816. 

Barnea costata Linné. [sic] Abbott, 1954, p. 460, fig. 94a. 

Cyrtopleura (Scobinopholas) costata (Linné). Turner, 1954, p. 35, 

pls. 17-18. 

Diagnosis. —Shell large, thin, oval-elongate, inflated, 

gaping anteriorly and posteriorly. Radial sculpture 

dominant, of beaded ribs that are stronger and more 

widely spaced near the anterior and posterior ends. 

Hinge with a short, broad, spoon-shaped projection. 

Measurements. —Length, 104.0 mm; height, 39.5 

mm. 

Distribution. — Upper Pliocene: Florida; Pleistocene: 

Massachusetts to Florida and Louisiana; Recent: Mas- 

sachusetts to Brazil. 

Occurrence in this study. —Localities 1, 11, 17e, 18e, 

20b, 27. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218220. 

Discussion. —C. costata is abundant in the brackish 

water faunas exposed at the lowermost level of the 

Kempsville area pits. Pairs in living position are com- 

mon but extracting an intact specimen from the matrix 

is difficult. A related species, C. arcuata (Conrad, 1841) 

from the underlying Pliocene is more elongate and has 

more numerous ribs, which are more strongly beaded. 

Genus MARTESIA Sowerby, 1824 

Martesia cuneiformis (Say, 1822) 

Plate 10, figures 1, 5 

Pholas cuneiformis Say, 1822, p. 322. 

Martesia cuneiformis Say. [sic] Abbott, 1954, p. 465. 

Martesia cuneiformis (Say). Turner, 1955, pp. 114-117, pls. 67, 68. 

Martesia cuneiformis (Say). Richards, 1962, p. 72, pl. 13, figs. 12- 

13. 

Diagnosis. —Shell small, oval, very thin. Concentric 

sculpture divided by a deep radial groove. Concentric 

sculpture anterior of groove crowded, well defined; 

posterior sculpture lower, undulatory, becoming ob- 

solete. Hinge, when complete, with a very narrow, 

elongate projection. 

Measurements. —Length, 9.4 mm; height, 9.1 mm. 

Distribution. —Pliocene: Virginia?; Pleistocene: 

Maryland to South Carolina; Recent: Breeding— North 

Carolina to Brazil; adventitious to Connecticut. 

Occurrence in this study. —Locality 18b. 

Type information. —Holotype: ANSP 50803. Fig- 

ured hypotype: USNM 409330. 

Discussion. — Dall (1898, p. 820) referred the York- 

town Pliocene form of Martesia to this species, but the 

specimens examined do not appear conspecific. 

Family LYONSIIDAE Fischer, 1887 

Genus LYONSIA Turton, 1822 

Lyonsia hyalina (Conrad, 1831) 

Plate 10, figures 9, 10 

Mya hyalina Conrad, 1831, p. 261, pl. 11, fig. 12. 

Lyonsia hyalina Conrad. [sic] Abbott, 1954, p. 468, pl. 28, fig. u. 

Lyonsia hyalina (Conrad). Richards, 1962, p. 58, pl. 5, fig. 15. 

Diagnosis. —Shell small, subrectangular, very thin, 
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glassy. Sculpture of growth lines and a weakly defined 

posterior radial rib. 

Measurements. —Length, 11.0 mm; height, 6.8 mm. 

Distribution. — Pleistocene: Maryland and Virginia; 

Recent: East Canada to South Carolina. 

Occurrence in this study. —Locality 17c. 

Type information. —Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218223. 

Family PANDORIDAE Rafinesque, 1815 

Genus PANDORA Bruguiére, 1797 

Pandora gouldiana Dall, 1886 

Plate 10, figures 2, 6 

Pandora trilineata Say. Conrad, 1831, p. 49, pl. x, figs. 1-2 (not of 

Say, 1822). 
Pandora gouldiana Dall, 1886, p. 312. 

Pandora (Clidiophora) gouldiana Dall, 1903, p. 1521. 

Pandora gouldiana Dall. Abbott, 1954, p. 470, fig. 96c. 

Pandora gouldiana Dall. Richards, 1962, p. 58, pl. 5, fig. 18, pl. 6, 

figs. 3-4. 

Pandora gouldiana Dall. Boss and Merrill, 1965, pp. 190-195, pl. 

120. 

Diagnosis. —Shell of moderate size, flat, crescent- 

shaped, relatively broad, nacreous within. Hinge with 

three large, narrow cardinal teeth. 

Measurements. —Length, 22.5 mm; height, 15.0 mm. 

Distribution. — Pleistocene: Massachusetts to Virgin- 

ia; Recent: Gulf of St. Lawrence to North Carolina. 

Occurrence in this study. —Localities 17b, 17c, 17d, 

18b, 18d, 21a, 22a, 26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218221. 

Discussion. —P. gouldiana differs from the Pliocene 

P. crassidens Conrad, 1838, in having the two ribs of 

the dorsal margin more strongly developed and the 

anteriormost “tooth” of the hinge ventrally rather than 

obliquely directed. 

Pandora trilineata Say, 1822 

Plate 10, figures 3, 7 

Pandora trilineata Say, 1822, p. 261. 

Pandora (Clidiophora) trilineata Say. Dall, 1903, p. 1519. 

Pandora (Clidiophora) trilineata Say. Gardner, 1943, p. 49, pl. 11, 

fig. 7. 

Pandora trilineata Say. Abbott, 1954, p. 469, fig. 96b. 

Pandora trilineata Say. Richards, 1962, p. 58, pl. 6, fig. 5. 

Diagnosis.—Shell small to moderate in size, flat, 

crescent-shaped, relatively elongate, nacreous within. 

Dorsal ridge with three cords, shell becoming rostrate 

posteriorly. 

Measurements. — Length, 19.5 mm; height, 11.0 mm. 

Distribution. —Lower Pliocene: North Carolina; 

Pleistocene: New Jersey to Florida and Louisiana; Re- 

cent: Virginia to Texas. 

Occurrence in this study.—Localities 15, 17c, 17d, 

18b, 18d, 19a, 21a, 22b, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218222. 

Discussion. —P. trilineata differs from P. gouldiana 

in being much smaller and more elongate. P. tuomeyi 

Gardner and Aldrich, 1919, of the underlying Pliocene 

has much the same outline but differs from P. trilineata 

in having the two ribs of the hinge margin poorly de- 

veloped, and in having the anteriormost “tooth” 

obliquely rather than ventrally directed. 

Family PERIPLOMATIDAE Dall, 1895 

Genus PERIPLOMA Schumacher, 1817 

Periploma leana (Conrad, 1831) 

Plate 10, figures 11, 14 

Anatina leana Conrad, 1831, p. 263, pl. XI, fig. 11. 

Cochlodesma leanum “‘Couthouy”’. Sumner, Osburn, and Cole, 1913, 

p. 699. 

Periploma leana Conrad. [sic] Abbott, 1954, p. 474, pl. 28, fig. v. 

Diagnosis. —Shell of moderate size, very com- 

pressed, elliptical, smooth, very thin. Hinge with a 

small, vertical, spoon-shaped chondrophore supported 

by a thickened, posteriorly-directed internal ridge. 

Measurements. —Length, 23.4 mm; height, 16.0 mm. 

Distribution. — Pleistocene: Virginia and South Car- 

olina; Recent: Gulf of St. Lawrence to North Carolina. 

Occurrence in this study. —Localities 17c, 18b, 18d, 

19a, 21a, 22a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218224. 

Discussion.—P. antiqua (Conrad, 1834), a slightly 

larger, heavier species very rare in the lower Pliocene 

of Virginia and Florida, is very close to this species 

and is probably precursor to it. In P. /eana, the pallial 

sinus is more V- than U-shaped and the chondrophore 

is more ventrally directed. 

Class GASTROPODA Dumeril 1806 

Family SKENEIDAE Thiele, 1929 

Genus SKENEA Fleming, 1825 

Skenea species 

Plate 10, figures 12, 16, 19 

Diagnosis. —Shell minute, 0.5—0.7 mm in diameter, 

naticoid, two-and-a-half to three whorls, umbilicus 

deep, narrow, no umbilical chink developed. Umbil- 

ical keel strong with 16 to 20 narrow ridges radiating 

from it over the base of the shell; spiral incised lines 

in the umbilical wall; upper surface smooth except for 

faint growth lines. Aperture, oval, with a distinct oper- 

cular shelf. 

Measurements. —Length, 0.4 mm; body whorl di- 

ameter, 0.9 mm. 
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Distribution. —Pleistocene: Virginia; Recent: wide- 

spread East Coast, U.S.A. 

Occurrence in this study. —Localities 20a, 20b. 

Type information. —Figured hypotype, USNM 

218226. 

Discussion. —Moore (oral comm., 1979) reports this 

form to be quite common and widespread in the Re- 

cent Western Atlantic. Because of the imperfect pres- 

ervation of our fossil material, the authors thought best 

to leave the form undescribed. In Virginia Pleistocene 

sediments that were not sieved too coarsely, this species 

is common to abundant. Consequently, its absence from 

most localities is probably a sampling bias. 

Family LITTORINIDAE Gray, 1840 

Genus LITTORINA Férussac, 1822 

Littorina irrorata (Say, 1822) 

Plate 10, figures 4, 8 

Turbo irroratus Say, 1822, p. 239. 

Littorina irrorata (Say). Dall, 1892, p. 320. 

Littorina irrorata (Say). Bequaret, 1943, p. 6, pl. 2, figs. 1-7. 

Littorina irrorata Say. [sic] Abbott, 1954, p. 132, pl. 19, fig. c. 

Littorina irrorata (Say). Richards, 1962, p. 77, pl. 15, fig. 32. 

Diagnosis. —Shell of moderate size, trochoid, very 

thick and solid. Spire evenly tapering. Sculpture of 

about 20 spiral cords; cords strongest just below the 

suture, becoming very narrow on the base. Aperture 

oval. 

Measurements. —Length, 20.0 mm; body whorl di- 

ameter, 15.0 mm. 

Distribution. —Miocene (?): Maryland; Pliocene: 

Virginia? to South Carolina; Plio-Pleistocene: North 

Carolina to Florida; Pleistocene: Connecticut to Geor- 

gia, Louisiana; Recent: Massachusetts (?), New York 

to central Florida and Texas. 

Occurrence in this study. —Localities 8, 11, 17f. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218227. 

Family RISSOIDAE Gray, 1840 

Genus CINGULA Fleming, 1828 

Cingula norfolkensis, new species 

Plate 10, figure 13 

Etymology. —Named for the Norfolk area. 

Description. —Shell very small, slender, elongate, 

fragile; whorls five, gently and evenly rounded; pro- 

toconch large. Suture distinctly impressed. Umbilical 

slit long and very narrow. Sculpture of about 40 spiral, 

incised lines on the body whorl. Aperture oblique, oval; 

outer lip broken, apparently flaring when whole. 

Measurements. —Length, 2.2 mm; body whorl di- 

ameter, 1.2 mm. 

Distribution. —Pleistocene: Virginia. 

Occurrence in this study.— Localities 17c, 20b. 

Discussion. —This species is narrower than the three 

living Western Atlantic species figured by Abbott (1974, 

p. 74), but Abbott makes no mention of Rissoa cretacea 

Stimpson, 1854, R. modesta Stimpson, 1854, R. mor- 

toni Kurtz, 1860, and R. patens Gould, 1862 as cited 

in Mazyck (1913), nor of Cingula turriculus (Lea, 1843). 

There is a critical need for a monograph of the Western 

Atlantic rissoids, an effort begun by the late Dr. J. P. 

E. Morrison, but never completed. Morrison (oral 

commun., 1972) examined the Virginia fossil and pro- 

nounced it unique, but most closely related to an un- 

described Recent species from Maryland. 

Type information. —Holotype: USNM 409331. 

Family HYDROBIIDAE Stimpson, i865 

Genus HYDROBIA Hartmann, 1821 

Hydrobia totteni Morrison, 1954 

Plate 10, figure 15 

Turbo minutus Totten, 1835, p. 369, figs. 6a, b (not 7. minutus of 

Brown, 1816, Michaud, 1828, or Woodward, 1833). 

Hydrobia totteni Morrison, 1954, p. 26. 

Diagnosis. —Shell small, thin, high-spired. Whorls 

five-and-one-half, very round and inflated. Surface 

smooth. Aperture circular, entire. Umbilicus narrow, 

very deep. 

Measurements. —Length, 3.2 mm; body whorl di- 

ameter, 1.8 mm. 

Distribution. — Pleistocene: Virginia; Recent: Lab- 

rador to North Carolina. 

Occurrence in this study. —Localities 17c, 26a. 

Type information. —Holotype: unknown. Figured 

hypotype: USNM 218228. 

Family VITRINELLIDAE Bush, 1897 

Genus VITRINELLA Adams, 1850 

Vitrinella floridana Pilsbry and McGinty, 1946b 

Plate 10, figures 17, 18 

Vitrinella floridana Pilsbry and McGinty, 1946b, p. 16. 

Vitrinella floridana Pilsbry and McGinty. Andrews, 1971, pp. 72- 

73. 

Diagnosis. —Shell minute, smooth, planorbid, thin. 

Whorls three, rapidly expanding. Aperture entire, cir- 

cular. Umbilicus wide, deep, funnel-shaped. 

Measurements. —Length, 0.5 mm; body whorl di- 

ameter, 1.1 mm. 

Distribution. — Pleistocene: Virginia, Texas?; Re- 

cent: North Carolina and Texas to Campeche, Mexico. 

Occurrence in this study. —Localities 20a, 20b. 

Type information. —Holotype: ANSP 181880. Fig- 

ured hypotype: USNM 218229. 

Discussion. —The species is rare in the Virginia Pleis- 
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tocene. Juveniles can be separated from Skenea sp. by 

their wide umbilicus and lack of sculpture. 

Genus CIRCULUS Jeffreys, 1865 

Circulus liratus (Verrill, 1882) 

Plate 11, figures 1, 4 

Omalaxis (?) lirata Verrill, 1882, p. 529. 

Cyclostremiscus liratus (Verrill). Pilsbry, 1953, p. 430. 

“Circulus” (2?supra-nitidus Wood subsp.) orbignyi (Fischer). Gard- 

ner, 1948, p. 189, pl. 25, fig. 33 (not of Fischer, 1857, p. 286). 

Cyclostremiscus pentagonus (Gabb). Abbott, 1974, p. 84, fig. 785 

(not of Gabb, 1873). 

Diagnosis. —Shell minute, planorbid, thin. Whorls 

four, rapidly expanding. Sculpture of strong spiral 

threads on the dorsal surface, periphery, and bordering 

the umbilicus. Base smooth. Umbilicus deep. 

Measurements. —Length, 1.0 mm; body whorl di- 

ameter, 2.1 mm. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia; Recent: Long Island to 

Florida. 

Occurrence in this study. — Localities 17c, 18b, 18d, 
19a, 26a. 

Type information.— Holotype: unknown. Figured 

hypotype: USNM 218231. 

Discussion.—This species is the most common of 

our larger Pleistocene vitrinellids, but is apparently 

rare in Recent collections. C. costulatus (Lea, 1843) 

from the Yorktown Pliocene is a similar, probable an- 

cestral species. This species is little known, but can not 

be confused with Cyclostremiscus pentagonus (Gabb, 

1873), a species which has wide, smooth interspaces 

between three strong, raised keels. 

Genus CYCLOSTREMISCUS 

Pilsbry and Olsson, 1945 

Cyclostremiscus jeannae 

Pilsbry and McGinty, 1946a 

Plate 11, figures 2, 5 

Cyclostremiscus (Ponocyclus) jeannae Pilsbry and McGinty, 1946a, 

p. 82, pl. 8, figs. 4, 4a. 

Cyclostremiscus (Ponocyclus) jeannae Pilsbry and McGinty. An- 

drews, 1971, pp. 66-67 (fig. d). 

Diagnosis. —Shell minute, planorbid, thin. Whorls 

four, rapidly expanding. Sculpture lacking except for 

two strong spiral keels at the upper and lower margins 

of the periphery. Aperture squarish. Umbilicus wide, 

very deep. 

Measurements. —Length, 1.3 mm; body whorl di- 

ameter, 2.3 mm. 

Distribution. —Pleistocene: Virginia; Recent: Both 

sides of Florida to Texas. 

Occurrence in this study. —Locality 20b. 

Type information. —Holotype: ANSP 181371. Fig- 

ured hypotype: USNM 218232. 

Genus SOLARIORBIS Conrad, 1865 

Solariorbis infracarinata (Gabb, 1881) 

Plate 11, figures 3, 6, 7 

Adeorbis infracarinata Gabb, 1881, p. 365, pl. 46, fig. 62. 

Solariorbis euzonus Pilsbry and McGinty, 1950, p. 84, pl. 5, figs. 7, 

Ta. 

Solariorbis infracarinata (Gabb). Andrews, 1971, pp. 70-71. 

Diagnosis. —Shell minute, planorbid, biconvex. 

Whorls three-and-one-half, rapidly expanding, over- 

lapping. Sculpture of spiral lines restricted to periphery 

and outer edge of base; lines coarsening on the base. 

Umbilicus very narrow, deep, roofed over. 

Measurements.—Length, 0.8 mm; body whorl di- 

ameter, 1.7 mm. 

Distribution. —Pleistocene: Virginia to Florida; Re- 

cent: Virginia to Florida, Texas, Mexico to Guatemala. 

Occurrence in this study. —Locality 20b. 

Type information.—Holotype: ANSP, 3380. Fig- 

ured hypotype: USNM 218233. 

Solariorbis cf. S. blakei Rehder, 1944 

Plate 11, figures 8, 9, 17 

Solariorbis blakei Rehder, 1944, p. 97. 

Solariorbis blakei Rehder. Abbott, 1974, p. 88. 

Diagnosis. —Shell minute, 0.7 to 0.9 mm in length, 

twice as broad as high, whorls rounded with no keel 

developed; spirals extremely faint over upper surface, 

becoming more incised and visible towards the pe- 

riphery, then continuing evenly to the base where they 

again become faint while crossing the basal axial sculp- 

ture; basal axial cords originate deep within the um- 

bilicus and are closely crowded as they emerge, giving 

the umbilicus a “pinched” appearance. 

Measurements. — Length, 0.5 mm; body whorl di- 

ameter, 1.1 mm. 

Distribution. — Pleistocene: Virginia; Recent: South 

Carolina to Texas and Caribbean. 

Occurrence in this study. —Localities 17c, 20b. 

Type information. —Hypotype: USNM 218234. 

Discussion.—This species may prove to be Sola- 

riorbis shimeri (Clapp, 1914), a species very imper- 

fectly known. 

Genus TEINOSTOMA Adams and Adams, 1854 

Teinostoma cryptospira (Verrill, 1884) 

Plate 10, figures 20, 21 

Rotella cryptospira Verrill, 1884, p. 241. 

Teinostoma cryptospira (Verrill). Dall, 1892, p. 414. 

Teinostoma cryptospira Verrill. [sic] Abbott, 1954, pl. 17, fig. y. 

Teinostoma cryptospira (Verrill). Richards, 1962, p. 73, pl. 14, figs. 

15-17. 
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Diagnosis. —Shell minute, planorbid, smooth and 

polished. Whorls three, totally overlapping on the spire. 

Umbilicus completely filled by callus. Aperture cir- 

cular. 

Measurements. —Length, 0.4 mm; body whorl di- 

ameter, 1.5 mm. 

Distribution. —Pleistocene: Maryland to Florida; 

Recent: Virginia to both sides of Florida. 

Occurrence in this study. —Localities 17b, 17c, 17d, 

20b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218230. 

Discussion. — This minute species is common in fine- 

screened samples. The upper surface is completely cov- 

ered by a thin callus that breaks away easily in the 

fossils to reveal the underlying spiral suture. 

Family CAECIDAE Gray, 1850 

Genus CAECUM Fleming, 1813 

Caecum cooperi Smith, 1860 

Plate 11, figure 10 

Caecum cooperi Smith, 1860, pp. 154, 168. 

Caecum cooperi Smith. Dall, 1892, p. 299. 

Caecum cooperi Smith. Richards, 1962, p. 78. 

Caecum cooperi Smith. Abbott, 1974, p. 92, fig. 877. 

Diagnosis. —Shell minute, cylindrical, tusk-shaped. 

Protoconch coiled, planorbid; typically broken away 

from adult shells. Postnuclear growth not coiled. Sculp- 

ture of 18 to 20 longitudinal ribs and two or three 

strong annulations at the aperture. Aperture circular. 

Apex plug with a projecting mucro. 

Measurements.—Length, 3.6 mm; maximum di- 

ameter, 0.8 mm. 

Distribution. —Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: Virginia to South Carolina; Recent: Cape Cod to 

Florida and Texas. 

Occurrence in this study. —Localities 17b, 18a, 20b, 

26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218235. 

Caecum johnsoni Winkley, 1908 

Plate 11, figures 11-13 

2Dentalium glabrum Montagu, 1803, p. 497. 

?Caecum glabrum (Montagu). Meyer, 1888, p. 140. 

Caecum johnsoni Winkley, 1908, p. 54. 

2?Caecum putnamense Mansfield, 1924, pp. 46-47, pl. 1, figs. 1, 2. 

Caecum glabrum (Montagu). Andrews, 1971, pp. 75-76. 

Diagnosis. —Shell minute, reaching 2.5 mm; curved, 

tusk-like; plug mammalate (dome-shaped); sculpture 

smooth except for very fine lines of growth. 

Measurements.—Length, 2.0 mm; maximum di- 

ameter, 0.47 mm. 

Distribution. —Lower Pliocene: Virginia, Florida?, 

Great Britain; Pleistocene: Virginia; Recent: Massa- 

chusetts to Texas, Great Britain. 

Occurrence in this study. —Localities 19a, 20b. 

Type information. —Holotype: MCZ (lost). Figured 

hypotypes: USNM 218236, 218237, 218238. 

Discussion. —C. glabrum is the oldest of the above 

names. All have smooth, glistening sculptureless shells 

with mammalate plugs and essentially the same cur- 

vature. Size is highly variable in populations of Cae- 

cum, but all of the above have essentially the same 

maximum (~2.5 mm). We have used the name C. 

jJohnsoni because its type is from the Western Atlantic; 

if more than one species does exist, that determination 

will have to be based on soft parts, or demonstration 

of interbreeding incapability. C. occidentale Bartsch, 

1920, of the Pacific coast, differs in reaching a greater 

maximum size. 

Family CERITHIIDAE Fleming, 1822 

Genus DIASTOMA Deshayes, 1850 

Diastoma alternatum (Say, 1822) 

Bittium alternatum Say, 1822, p. 243. 

Bittium alternatum Say. Abbott, 1954, p. 155. 

Bittium alternatum Say. Richards, 1962, p. 78, pl. 17, fig. 6. 

Diastoma alternatum (Say). Abbott, 1974, p. 187, fig. 1035. 

Diagnosis. —Shell very small, high-spired, thin. 

Sculpture of eight to 10 spiral cords; axial sculpture, 

when present, of about 16 low riblets. Aperture 

obliquely oval, with a very shallow siphonal notch at 

the base. 

Distribution. — Pleistocene: Virginia; Recent: Gulf of 

St. Lawrence to Virginia. 

Occurrence in this study. —Localities 13, 17d. 

Type information. —Holotype: ANSP (missing). 

Genus CERITHIOPSIS Forbes and Hanley, 1848 

Cerithiopsis emersoni (Adams, 1839) 

Plate 11, figure 16 

?Murex subulatus Montagu, 1808, p. 115, pl. 30, fig. 6. 

Cerithium emersoni Adams, 1839, p. 284, pl. 4, fig. 10. 

Cerithiopsis subulata (Montagu). Dall, 1892, p. 268. 

Cerithiopsis emersoni persubulata Gardner, 1948, p. 204, pl. 27, 

fig. 4. 

Cerithiopsis emersoni (Adams). Olsson and Harbison, 1953, p. 301. 

Cerithiopsis subulata Montagu. [sic] Abbott, 1954, p. 157, pl. 19, 

fig. w. 

Cerithiopsis emersoni (Adams). Warmke and Abbott, 1961, pp. 74— 

75, pl. 13, fig. c. 

Cerithiopsis subulata (Montagu). Richards, 1962, p. 78, pl. 17, figs. 

4-5. 

Cerithiopsis emersoni (Adams). Abbott, 1974, p. 109, fig. 1051. 

Diagnosis. —Shell small, high-spired, solid, straight- 

sided. Sculpture of beaded spirals; no spirals on base. 

Measurements. —Length, 2.1 mm; body whorl di- 

ameter, 0.92 mm. 
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Distribution. —Lower Pliocene: Virginia to Florida, 

Trinidad; Upper Pliocene: North Carolina to Florida 

and Venezuela; Pleistocene: New Jersey to Florida; 

Recent: Massachusetts to the West Indies, Brazil. 

Occurrence in this study.—Locality 20b. 

Type information. —Lectotype; MCZ 156201. Fig- 

ured hypotype: USNM 218239. 

Cerithiopsis greeni (Adams, 1839) 

Plate 11, figure 26 

Cerithium greeni Adams, 1839, p. 287, pl. 4, fig. 12. 

Cerithiopsis greeni (Adams). Dall, 1892, p. 269. 

Cerithiopsis greeni Adams. [sic] Abbott, 1954, p. 157, pl. 19, fig. v. 

Cerithiopsis greeni (Adams). Richards, 1962, p. 78, pl. 17, fig. 2. 

Diagnosis. —Shell very small, high-spired, solid, bul- 

let-shaped. Sculpture of heavily-beaded spirals; base 

spirals smooth. Aperture circular, with a deep siphonal 

notch. 

Distribution. — Upper Pliocene: Florida; Pleistocene: 

Massachusetts to Florida; Recent: Cape Cod to Florida 

and Texas, West Indies, Brazil. 

Occurrence in this study. —Localities 17c, 17d, 17e, 

17f, 20b, 26a. 

Type information. —Lectotype: MCZ 156202. Fig- 

ured hypotype; USNM 218240. 

Discussion. —C. smithfieldensis Olsson, 1916, of the 

Pliocene averages smaller than C. greeni and is more 

slender, but their sculpture is very similar. 

Genus SEILA Adams, 1861 

Seila adamsii (Lea, 1845) 

Plate 11, figures 14, 15 

Cerithium terebrale Adams, 1840, p. 320, pl. 3, fig. 7 (not C. terebrale 

Lamarck, 1804). 

Cerithium clavulus Lea, 1843, p. 11 (not C. clavulus Deslongchamps, 

1842). 

Cerithium clavulus Lea, 1845, p. 42, pl. 37, fig. 89. 

Cerithium adamsii Lea, 1845, p. 42 (bottom of page). 

Cerithium annulatum Emmons, 1858, p. 269, fig. 161. 

Seila adamsii (Lea). Dall, 1892, p. 267. 

Seila adamsii Lea. [sic] Abbott, 1954, p. 158, pl. 22, fig. t. 

Seila adamsii (Lea). Richards, 1962, p. 78, pl. 17, fig. 3. 

Diagnosis. —Shell small, high-spired, straight-sided, 

solid. Sculpture of three strong, unbeaded spiral cords 

with deep interspaces; microscopic axial lines visible 

in interspaces only. 

Measurements. —Length, 3.9 mm; body whorl di- 

ameter, 1.6 mm. 

Distribution. —Miocene: Maryland to Florida; Low- 

er Pliocene: Virginia to Florida, Trinidad; Upper Plio- 

cene: North Carolina to Florida, Venezuela; Pleisto- 

cene: Massachusetts to Florida, Texas, and Brazil. 

Occurrence in this study.—Localities 7, 17c, 17d, 

17f, 26a. 

Type information. —Lectotype: MCZ 156200. Fig- 

ured hypotype: USNM 218241. 

Genus TRIPHORA Blainville, 1828 

Triphora nigrocincta (Adams, 1839) 

Plate 11, figures 18, 19 

Cerithium nigrocincta Adams, 1839, p. 286, pl. 4. 

Triphora nigrocincta Adams. [sic] Abbott, 1954, p. 159. 

Triphora nigrocincta (Adams). Richards, 1962, p. 78, pl. 17, fig. 6. 

Diagnosis. —Shell very small, sinistral, high-spired, 

solid. Whorls eight; sides of spire convex. Sculpture of 

three coarsely-beaded spiral cords per whorl. 

Measurements. —Length, 4.6 mm; body whorl di- 

ameter, 1.8 mm. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: New Jersey to Virginia, Florida; 

Recent: Massachusetts to the West Indies, Brazil. 

Occurrence in this study.—Localities 17d, 17e, 17f, 

25a, 26a. 

Type information. —Lectotype: MCZ 186159. Fig- 
ured hypotype: USNM 218242. 

Family EPITONIIDAE Berry, 1910 

Genus EPITONIUM Roding, 1798 

Epitonium angulatum (Say, 1830) 

Plate 11, figures 20, 21 

Scala clathrus angulata Say, 1830, pl. 27. 

Epitonium angulatum Say. [sic] Abbott, 1954, p. 164, pl. 22, fig. b. 

Epitonium angulatum (Say). Richards, 1962, p. 74, pl. 14, fig. 28. 

Diagnosis. —Shell small, high-spired, thin. Whorls 

strongly convex, inflated; suture very deep. Spiral 

sculpture and basal cord lacking. Axial sculpture of 

nine to 10 thin, bladelike costae per whorl. 

Measurements. —Length, 10.5 mm; body whorl di- 

ameter, 5.9 mm. 

Distribution.—Upper Pliocene: North and South 

Carolina; Pleistocene: Maryland to South Carolina and 

Louisiana; Recent: New York to Florida to Texas. 

Occurrence in this study.—Localities 17c, 17d, 17f, 

18b, 18d, 18e, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218243. 

Epitonium championi Clench and Turner, 1952 

Plate 11, figures 22, 23 

Epitonium (Asperiscala) championi Clench and Turner, 1952, p. 

318, pl. 153. 

Epitonium candeanum (d’Orbigny). Richards and Campbell, 1972, 

p. 10, fig. 17. 

Diagnosis. — 

Shell reaching about 14 mm (0.5 in.) in length, attenuated, imper- 

forate, rather solid and strongly sculptured. Whorls 10 to 11, convex 

and attached. Color a flat white to a light cream. Aperture subcircular 

with both the palatal and parietal margins thickened, the palatal or 

outer lip being greatly thickened in older specimens. Columella short 

and arched. Spire extended and produced at an angle of 20°. Suture 

moderately impressed. Axial sculpture consisting of 8 or 9 flattened 
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ridges, those nearest the umbilical area being a little narrower. Basal 

ridge absent. Operculum thin, paucispiral, and brown in color. Nu- 

clear whorls 212 to 3, smooth, and opaque. (Clench and Turner, 

1952, p. 231.) 

Measurements. —Length, 11.9 mm; body whorl di- 

ameter, 5.3 mm. 

Distribution. — Pliocene: ? (closely related forms are 

found Virginia to Florida); Pleistocene: Virginia; Re- 

cent: Cape Cod to South Carolina. 

Occurrence in this study. —Locality 17c. 

Type information. —Holotype: MCZ 182900. Fig- 

ured hypotype: ANSP 64322. 

Epitonium humphreysii (Kiener, 1845) 

Plate 11, figures 24, 25 

Scalaria humphreysii Kiener, 1845, p. 15, pl. 5, fig. 16. 

Epitonium humphreysii (Kiener). Clench and Turner, 1952, p. 268, 

pl. 117, fig. 2; pls. 119-120. 

Epitonium humphreysii Kiener. [sic] Abbott, 1954, p. 164, pl. 22, 

fig. d. 

sation humphreysii (Kiener). Richards, 1962, p. 74, pl. 14, figs. 

23-24. 

Diagnosis. —Shell small, high-spired, slender, thin 

but strong. Whorls moderately convex. Basal cord and 

spiral sculpture lacking. Axial sculpture of eight to nine 

thick, moderately-elevated costae per whorl. 

Measurements. —Length, 6.3 mm; body whorl di- 

ameter, 3.9 mm. 

Distribution. — Pleistocene: New Jersey to South 

Carolina; Recent: Massachusetts to Florida and Texas. 

Occurrence in this study. —Localities 17c, 17d, 19a, 

29. 

Type information. —Holotype: unknown. Figured 

hypotype: USNM 218245. 

Epitonium multistriatum (Say, 1826) 

Plate 12, figures 1, 2 

Scalaria multistriata Say, 1826, p. 208. 

Epitonium multistriatum (Say). Clench and Turner, 1951, p. 292, 

pls. 133-134. 

Epitonium multistriatum (Say). Richards, 1962, p. 74, pl. 14, fig. 

25. 

Epitonium multistriatum (Say). Abbott, 1968, p. 96, fig. 11. 

Diagnosis. —Shell small, high-spired, very thin. Um- 

bilicus lacking. Sculpture of numerous low, very thin 

axial costae. Interspaces with crowded, exceedingly fine 

incised lines. No basal spiral ridge. 

Measurements. ~Length, 9.2 mm; body whorl di- 

ameter, 3.6 mm. 

Distribution. —Upper Pliocene: South Carolina; 

Pleistocene: Maryland to South Carolina; Recent: Mas- 

sachusetts to Florida and Texas. 

Occurrence in this study. —Localities 17c, 17d, 17f, 

18b, 18e, 20b, 26a. 

Type information. —Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218246. 

Epitonium rupicolum (Kurtz, 1860) 

Plate 12, figures 3, 4 

Scalaria lineata Say, 1822, p. 242 (not Réding, 1798). 

Scalaria rupicola Kurtz, 1860, p. 7. 

Scala lineata (Say). Dall,-1890, p. 158. 

Epitonium rupicolum (Kurtz). Clench and Turner, 1952, pp. 284— 

287, pl. 130, figs. 1-4. 

Epitonium rupicola Kurtz. [sic] Abbott, 1954, p. 165, pl. 22, fig. e. 

Epitonium rupicolum (Kurtz). Richards, 1962, p. 73, pl. 14, figs. 

20-21. 

Diagnosis. —Shell small, high-spired, thin. Whorls 

well rounded. Basal cord present. Spiral sculpture lack- 

ing. Axial sculpture variable in strength, 12 to 16 costae 

per whorl. Former resting stages and outer lip may be 

marked by a thickened varix. 

Measurements. —Length, 12.0 mm; body whorl di- 

ameter, 6.9 mm. 

Distribution. —Upper Pliocene: North Carolina; 

Pleistocene: New Jersey to Florida and Louisiana; Re- 

cent: Massachusetts to Florida and Texas. 

Occurrence in this study.—Localities 15, 17d, 17f, 

18b, 18d, 18e, 20b, 26a, 29. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218247. 

Family MELANELLIDAE Bartsch, 1917 

Genus MELANELLA Bowdich, 1822 

Melanella conoidea (Kurtz and Stimpson, 1851) 

Plate 12, figure 5 

Eulima conoidea Kurtz and Stimpson, 1851, p. 115. 

Eulima conoidea Kurtz and Stimpson. Dall, 1890, p. 159, pl. 5, fig. 

ile 

Melanella conoidea (Kurtz and Stimpson). Olsson and Harbison, 

1953, p. 333, pl. 59, fig. 7. 

Melanella conoidea (Kurtz and Stimpson). Richards, 1962, p. 74, 

pl. 14, figs. 32-33. 

?Melanella jamaicensis (Adams, 1845). Andrews, 1971, p. 93. 

Diagnosis. —Shell small, high-spired, smooth, elon- 

gate-conic, glistening white. Aperture obliquely oval. 

Body whorl with a distinct angulation at the periphery. 

Measurements. —Length, 2.5 mm; body whorl di- 

ameter, 0.95 mm. 

Distribution. —Lower Pliocene: Virginia; Upper 

Pliocene: South Carolina to Florida; Pleistocene: Vir- 

ginia to South Carolina; Recent: Massachusetts to the 

Gulf of Mexico. 

Occurrence in this study. —Locality 17c. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218248. 

Discussion. — Andrews (1971) places this species and 

the Western Atlantic records of M. intermedia (Can- 

traine, 1835) into synonymy under M. jamaicensis 

(Adams, 1845), but it is the authors’ opinion that M. 

conoidea and B. intermedia should be considered mor- 

phologically distinct. M. conoidea is sharply angled at 
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the periphery of the base; M. intermedia is evenly 

rounded. Abbott (1974, p. 125) recognizes all three as 

distinct, Western Atlantic species. Gardner (1948, pp. 

209-212), and Olsson and Harbison (1953, pp. 329- 

335) discuss most of the numerous related Pliocene 

species. 

Melanella intermedia (Cantraine, 1835) 

Plate 12, figure 6 

Eulima intermedia Cantraine, 1835, p. 390. 

Eulima intermedia Cantraine. Dall, 1890, p. 159. 

Melanella intermedia (Cantraine). Richards, 1962, p. 74, pl. 14, fig. 

34. 

?Melanella jamaicensis (Adams). Andrews, 1971, p. 93. 

Diagnosis. —Shell small, high-spired, elongate-con- 

ic, smooth, glistening white. Aperture obliquely oval. 

Body whorl periphery evenly rounded. 

Distribution. —Lower Pliocene: Great Britain; Upper 

Pliocene: Great Britain, Belgium, Italy, Florida; Pleis- 

tocene: Italy, New Jersey to Florida; Recent: Vineyard 

Sound to Barbados, Great Britain to the Canary Islands 

and the Mediterranean. 

Occurrence in this study. —Localities 17c, 17d, 17f, 

19a, 26a. 

Type information. —Holotype: unknown. Figured 

hypotype: USNM 218244. 

Discussion. —(See under M. conoidea.) 

Family CALYPTRAEIDAE Blainville, 1824 

Genus CRUCIBULUM Schumacher, 1817 

Crucibulum striatum (Say, 1826) 

Plate 12, figure 13 

Calyptraea striatum Say, 1826, p. 216. 

Crucibulum striatum (Say). Dall, 1892, p. 351. 

Crucibulum striatum Say. [sic] Abbott, 1954, p. 170, pl. 21, fig. r. 

Crucibulum striatum (Say). Richards, 1962, p. 76, pl. 15, figs. 13- 

16, 24, 25. 

Diagnosis. —Shell of moderate size, patelliform, cir- 

cular; with an internal, subcircular cup. Sculpture of 

fairly coarse, crowded, radial threads. 

Measurements. — Length, 10.5 mm; maximum di- 

ameter, 20.5 mm. 

Distribution. — Pleistocene: Massachusetts to Virgin- 

ia; Recent: Nova Scotia to Florida. 

Occurrence in this study. —Localities 17b, 17c, 22a. 

Type information. —Holotype: ANSP (missing). Fig- 

ured hypotype; USNM 218252. 

Discussion.—C. constrictum (Conrad, 1842) of the 

Pliocene differs in its smaller size and in having strong 

radiating ribs that scallop the basal margin. 

Genus CREPIDULA Lamarck, 1799 

Crepidula convexa Say, 1822 

Plate 12, figures 7, 12 

Crepidula convexa Say, 1822, p. 227. 

Crepidula convexa Say. Dall, 1892, p. 357. 

Crepidula convexa Say. Abbott, 1954, p. 171, pl. 21, fig. n. 

Crepidula convexa Say. Richards, 1962, p. 76, pl. 15, fig. 23. 

Diagnosis. —Shell small, slipper-shaped, highly 

arched and inflated; with a thin internal shelf. Shelf 

edge a simple, nearly straight curve; shelf extending 

one-third the length of the shell. 

Measurements. — Length, 11.6 mm; height, 5.6 mm; 

maximum diameter, 7.5 mm. 

Distribution. —Lower Pliocene: Virginia; Upper 

Pliocene: North Carolina to Florida; Pleistocene: Mas- 

sachusetts to Florida, Panama; Recent: Massachusetts 

to Florida, Texas, and the West Indies. 

Occurrence in this study.—Localities 15, 17b, 17c, 

17d, 18b, 18d, 19a, 20b, 22a, 22b, 25a, 26a, 28. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218249. 

Crepidula fornicata (Linné, 1758) 

Plate 12, figures 8, 9 

Patella fornicata Linné, 1758, p. 781. 

Crepidula fornicata (Linné). Dall, 1892, p. 356. 

Crepidula fornicata Linné. [sic] Abbott, 1954, p. 170, pl. 21, fig. m. 

Crepidula fornicata (Linné). Richards, 1962, p. 76, pl. 15, figs. 21- 

22. 

Diagnosis. —Shell of moderate size, slipper-shaped, 

moderately arched; with a thin internal shelf. Shelf 

edge sinuate; shelf extending half the length of the shell. 

Measurements. —Length, 46.2 mm; height, 13.5 mm; 

maximum diameter, 34.5 mm. 

Distribution. —Miocene: Maryland to Florida; Low- 

er Pliocene: Virginia to Florida; Upper Pliocene: North 

Carolina to Costa Rica; Pleistocene: Massachusetts to 

Florida and Louisiana; Recent: Eastern Canada to Cen- 

tral America; Europe. 

Occurrence in this study. —Localities 7, 13, 17b, 17c, 

17f, 18a, 18b, 18c, 18e, 20a, 21a, 22a, 22b, 26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218250. 

Crepidula plana Say, 1822 

Plate 12, figures 10, 11 

Crepidula plana Say, 1822, p. 226. 

Crepidula plana Say. Dall, 1892, p. 358. 

Crepidula plana Say. Abbott, 1954, p. 172. 

Crepidula plana Say. Richards, 1962, p. 76, pl. 15, fig. 17. 

Diagnosis. —Shell small to moderate in size, flat to 

concave, smooth save for growth lines and resting 

stages. Internal shelf nearly straight-edged, one-third 

the length of the shell. 
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Measurements. —Length, 33.0 mm; height, 3.5 mm; 

maximum diameter, 26.6 mm. 

Distribution. —Miocene: Maryland to Florida, An- 

tilles?; Lower Pliocene: Virginia to Florida, Alabama?, 

Trinidad; Upper Pliocene: North Carolina to Florida 

and Venezuela; Pleistocene: Massachusetts to Florida 

and Louisiana, Panama; Recent: Canada to Florida 

and Texas, rare in West Indies, Brazil. 

Occurrence in this study.—Localities 15, 17b, 17c, 

17d, 17e, 17f, 18a, 18b, 18c, 18d, 18e, 19a, 20a, 20b, 

22a, 22b, 25a, 26a. : 

Type information. —Neotype: ANSP 19495. Figured 

hypotype: USNM 218251. 

Family NATICIDAE Gray, 1840 

Genus POLINICES Montfort, 1810 

Polinices duplicatus (Say, 1822) 

Plate 12, figures 14, 18 

Natica duplicata Say, 1822, p. 247. 

Polinices (Nevertia) duplicatus (Say). Dall, 1892, pp. 368-369. 

Polinices duplicatus Say. [sic] Abbott, 1954, p. 186, pl. 5, fig. k; pl. 

22, fig. h. 

Diagnosis. —Shell of moderate size, naticoid, solid, 

wider than high. Umbilicus covered or nearly covered 

by a thick callus plug. Males are smaller and more 

tightly coiled. 

Measurements. —Length, 41.5 mm; body whorl di- 

ameter, 43.5 mm. 

Distribution.—Miocene: Maryland to Florida (?); 

Lower Pliocene: Virginia to Florida, Louisiana and 

Texas; Upper Pliocene: North Carolina to Florida and 

Louisiana; Pleistocene: Massachusetts to Florida and 

Louisiana; Recent: Cape Cod to Florida and Texas. 

Occurrence in this study.—Localities 12, 15, 17b, 

17c, 17d, 17e, 17f, 18a, 18b, 18c, 18d, 18e, 19a, 20a, 

20b, 21a, 22a, 22b, 25a, 26a, 27, 28. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218253. 

Discussion. —As stated by Dall (1892) this common 

predator shows a wide range of shell form, varying 

with substrate, age, geographic location, and sex of the 

individual: the height-to-width ratio may vary from 

1:1 to 1:2 in a single population; the umbilical callus 

may partially or completely close the umbilicus. Plio- 

cene, Pleistocene, and Recent populations all show 

similar patterns of variation with no phylogenetic trends 

evident. 

Genus LUNATIA Gray, 1847 

Lunatia heros (Say, 1822) 

Plate 12, figures 15, 19 

Natica heros Say, 1822, p. 248. 

Polinices (Lunatia) heros (Say). Dall, 1892, p. 373. 

Polinices heros (Say). Johnson, 1934, p. 94. 

Lunatia heros Say. [sic] Abbott, 1954, p. 189, fig. 22a. 

Polinices heros (Say). Richards, 1962, p. 75, pl. 15, figs. 2-4, 10. 

Diagnosis. —Shell moderate to large, naticoid, a little 

higher than wide, solid. Whorls well rounded. Umbi- 

licus round, fairly wide, deep; not filled or covered by 

callus. 

Measurements. —Length, 45.0 mm; body whorl di- 

ameter, 41.0 mm. 

Distribution. —Miocene: (?) Maryland; Lower Plio- 

cene: (?) Virginia to South Carolina; Pleistocene: Que- 

bec to South Carolina; Recent: Gulf of St. Lawrence 

to North Carolina. 

Occurrence in this study. —Localities 17b, 17c, 17d, 

18a, 18b, 18c, 18d, 21a, 22a, 23, 26a. 

Type information. —Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218254. 

Discussion. — L. interna (Say, 1824), common in the 

Pliocene, rarely exceeds an inch in height whereas L. 

heros attains a height of four to five inches. Specimens 

of similar size are easily confused but unworn speci- 

mens of L. interna consistently exhibit more sloping 

shoulders and a stronger umbilical chink. In L. interna 

the umbilicus is bordered by a strong ridge, which is 

absent in L. heros. These distinguishing features are 

often lost in decorticated specimens, making their 

identification difficult. 

Lunatia triseriata (Say, 1826) 

Plate 12, figures 16, 20 

Natica triseriata Say, 1826, p. 211. 

Polinices (Lunatia) triseriata (Say). Dall, 1892, p. 370. 

Polinices triseriata (Say). Johnson, 1934, p. 94. 

Lunatia triseriatus Say. [sic] Abbott, 1954, p. 189, pl. 22, fig. m. 

Polinices triseriatus (Say). Richards, 1962, p. 75, pl. 15, fig. 29. 

Diagnosis. —Shell small to moderate in size, nati- 

coid, solid. Spire evenly tapered with three faint spiral 

color bands. 

Measurements. —Length, 11.0 mm; body whorl di- 

ameter, 13.0 mm. 

Distribution. —Upper Pliocene: Great Britain; Pleis- 

tocene: Massachusetts to Virginia; Recent: Gulf of St. 

Lawrence to North Carolina. 

Occurrence in this study.—Locality 17c. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218255. 

Genus SINUM Roding, 1798 

Sinum perspectivum (Say, 1831) 

Plate 12, figures 22, 23 

Sigaretus perspectivus Say, 1831, p. 3, pl. 25. 

Sigaretus perspectivus Say. Dall, 1892, pl. 378. 

Sinum perspectivum (Say). Olsson and Harbison, 1953, p. 272, pl. 

47, fig. 5. 

Sinum perspectivum Say. [sic] Abbott, 1954, p. 190, pl. 22, fig. s. 

Sinum perspectivum (Say). Richards, 1962, p. 76, pl. 15, fig. 12. 

Diagnosis. —Shell small to moderate in size, very 

low, naticoid, thin. Aperture very large, flaring. Sculp- 

ture of crowded spiral threads on the dorsal surface. 
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Measurements. —Length, 21.0 mm; body whorl di- 

ameter, 27.0 mm. 

Distribution. —Lower Pliocene: Virginia to Florida 

(?) and Texas; Upper Pliocene: Florida; Pleistocene: 

New Jersey to Florida and Louisiana, Panama; Recent: 

Maryland to Brazil. 

Occurrence in this study. —Locality 21a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218257. 

Genus TECTONATICA Sacco, 1890 

Tectonatica pusilla (Say, 1822) 

Plate 12, figures 17, 21 

Natica pusilla Say, 1822, p. 257. 

Natica pusilla Say. Dall, 1892, p. 367. 

Natica pusilla Say. Abbott, 1954, p. 191, pl. 22, fig. j. 

Natica pusilla Say. Richards, 1962, p. 75, pl. 15, figs. 8-9. 

Tectonatica pusilla (Say). Wass, 1972, p. 126. 

Diagnosis. —Shell very small, naticoid, very solid. 

Aperture obliquely oval. Umbilicus deep, partially 

covered by callus. 

Measurements. — Length, 3.0 mm; body whorl di- 

ameter, 3.4 mm. 

Distribution. —Lower Pliocene: Virginia to Florida; 

Upper Pliocene: Great Britain, North Carolina to Flor- 

ida and Louisiana; Pleistocene: New Jersey to Florida 

and Louisiana, Panama; Recent: Massachusetts to 

Florida, Texas, West Indies, Brazil. 

Occurrence in this study.—Localities 17c, 19a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218256. 

Family MURICIDAE Costa, 1776 

Genus UROSALPINX Stimpson, 1865 

Urosalpinx cinerea (Say, 1822) 

Plate 13, figures 1-4 

Fusus cinereus Say, 1822, p. 232. 

Urosalpinx cinerea Say. [sic] Abbott, 1954, p. 212, fig. 47e. 

Urosalpinx cinerea (Say). Richards, 1962, p. 80, pl. 18, fig. 5. 

Diagnosis. —Shell of moderate size, spire relatively 

high, siphon short but variable, being longer in juvenile 

specimens. Sculptured with nine to 12 axial ribs and 

10 to 14 even primary spiral cords on the body whorl 

(excluding siphon). These primary spirals may have 

secondary spiral threads in the interspaces. 

Measurements. — Length, 31.5 mm; body whorl di- 

ameter, 16.6 mm. 

Distribution. —Miocene: Maryland (?); Upper Plio- 

cene: Great Britain, Iceland, North Carolina (? possibly 

mixed Croatan); Pleistocene: Massachusetts to South 

Carolina and Louisiana; Recent: Nova Scotia to South- 

ern Florida, Washington to Central California (intro- 

duced). 

Occurrence in this study.—Localities 16, 17b, 17c, 

17d, 17e, 17f, 18a, 18e, 22a, 22b, 25a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotypes: USNM 218261, 218262. 

Discussion. —The Virginia Pliocene form, U. phrik- 

na Gardner and Aldrich, 1919, and its junior synonym 

U. suffolkensis Gardner, 1948, show a relatively longer 

siphon, stronger sculpture, more numerous and con- 

sistent secondary spirals, and a tendency for the pri- 

mary spirals to alterntae in strength, being slightly more 

strongly developed, when compared with U. cinerea. 

Specimens reported from the St. Mary’s Formation 

of Maryland as U. cinerea (Martin, 1904) probably 

represent a distinct species. 

Genus THAIS RoGding, 1798 

Thais haemastoma floridana (Conrad, 1837) 

Plate 13, figures 5, 10 

Purpura floridana Conrad, 1837, pp. 265-266, pl. 20, fig. 21. 

Thais haemastoma floridana (Conrad). Clench, 1947, p. 76, pl. 37, 

figs. 1-4. 

Thais haemastoma floridana Conrad. [sic] Abbott, 1954, p. 213, pl. 

25, fig. a. 

Thais haemastoma floridana (Conrad). Richards, 1962, p. 80, pl. 

18, figs. 10-12. 

Diagnosis. —Shell large, well-inflated, solid. Sides of 

spire nearly straight, weakly-noded. Sculpture of low, 

coarse, spiral cords. Aperture large. Siphonal canal 

broad, short. 

Measurements. —Length, 67.4 mm; body whorl di- 

ameter, 42.2 mm. 

Distribution. — Pleistocene: New Jersey to Florida and 

Louisiana; Recent: Virginia to the West Indies, Brazil. 

Occurrence in this study.—Localities 11, 17e, 17f, 

18a, 18e, 20b. 

Type information.—Neoholotype: MCZ 125382. 

Figured hypotype: USNM 218263. 

Genus EUPLEURA Adams and Adams, 1853 

Eupleura caudata (Say, 1822) 

Plate 12, figures 26-29 

Ranella caudata Say, 1822, p. 236. 

Eupleura caudata (Say). Dall, 1890, p. 144. 

Eupleura caudata Say. [sic] Abbott, 1954, p. 219, fig. 47b. 

Eupleura caudata (Say). Richards, 1962, p. 80, pl. 18, figs. 3-4. 

Diagnosis. —Shell small, rarely exceeding an inch in 

length; fusiform. Characterized in the adult stage by a 

strong, heavy varix on the outer lip; sculpture of fine 

spiral threads on the whorls and siphon; and about 12 

strong axial ribs. 

Measurements. —Length, 27.5 mm; body whorl di- 

ameter, 13.0 mm. 

Distribution.—Upper Pliocene: South Carolina to 

Florida, Great Britain; Pleistocene: Massachusetts to 



64 BULLETIN 327 

Florida and Louisiana; Recent: Massachusetts to Flor- 

ida. 

Occurrence in this study. —Localities 15, 17b, 17c, 

17d, 17e, 17f, 18a, 18b, 18d, 19a, 20a, 20b, 21a, 22a, 

22b, 25a, 26a, 27, 28. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotypes: USNM 218259, 218260. 

Discussion. —In some juvenile specimens, the axial 

ribs are finely fimbriated varices with small recurving 

spines at the shoulder. This form has been confused 

with Boreotrophon tetricus (Conrad, 1832b) (Pl. 12, 

figs. 24, 25; hypotype: USNM 218258), a species lo- 

cally common in the Neogene of Virginia and Mary- 

land. Conrad’s species was illustrated as E. caudata 

juvenile, by Gardner (1948, p. 222, pl. 29, figs. 12- 

13), but B. tetricus can be differentiated by the greater 

constriction of the siphon, the presence of only five or 

six strong spiral threads on the body whorl, and the 

lack of strong varices in the adult. 

Family COLUMBELLIDAE Swainson, 1840 

Genus ANACHIS Adams and Adams, 1853 

Anachis avara (Say, 1822) 

Columbella avara Say, 1822, p. 230. 

Anachis avara (Say). Dall, 1892, p. 135. 

Anachis translirata Ravenel. [sic] Abbott, 1954, p. 221, pl. 25, fig. ff. 

Columbella (Anachis) avara Say. Richards, 1962, p. 81, pl. 18, fig. 

16. 

Anachis avara (Say). Abbott, 1974, p. 195, fig. 2049. 

Diagnosis. —Shell small, turriform; sculptured with 

10 to 12 axial ribs on the upper half of each whorl, 

and with spiral threads that are strong on the base but 

weak or absent on the upper portions of each whorl. 

Distribution. — Pleistocene: New Jersey to South 

Carolina and Louisiana, Panama; Recent: Massachu- 

setts to Florida and Texas. 

Occurrence in this study. —Localities of Oaks, 1964, 

table C-1. 

Type information. —Lectotype: ANSP 16887. 

Discussion. — Abbott (1954) apparently reversed fig- 

ures for this and the following species. 

Anachis lafresnayi (Fischer and Bernardi, 1856) 

Plate 13, figures 17, 18 

Columbella lafresnayi Fischer and Bernardi, 1856, p. 357, pl. 12, 

figs. 4, 5. 

Columbella translirata Ravenel, 1861, p. 42 

Anachis (Costoanachis) avara translirata (Ravenel). Gardner, 1948, 

p. 229, pl. 30, figs. 36-37. 

Anachis avara Say. [sic] Abbott, 1954, pl. 25, fig. ee. 

Anachis lafresnayi (Fischer and Bernardi) Abbott, 1974, p. 195, fig. 

2048. 

Diagnosis. —Shell small, turriform; sculptured with 

about 20 axial ribs and numerous spiral cords evenly 

distributed over the whorl. 

Measurements. —Length, 17.0 mm; body whorl di- 

ameter, 7.0 mm. 

Distribution. —Lower Pliocene: Virginia (?) and North 

Carolina; Upper Pliocene: North and South Carolina; 

Pleistocene: Virginia; Recent: Maine to northeast Flor- 

ida, Louisiana, and the Yucatan. 

Occurrence in this study. —Localities 17c, 17d, 18e, 

22b, 25a, 26a. 

Type information. —Holotype: unknown. Figured 

hypotype: USNM 218269. 

Anachis obesa (Adams, 1845) 

Plate 13, figures 19, 20 

Buccinum obesum Adams, 1845, p. 2. 

Anachis (Costoanachis) obesa (Adams). Gardner, 1948, p. 229, pl. 

30, fig. 26. 

Anachis obesa Adams. [sic] Abbott, 1954, p. 221. 

Anachis obesa (Adams). Richards, 1962, p. 80, pl. 18, figs. 14-15. 

Diagnosis. —Shell very small, stubby, biconic, solid. 

Sculpture of sharp, narrow, axial riblets. Interspaces 

with spiral incised lines. 

Measurements. —Length, 4.3 mm; body whorl di- 

ameter, 2.2 mm. 

Distribution. —Lower Pliocene: Virginia to North 

Carolina; Upper Pliocene: North and South Carolina 

and Louisiana; Pleistocene: Virginia to Florida, Texas 

and Louisiana; Recent: Virginia to the West Indies and 

Uruguay. 

Occurrence in this study. —Localities 17f, 18e, 20b. 

Type information. —Lectotype: MCZ 156016. Fig- 

ured hypotype: USNM 218270. 

Genus MITRELLA Risso, 1826 

Mitrella lunata (Say, 1826) 

Plate 14, figures 1, 2 

Nassa lunata Say, 1826, p. 213. 

Astyris lunata (Say). Dall, 1890, p. 137. 

Mitrella lunata (Say). Gardner, 1948, pp. 225-226, pl. 30, figs. 17- 

18. 

Mitrella lunata Say. [sic] Abbott, 1954, p. 223, pl. 25, fig. gg. 

Columbella (Astyris) lunata (Say). Richards, 1962, p. 81, pl. 18, figs. 
22-23. 

Diagnosis. —Shell very small, stubby, biconic, solid. 

Smooth save for a few coarse spiral threads on the 

siphonal canal. 

Measurements. —Length, 5.4 mm; body whorl di- 

ameter, 2.5 mm. 

Distribution.—Lower Pliocene: Virginia to South 

Carolina; Upper Pliocene: North Carolina to Florida; 

Pleistocene: Massachusetts to Florida and Louisiana; 

Recent: Massachusetts to Florida, Texas, and the West 

Indies. 

Occurrence in this study.—Localities 11, 17b, 17c, 

17d, 17e, 17f, 18a, 18b, 18d, 18e, 19a, 20a, 20b, 22a, 

22b, 25a, 26a. 
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Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218271. 

Family BUCCINIDAE Rafinesque, 1815 

Genus BUCCINUM Linné, 1758 

Buccinum undatum undatum Linné, 1758 

Plate 13, figures 6, 7 

Buccinum undatum Linné, 1758, p. 740. 

Buccinum undatum Linné. Abbott, 1954, p. 225. 

Buccinum undatum Linné. Richards, 1962, p. 81, pl. 18, fig. 24 

Diagnosis. —Shell large, thin, inflated, variable. 

Sculpture of oblique, curving, undulatory ribs that be- 

come obsolete on the anterior half of the body whorl. 

Spiral sculpture of coarse, crowded threads. Aperture 

large, half the length of the shell. 

Measurements. —Length, 60.0 mm; body whorl di- 

ameter, 38.0 mm. 

Distribution. — Upper Pliocene: Great Britain; Pleis- 

tocene: Salmon River, Nova Scotia to Virginia; Re- 

cent: Arctic to off Virginia, Great Britain. 

Occurrence in this study. —Localities 17b, 18b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218264. 

Genus COLUS Roding, 1798 

Colus pygmaeus (Gould, 1841) 

Plate 13, figures 11, 12 

Fusus islandicus var. pygmaeus Gould, 1841, p. 284, fig. 199. 

Colus pygmaea Gould. [sic] Abbott, 1954, p. 229, pl. 23, fig. m. 

Diagnosis. —Shell small to moderate in size, fusi- 

form, solid. Whorls six, well rounded. Aperture oval. 

Siphonal canal short, narrow. Sculpture of spiral lines 

only. 

Measurements. — Unable to determine. 

Distribution. — Pleistocene: Nova Scotia and Virgin- 

ia; Recent: Gulf of St. Lawrence to off North Carolina. 

Occurrence in this study. —Locality 17b. 

Type information. —Holotype: MCZ (missing). Fig- 

ured hypotype: USNM 218267. 

Genus ATRACTODON Charlesworth, 1837 

Atractodon stonei (Pilsbry, 1892) 

Plate 13, figures 8, 9, 13, 14 

Chrysodomus (Sipho) stonei Pilsbry, 1892, pp. 328-329. 

Chrysodomus (Sipho) stonei Pilsbry, 1893, pp. 67—68, pl. 3, figs. 1-3. 

Colus stonei (Pilsbry). Jacobson and Emerson, 1961, p. 62. 

Neptunea stonei (Pilsbry). Richards, 1962, p. 83, pl. 19, fig. 13. 

Atractodon stonei (Pilsbry). Clarke, Grant, and MacPherson, 1972, 

pp. 1030-1038, pl. 1. 

Diagnosis. —Shell size moderate to large, reaching 

75 to 80 mm; siphon straight in immature specimens, 

but twisting to the left with continued growth; spire, 

siphon, and body whorl of similar length; body whorl 

swollen. Sculpture consists of 24 strong spiral cords on 

the body whorl and siphon, diminishing in strength 

towards the tip of the siphon; growth lines discernable, 

otherwise no axial sculpture: original color probably a 

rich brown judging from an unusually well-preserved 

specimen. Initial whorl involute, void of axial sculp- 

ture; keeled with a spiral cord (at the shoulder), which 

is joined by four smaller threads after about one-quar- 

ter of a turn. 

Measurements. —Length, 70.0 mm; body whorl di- 

ameter, 37.5 mm. 

Distribution. —Lower Pliocene: Martha’s Vine- 

yard ?; Pleistocene: Nova Scotia to Cape Hatteras; Re- 

cent: Extinct. 

Occurrence in this study. —Localities 17b, 17c, 18a, 

18b, 19a, 22a, 23. 

Type information. —Holotype: ANSP, (uncata- 

logued). Figured hypotypes: USNM 218265, 218266. 

Discussion. — Atractodon stonei is an extinct species 

best known from beach wash from Canada to Hatteras, 

but most frequently reported along the New Jersey 

Coast. It does not seem rare, but is usually worn, bro- 

ken, and overlooked. Clarke, Grant, and MacPherson 

(1972) suggest that the species may be a good index 

for the Sangamon interglacial, but Dall (1894, pp. 297, 

298) reported the external mold of a closely-related 

form from the Lower Pliocene of Martha’s Vineyard, 

Massachusetts. 

An unusual occurrence of the species is a deep-sea 

core taken in 11,000 ft of water, 225 mi east of Del- 

aware Bay in the Hudson Canyon (Richards and Ruhle, 

1955), apparently carried by turbidity currents. 

Clarke, Grant, and MacPherson (1972) suggest that 

the species inhabited an environment similar to the 

Acadian Province (Gulf of St. Lawrence to Cape Cod), 

based on the associated fauna at Salmon River, Nova 

Scotia. However, the Virginia specimens are associated 

with a fauna typical of the Virginian Subprovince, and 

Hatteras specimens were found with abundant Busy- 

con carica eliceans (Montfort, 1810), typical of the 

Carolinian Province. Hence, A. stonei apparently had 

a considerable tolerance for water temperature and 

cannot be associated with any particular characteristic 

fauna for paleoenvironmental interpretations. 

The nuclear whorl is rarely preserved, the above 

description being the first published record. 

Genus CANTHARUS Rodding, 1798 

Cantharus cancellarius (Conrad, 1846) 

Plate 13, figures 15, 16 

Pollia cancellaria Conrad, 1846, p. 25. 

Gemophos cancellatus (Conrad). Olsson and Harbison, 1953, p. 227. 

Cantharus cancellaria Conrad. [sic] Abbott, 1954, p. 234. 

Cantharus cancellaria (Conrad). Richards, 1962, p. 82, pl. 19, figs. 

19-20. 
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Diagnosis. —Shell of moderate size, roughly biconic, 

thin but strong. Whorls six to seven, rounded, well 

inflated. Sculpture of narrow, sharp spiral and axial 

riblets with wider interspaces. Aperture large, con- 

stricted by a low columellar ridge at the base of the 

short siphonal canal. 

Measurements. —Length, 23.0 mm; body whorl di- 

ameter, 12.5 mm. 

Distribution. — Pleistocene: New Jersey to Florida and 

Louisiana; Recent: North Carolina to Yucatan. 

Occurrence in this study.—Localities 17f, 18e, 20b. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218268. 

Family MELONGENIDAE Gill, 1867 

Genus BUSYCON Rodding, 1798 

Busycon canaliculatum (Linné, 1758) 

Plate 14, figures 6-9 

Murex canaliculatus Linné, 1758, p. 753. 

Busycon (Busycotypus) canaliculatum (Linné). Wenz, 1943, p. 1219. 

Busycon canaliculatum Linné. [sic] Abbott, 1954, p. 236, pl. 23, 

fig. n. 

eee (Busycotypus) canaliculatum (Linné). Hollister, 1958, pp. 

94-95, pl. 14, figs. 1-8. 

Busycon canaliculatum (Linné). Richards, 1962, p. 83, pl. 19, figs. 

16, 21. 

Diagnosis. —Shell very large, thin but strong, pyri- 

form. Suture with a deep, wide channel. Periphery of 

the shoulder keeled; keel commonly beaded or noded 

on the early whorls. Sculpture of flat spiral cords. Ap- 

erture very large. Siphonal canal long, rather narrow. 

Measurements. — Adult: Length, 200.0 mm; body 

whorl diameter, 115.0 mm. Juvenile: Length, 63.0 mm; 

body whorl diameter, 28.5 mm. 

Distribution. —Lower Pliocene: Virginia (?); Upper 

Pliocene: South Carolina; Pleistocene: New York to 

South Carolina and Louisiana; Recent: Massachusetts 

to Florida. 

Occurrence in this study.—Localities 11, 16, 17b, 

17c, 17d, 18a, 18b, 18c, 18d, 19a, 21a, 22a, 25a, 26a, 

Dy Aso 

Type information. —Holotype: LS 555. Figured hy- 

potypes: USNM 218274, 218275. 

Discussion. —B. incile (Conrad, 1833) of the Plio- 

cene is a more swollen shell with the siphon constricted 

closer to the base of the body whorl, giving the ap- 

pearance of a longer, narrower siphon; its suture and 

shoulder carinae alse tend to be more accentuated than 

in B. canaliculatum. 

Busycon carica (Gmelin, 1791) 

Plate 14, figures 3-5 

Murex carica Gmelin, 1791, p. 3545. 

Busycon carica Gmelin. [sic] Abbott, 1954, p. 235, pl. 23, fig. i. 

Busycon aruanum (Linné). Hollister, 1958, pp. 70-78, pl. 8, figs. 1- 

3, 5-11; pl. 18, figs. 3-5. 

Busycon carica (Gmelin), Richards, 1962, p. 83, pl. 20, fig. 1. 

Diagnosis. —Shell very large, heavy, strong, subpyr- 

iform. Shoulder marked by large nodes. Aperture large. 

Outer lip rather thin, commonly broken and repaired. 

Siphonal canal long, broad. 

Measurements. — Adult: Length, 127.0 mm; body 

whorl diameter, 64.0 mm. Juvenile: Length, 52.0 mm; 

body whorl diameter, 22.0 mm. 

Distribution. —Pleistocene: New Jersey to South 

Carolina; Recent: Massachusetts to Florida. 

Occurrence in this study.—Localities 11, 15, 17b, 

17c, 17d, 17e, 18a, 18b, 18c, 18d, 20b, 21a, 22a, 25a, 

26a, 27, 28. 

Type information. —Holotype: unknown. Figured 

hypotypes: USNM 218272, 218273. 

Discussion. —Hollister (1958) contends that this 

species is the one intended by Linné’s Murex aruanum 

rather than the Australian Trumpet customarily so as- 

signed, but most current authorities recognize the tra- 

ditional designations. B. tritone (Conrad, 1862) of the 

Virginia Pliocene resembles this species, but can be 

separated by its swollen siphon, its tendency to develop 

internal spiral lirations on the lip, its development of 

the resting stages into sharp, thin varices, and its con- 

sistent sharpness of the shoulder spines. B. tritone may 

be a subspecies of B. maximum (Conrad, 1840), a 

Pliocene form possessing the swollen siphon but hav- 

ing a smooth rounded shoulder and no development 

of varices. 

Busycon carica eliceans (Montfort, 1810) 

Fulgur eliceans Montfort, 1810, p. 502-504, fig. 126. 

Busycon eliceans (Montfort). Hollister, 1958, pp. 80-83, pl. 10, figs. 

1-5, 10, 11; pl. 18, fig. 1, 2, 4, 6. 

Busycon carica eliceans (Montfort). Abbott, 1968, pp. 138-139, 

fig. 2. 

Diagnosis. —Shell as in B. carica, but with fewer and 

much larger nodes, and a swollen ridge at the base of 

the siphonal canal. 

Distribution. — Pleistocene: Virginia and North Car- 

olina; Recent: North Carolina to Northeast Florida. 

Occurrence in this study.—Locality 17e. 

Type information. —Neotype: PRI 24941. 

Busycon contrarium (Conrad, 1840) 

Plate 14, figures 11, 12 

Fulgur contrarius Conrad, 1840, p. 387; 

Fulgur perversum Dall, 1890, p. 116 (not of Linné, 1758). 

Busycon contrarium (Conrad). Olsson and Harbison, 1953, pp. 210- 

211. 

Busycon contrarium Conrad. [sic] Abbott, 1954, p. 236, pl. 23, fig. o. 

Busycon sinistrum Hollister, 1958, p. 85, pl. 11, figs. 1-4, 10, 12; 

pl. 12, fig. 11. 

Busycon perversum Richards, 1962, p. 83, pl. 19, figs. 15—22 (not of 

Linné, 1758). 

Diagnosis. —Shell as in B. carica, but sinistral. 
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Measurements. —Length, 34.9 mm; body whorl di- 

ameter, 16.3 mm. 

Distribution. —Lower Pliocene: North Carolina to 

Florida; Upper Pliocene: North Carolina to Florida. 

Pleistocene: New Jersey to South Carolina; Recent: 

New Jersey to Texas. 

Occurrence in this study. —Localities 10, 11, 17d. 

Type information. —Holotype: ANSP, 14295. Fig- 

ured hypotype: USNM 218276. 

Family NASSARIIDAE Iredale, 1916 

Genus NASSARIUS Dumeril, 1806 

Nassarius acutus (Say, 1822) 

Plate 14, figures 10, 15 

Nassa acuta Say, 1822, p. 234. 

Nassarius acutus Say. [sic] Abbott, 1954, p. 237, fig. 53c. 

Nassarius acutus (Say). Richards, 1962, p. 81, pl. 18, fig. 17. 

Diagnosis. —Shell small, high-spired, solid. Sculp- 

ture of coarsely-noded spiral riblets. Suture channeled. 

Aperture circular; outer lip thickened. Siphonal canal 

constricted, very short. 

Measurements. —Length, 10.2 mm; body whorl di- 

ameter, 5.2 mm. 

Distribution. —Lower Pliocene: Texas; Upper Plio- 

cene: Louisiana; Pleistocene: New Jersey to Georgia 

and Louisiana; Recent: Virginia to Florida and Texas. 

Occurrence in this study.—Localities 15, 17c, 17d, 

17e, 17f, 18b, 18d, 18e, 19a, 20b, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218277. 

Subgenus ILYANASSA Stimpson, 1865 

Nassarius (Ilyanassa) obsoletus (Say, 1822) 

Plate 14, figures 16, 17 

Nassa obsoleta Say, 1822, p. 232. 

Ilyanassa obsoleta (Say). Dall, 1892, p. 239. 

Nassarius (Ilyanassa) obsoletus Say. [sic] Abbott, 1954, p. 240, pl. 

23, fig. p. 

Nassarius obsoletus (Say). Richards, 1962, p. 81, pl. 18, figs. 18, 20, 

Dale 

Diagnosis. —Shell small, solid, inflated. Sculpture of 

numerous, distinct to obsolete spiral threads. Spire 

commonly eroded. Columella with an oblique fold low 

in the aperture. 

Measurements. —Length, 18.1 mm; body whorl di- 

ameter, 11.0 mm. 

Distribution. —Upper Pliocene: South Carolina; 

Pleistocene: Massachusetts to South Carolina; Recent: 

Gulf of St. Lawrence to Florida. 

Occurrence in this study.—Localities 11, 13, 17b, 

17c, 17d, 17e, 17f, 18a, 18e, 20b, 21a, 22a, 22b, 25a, 

26a, 28. 

Type information. —Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218279. 

Subgenus HINIA Gray, 1847 

Nassarius (Hinia) trivittatus (Say, 1822) 

Plate 14, figures 14, 21 

Nassa trivittata Say, 1822, p. 231. 

Nassarius (Hinia) trivittatus Say. [sic] Abbott, 1954, p. 239, pl. 23, 

fig. j. 

ae trivittatus (Say). Richards, 1962, p. 81, pl. 18, fig. 19. 

Diagnosis. —Shell small, thin, easily broken. Sculp- 

ture cancellate, with 20 to 25 sharp axial riblets cut by 

incised spiral lines. Aperture oval. Siphonal canal short, 

twisted. 

Measurements. —Length, 21.6 mm; body whorl di- 

ameter, 12.0 mm. 

Distribution. —Upper Pliocene: Iceland, North Car- 

olina; Pleistocene: Great Britain, Massachusetts to 

South Carolina; Recent: Gulf of St. Lawrence to Flor- 

ida. 

Occurrence in this study. — Localities 11, 12, 15, 17b, 

17c, 17d, 18a, 18b, 18d, 19a, 20a, 20b, 21a, 22a, 22b, 

23, 25a, 26a, 27, 28, 29. 

Type information. —Holotype: ANSP 16472. Fig- 

ured hypotype: USNM 218280. 

Nassarius vibex (Say, 1822) 

Plate 14, figures 13, 20 

Nassa vibex Say, 1822, p. 231. 

Nassa vibex Say. Dall, 1890, p. 132. 

Uzita vibex (Say). Gardner, 1948, p. 253, pl. 30, fig. 23. 

Nassarius vibex Say. [sic] Abbott, 1954, p. 237, pl. 23, fig. q. 

Nassarius vibex (Say). Richards, 1962, p. 81, pl. 18, fig. 13. 

Diagnosis. —Shell small, solid, stubby. Spire conic, 

projecting. Body whorl inflated. Aperture large, with a 

large parietal shield. Sculpture of beaded spiral cords. 

Measurements. —Length, 14.8 mm; body whorl di- 

ameter, 9.7 mm. 

Distribution.—Lower Pliocene: North and South 

Carolina; Upper Pliocene: North Carolina to Florida; 

Pleistocene: New York to Florida, and Louisiana, Pan- 

ama; Recent: Boston Harbor, Massachusetts to Florida 

and the West Indies. 

Occurrence in this study.—Localities 11, 17d, 17e, 

17f, 18e, 20b, 25a, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218278. 

Family OLIVIDAE Latreille, 1825 

Genus OLIVA Bruguiére, 1789 

Oliva sayana Ravenel, 1834 

Plate 14, figures 18, 19 

Oliva litterata Lamarck, 1822, p. 425 (not of Bolten, 1798). 

Oliva sayana Ravenel, 1834, p. 19. 

Oliva litterata Lamarck. Dall, 1890, p. 44 

Oliva sayana Ravenel. Abbott, 1954, p. 245, pl. 12, fig. a. 

Oliva sayana Ravenel. Richards, 1962, p. 85, pl. 21, fig. 1. 
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Diagnosis. —Shell of moderate size, solid, cylindri- 

cal, smooth and highly polished. Spire very short. Ap- 

erture long, narrow. Outer lip thin. 

Measurements. —Length, 21.5 mm; body whorl di- 

ameter, 10.5 mm. 

Distribution.—Upper Pliocene: North and South 

Carolina (?); Pleistocene: Virginia to Florida; Recent: 

North Carolina to Texas, Brazil. 

Occurrence in this study. —Localities 17b, 17c, 18b, 

23% 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218281. 

Discussion. —The lower Pliocene species, O. cana- 

liculata Lea, 1843, is more obovate due to a flaring of 

the anterior canal and the lip, and its sutures are more 

strongly grooved than the larger, more tightly-coiled 

O. sayana. The columellar threads and parietal callus 

are generally more distinct in O. canaliculata. 

Genus OLIVELLA Swainson, 1831 

Olivella mutica (Say, 1822) 

Plate 14, figures 22, 23 

Oliva mutica Say, 1822, p. 228 

Olivella mutica (Say). Dall, 1890, p. 45. 

Olivella mutica Say. [sic] Abbott, 1954, p. 246, pl. 22, fig. v. 

Olivella mutica (Say). Richards, 1962, p. 85, pl. 21, figs. 11-12. 

Diagnosis. —Shell small, solid, subcylindrical, 

smooth and highly polished. Spire high, conic. 

Measurements. —Length, 15.0 mm; body whorl di- 

ameter, 6.5 mm. 

Distribution. —Lower Pliocene: Virginia to Florida 

and Santo Domingo, Texas; Upper Pliocene: North 

Carolina to Florida and Louisiana; Pleistocene: New 

Jersey to Florida and Louisiana; Recent: New Jersey 

to Texas and the West Indies. 

Occurrence in this study.—Localities 12, 15, 17b, 

17c, 17d, 18a, 18c, 18d, 18e, 19a, 20a, 20b, 21a, 22a, 

22b, 25a, 26a, 27. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218282. 

Family MARGINELLIDAE Fleming, 1828 

Genus DENTIMARGO Cossmann, 1899 

Dentimargo aureocincta (Stearns, 1873) 

Plate 15, figures 1, 2 

Marginella aureocincta Stearns, 1873, p. 22. 

Marginella aureocincta Stearns. Dall, 1890, p. 52. 

Marsginella aureocincta Stearns. Abbott, 1954, p. 254, fig. 56b. 

Volvarinella aureocincta (Stearns). Coan and Roth, 1966, p. 290. 

Dentimargo aureocincta (Stearns). Coan and Roth in Keen, 1971, 

p. 636. 

Diagnosis. —Shell very small, solid, biconic, smooth 

and highly polished. Spire high. Columella with four 

folds. 

Measurements. —Length, 4.7 mm; body whorl di- 

ameter, 2.2 mm. 

Distribution. —Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: Virginia to Florida; Recent: Virginia to the West 

Indies, Brazil. 

Occurrence in this study. —Localities 17b, 17c, 18b, 

18d, 26a. 

Type information. —Holotype: unknown. Figured 

hypotype: USNM 218283. 

Genus PRUNUM Herrmannsen, 1852 

Prunum roscidum (Redfield, 1860) 

Plate 15, figures 3, 4 

Marsginella roscidia Redfield, 1860, p. 174. 

Marsginella limatula Conrad. Dall, 1890, pp. 49-50. 

Marsginella limatula Conrad. Johnson, 1934, p. 131. 

Prunum limatula Conrad. [sic] Abbott, 1954, p. 257, fig. 56f. 

Marginella roscidia Redfield. Abbott, 1957, pp. 52-53, pl. 4, figs. 

4-4a. 

Prunum roscidum (Redfield). Richards, 1962, p. 85, pl. 21, fig. 10. 

Diagnosis. —Shell small, solid, smooth and highly 

polished. Spire short, stubby. Columella with four 

oblique folds. 

Measurements. —Length, 15.2 mm; body whorl di- 

ameter, 9.6 mm. 

Distribution. —Lower Pliocene: Virginia to Florida; 

Upper Pliocene: North Carolina to Florida; Pleisto- 

cene: Virginia to Florida; Recent: New Jersey to Flor- 

ida. 

Occurrence in this study.—Localities 15, 17b, 17c, 

17d, 18a, 18b, 18d, 19a, 20a, 21a, 22b, 25a, 26a, 27. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218284. 

Discussion. — This species has been frequently united 

with Prunum limatulum (Conrad, 1834) of the Plio- 

cene of Virginia, but Abbott (1957) states that the forms 

are distinct. The Pliocene shells are slightly smaller, 

and when color pattern is preserved, it is a little coarser. 

Uppermost Yorktown specimens, however, cannot be 

so easily distinguished and the question is not presently 

resolved. The Pliocene ranges given here are based on 

P. limatula. 

Genus GRANULINA Jousseaume, 1875 

Granulina ovuliformis (d’Orbigny, 1842) 

Plate 15, figures 5, 6 

Marginella ovuliformis @’Orbigny, 1842, p. 101, pl. XX, figs. 33- 

35. 

Marsginella lacrimula Gould, 1862, p. 281. 

Cypraeolina lacrimula (Gould). Gardner, 1948, p. 263, pl. 38, figs. 

20-21. 

Gibberulina ovuliformis d’Orbigny. [sic] Abbott, 1954, p. 259, fig. 

560. 

Cypraeolina ovuliformis (d’Orbigny). Coan and Roth, 1966, p. 295. 
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Bullata ovuliformis (d’Orbigny). Abbott, 1968, p. 156. 

Granulina ovuliformis (d’Orbigny). Coan and Roth, 1971, p. 638. 

Diagnosis. —Shell minute, solid, cypraeiform, smooth 

and polished. Spire involute, covered over by the arch- 

ing aperture. 

Measurements. —Length, 2.3 mm; body whorl di- 

ameter, 1.2 mm. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia to Florida; Recent: Vir- 

ginia to Florida and the West Indies, Brazil. 

Occurrence in this study. —Locality 17d. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218285. 

Family TEREBRIDAE Adams and Adams, 1854 

Genus TEREBRA Bruguiére, 1789 

Terebra concava (Say, 1827) 

Plate 15, figures 7, 8 

Turritella concava Say, 1827, p. 207. 

Terebra concava (Say). Dall, 1890, p. 24. 

Terebra (Strioterebrum) concava (Say). Gardner, 1948, p. 277, pl. 

38, fig. 32. 

Terebra concava Say. [sic] Abbott, 1954, p. 266, pl. 26, fig. j. 

Terebra concava (Say). Richards, 1962, p. 85, pl. 21, fig. 8. 

Diagnosis. —Shell small, very elongate, high-spired, 

solid. Whorls concave between sutures. Sculpture of 

spiral threads and with a strong, noded cord just above 

the suture. Siphonal canal short, obliquely twisted. 

Measurements. —Length, 19.8 mm; body whorl di- 

ameter, 4.8 mm. 

Distribution.—Lower Pliocene: Virginia to South 

Carolina and Texas; Upper Pliocene: North Carolina 

to Florida; Pleistocene: New Jersey to Florida; Recent: 

North Carolina to Florida, Brazil. 

Occurrence in this study.—Localities 17b, 17c, 17f, 

18a, 18b, 18c, 18d, 18e, 19a, 20b, 26a. 

Type information. — Holotype: ANSP (missing). Fig- 

ured hypotype: USNM 218286. 

Terebra dislocata (Say, 1822) 

Plate 15, figures 9, 25 

Cerithium dislocata Say, 1822, p. 235. 

Terebra dislocata (Say). Dall, 1890, p. 24. 

Terebra dislocata Say. [sic] Abbott, 1954, p. 265, pl. 26, fig. i. 

Terebra dislocata (Say). Richards, 1962, p. 85, pl. 21, figs. 2-3. 

Diagnosis.—Shell of moderate size, very elongate, 

high-spired. Whorls slightly inflated, not concave. 

Sculpture of narrow axial riblets with wider inter- 

spaces, and crowded spiral incised lines. A single spiral 

groove interrupts the sculpture pattern at or a little 

above mid-whorl. 

Measurements. —Length, 28.0 mm; body whorl di- 

ameter, 18.0 mm. 

Distribution. — Pleistocene: New Jersey to Florida and 

Louisiana; Recent: Maryland to Florida and Texas, 

Brazil, California to Panama. 

Occurrence in this study. — Localities 17b, 17c, 17e, 

18a, 18b, 18d, 18e, 19a, 20a, 26a. 

Type information. —Holotype: ANSP 192924. Fig- 

ured hypotype: USNM 218287. 

Discussion.—The Pliocene species 7. carolinensis 

Conrad, 1841, averages a bit larger, has finer sculpture, 

and has three or four strongly-incised lines on the base 

as opposed to a single strong line for 7. dislocata. 

Family TURRIDAE Swainson, 1840 

Genus KURTZIELLA Dall, 1918 

Kurtziella cerina (Kurtz and Stimpson, 1851) 

Plate 15, figures 10, 11 

Pleurotoma cerinum Kurtz and Stimpson, 1851, p. 11. 

Mangelia cerina (Kurtz and Stimpson). Johnson, 1934, p. 141. 

Pseudoraphitoma (Kurtziella) cerina (Kurtz and Stimpson). Wenz, 

1943, p. 144, fig. 4076. 

Mangelia cerina (Kurtz and Stimpson). Richards, 1962, p. 86, pl. 

21, fig. 6. 

Diagnosis. —Shell small, reaching 6 mm in length, 

turriform; shoulders sharply angled, notch between su- 

ture and shoulder, sutures scalloped by longitudinal 

ribs; sculpture of fourteen longitudinal ribs passing the 

length of the shell, and of numerous spiral incised lines. 

Measurements. —Length, 4.8 mm; body whorl di- 

ameter, 1.9 mm. 

Distribution.—Upper Pliocene: North and South 

Carolina; Pleistocene: New Jersey to South Carolina 

and Louisiana; Recent: Massachusetts to Florida, Yu- 

catan. 

Occurrence in this study. —Localities 17b, 17c, 18b, 

18d, 18e, 19a, 20b, 21a, 26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218288. 

Genus BRACHYCYTHARA Woodring, 1928 

Brachycythara galae dimonia Fargo, 1953 

Plate 15, figures 12, 13 

Brachycythara galae dimonia Fargo in Olsson and Harbison, 1953, 

p. 389, pl. 20, fig. 6. 

Diagnosis. — 

Shell small, slender, rather variable ... biconic, subturreted spire 

not inflated, apex blunt, whorls angular at the periphery, constricted 

to appressed sutures. The shoulders steeply sloping more than half 

the height of the whorls. . . . The conch is dominated by low, narrow, 

rounded, widely-spaced axial ribs (9-11). The entire surface of the 

conch is covered with fine, flattened spiral cords, which particularly 

on the periphery and the one beneath the suture are stronger (Fargo, 

1953, p. 389). 

Measurements. —Length, 8.6 mm; body whorl di- 

ameter, 3.6 mm. 
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Distribution.—Upper Pliocene: South Carolina to 

Florida; Pleistocene: Virginia; Recent: Extinct. 

Occurrence in this study. — Locality 19a. 

Type information. —Holotype: ANSP, 19151. Fig- 

ured hypotype: USNM 218289. 

Family PYRAMIDELLIDAE Gray, 1840 

Genus LONGCHAEUS Morch, 1875 

Longchaeus arenosa (Conrad, 1844) 

Plate 15, figures 14, 15 

Pyramidella arenosa Conrad, 1844, p. 309. 

Obeliscus crenulatus Holmes, 1860, p. 88, pl. 13, figs. 14, 14a. 

Pyramidella crenulata (Holmes). Dall, 1892, pp. 247-248. 

Pyramidella crenulata (Holmes). Richards, 1962, p. 74, pl. 14, fig. 

3)5), 

Pyramidella crenulata (Holmes). Abbott, 1968, p. 175, fig. 2. 

Diagnosis. —Shell length reaching about 2.5 cm, tur- 

riform; smooth with sutures impressed, finely crenu- 

lated along margin of suture channel on one or both 

sides; aperture oval, three columellar plaits. 

Measurements.—Length, 9.0 mm; body whorl di- 

ameter, 3.1 mm. 

Distribution. —Lower Pliocene: Virginia and North 

Carolina; Upper Pliocene: North Carolina to Florida; 

Pleistocene: Virginia to Florida and Louisiana; Recent: 

South Carolina to Florida and the West Indies. 

Occurrence in this study. —Localities 17d, 22b, 26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218290. 

Discussion. — As stated by Dall (1892, p. 247), Con- 

rad’s lower Pliocene species cannot effectively be sep- 

arated from the Recent forms; and his name has prior- 

ity over the more familiar “crenulata’’ by seventeen 

years. As seems to be the case with most pyramidellids, 

the size of the adult varies greatly, ranging from 0.5 

cm to 3 cm in fossil specimens. 

Genus EULIMASTOMA Bartsch, 1916 

Eulimastoma cf. E. weberi (Morrison, 1965) 

Plate 15, figure 16 

Diagnosis. —Shell minute, smooth with sutures im- 

pressed, whorls slightly constricted above and broad- 

ened below the suture giving the shell a ““Christmas 

tree” outline; three columellar plaits. 

Measurements. —Length, 2.6 mm; body whorl di- 

ameter, 1.0 mm. 

Distribution. — Pleistocene: Virginia. 

Occurrence in this study. —Locality 20b. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218291. 

Discussion. —\dentification of this species is uncer- 

tain. Andrews (1977, p. 175) figures a very similar 

specimen as Eulimastoma cf. E. weberi (Morrison, 

1965), a species cited as about one-half the size of our 

fossil form. 

Genus ODOSTOMIA Fleming, 1813 

Odostomia (Sayella) fusca (Adams, 1839) 

Plate 15, figure 27 

Pyramis fusca Adams, 1839, p. 282, pl. 4, fig. 9. 

Odontostomia (Syrnola) fusca (Adams). Dall, 1892, pp. 251-252. 

Pyramidella (Syrnola) fusca Adams. [sic] Abbott, 1954, p. 288, fig. 

62e. 

Sayella fusca (Adams). Abbott, 1968, p. 174, fig. 4. 

Diagnosis. —Shell small, 3 mm in length, turriform, 

smooth with whorls slightly inflated; suture distinct, 

aperture spatulate, no observable columellar plait. 

Measurements.—Length, 1.1 mm; body whorl di- 

ameter, 1.0 mm. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: Massachusetts to Florida; Recent: 

Massachusetts to Florida and the Gulf of Mexico. 

Occurrence in this study. —Localities 17c, 19a, 20b. 

Type information. —Lectotype: MCZ 156006. Fig- 
ured hypotype: USNM 218298. 

Odostomia dianthophila Wells and Wells, 1961 

Plate 15, figure 26 

Odostomia (Chrysallida) dianthophila Wells and Wells, 1961, pp. 

149-157, figs. 1-3. 

Diagnosis. —Shell minute, less than 2 mm in length, 

sub-turbinate with smooth, flattened protoconch; post- 

nuclear whorls evenly coiled throughout; varices want- 

ing; crenulate axial ribs intersected by weak spiral 

threads; ovate aperture half the height of body whorl; 

peritreme continuous. 

Measurements.— Length, 1.4 mm; body whorl di- 

ameter, 0.7 mm. 

Distribution. — Pleistocene: Virginia, Delaware; Re- 

cent: Massachusetts to North Carolina. 

Occurrence in this study. —Locality 20b. 

Type information. —Holotype: USNM 613499. Fig- 

ured hypotype: USNM 218297. 

Discussion. — This minute species is parasitic on the 

serpulid annelid Eupomatus dianthus (Verrill and 

Smith, 1873), hence the specific name. 

Odostomia gibbosa Bush, 1909 

Plate 15, figure 20 

Odostomia gibbosa Bush, 1909, p. 482. 

Odostomia (Odostomia) gibbosa Bush. Abbott, 1954, p. 288, fig. 

62k. 

Odostomia gibbosa Bush. Abbott, 1974, p. 292, fig. 3474. 

Diagnosis. —Shell small, moderately turriform, but 

unusually broad for the genus; body whorl particularly 

swollen in most specimens; smooth except for growth 
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lines; aperture ovate, umbilicus small but very deep; 

a single very strong columellar plait is present. 

Measurements. —Length, 3.4 mm; body whorl di- 

ameter, 2.0 mm. 

Distribution. —Pleistocene: Virginia; Recent: Maine 

to Florida and Texas. 

Occurrence in this study. —Localities 17d, 18d, 19a. 

Type information. —Holotype: USNM 203812. Fig- 

ured hypotype: USNM 218294. 

Odostomia impressa (Say, 1822) 

Plate 15, figures 21, 22 

Turritella impressa Say, 1822, p. 244. 

Odontostomia impressa (Say). Dall, 1892, p. 251. 

Odostomia (Menestho) impressa Say. [sic] Abbott, 1954, p. 288, fig. 

621. 

Odostomia impressa (Say). Richards, 1962, p. 75. 

Diagnosis. —Shell minute, elongate, high-spired. 

Dominant sculpture of low, flat spiral threads. Inter- 

spaces channeled, with microscopic axial lines. Aper- 

ture oval. 

Measurements.— Length, 3.2 mm; body whorl di- 

ameter, 1.3 mm. 

Distribution.—Upper Pliocene: South Carolina to 

Florida; Pleistocene: Massachusetts to South Carolina; 

Recent: Massachusetts to Florida. 

Occurrence in this study. —Localities 17d, 17e, 17f, 

18e, 20b, 26a. 

Type information. —Holotype: ANSP 19988. Fig- 

ured hypotype: USNM 218295. 

Odostomia seminuda (Adams, 1839) 

Plate 15, figures 23, 24 

Jaminia seminuda Adams, 1839, p. 280, pl. 4, fig. 13. 

Odontostomia seminuda (Adams). Dall, 1892, p. 251. 

Odostomia (Chrysallida) seminuda Adams. [sic] Abbott, 1954, p. 

288, fig. 62). 

Odostomia seminuda (Adams). Richards, 1962, p. 75. 

Diagnosis. —Shell minute, less than 2 mm in length, 

turriform; sculptured with about a dozen spiral ribs on 

the body whorl, the upper four of which are incised by 

longitudinal lines giving the upper portion of the whorl 

a cancellate appearance; aperture ovate; single colu- 

mellar plait. 

Measurements. —Length, 4.4 mm; body whorl di- 

ameter, 1.8 mm. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: Massachusetts to Florida; Recent: 

Prince Edward Island to Florida and the Gulf of Mex- 

ico. 

Occurrence in this study.—Localities 17d, 17e, 17f, 

18e, 26a. 

Type information. —Lectotype: MCZ 186052. Fig- 

ured hypotype: USNM 218296. 

Genus TURBONILLA Risso, 1826 

Turbonilla interrupta (Totten, 1835) 

Plate 15, figures 17, 18 

Turritella interrupta Totten, 1835, pp. 347-353. 

Turbonilla interrupta (Totten). Dall, 1892, pp. 259-260. 

Turbonilla interrupta (Totten). Abbott, 1974, p. 305, fig. 3754. 

Diagnosis.—Shell reaching eight mm or more in 

length, turriform and very slender, having some 20 

prominent longitudinal ribs and numerous spiral in- 

cised lines or threads; aperture ovate with no discern- 

able columellar plaits. 

Measurements. — Length, 7.4 mm; body whorl di- 

ameter, 1.9 mm. 

Distribution. —Lower Pliocene: Virginia? and North 

Carolina?; Upper Pliocene: North Carolina? to Flori- 

da?; Pleistocene: Nantucket, Massachusetts to Florida 

and Louisiana; Recent: Nova Scotia to Florida, Texas 

and the West Indies. 

Occurrence in this study. —Localities 17b, 17c, 17d, 

17e, 17f, 18b, 18d, 18e, 19a, 20b, 22a, 22b, 25a, 26a. 

Type information.—Holotype: unknown. Figured 

hypotype: USNM 218292. 

Discussion. —This species is frequently cited in the 

Pliocene literature, but we have seen it with certainty 

only from late Pleistocene and Recent faunas. 

Turbonilla puncta (Adams, 1850) 

Chemnitzia puncta Adams, 1850, p. 72. 

Turbonilla puncta (Adams). Dall, 1892, p. 256. 

Turbonilla puncta (Adams). Richards, 1962, p. 75. 

Turbonilla puncta (Adams). Abbott, 1974, p. 306, fig. 3775. 

Diagnosis. —Shell very small, very elongate, high- 

spired. Whorls gently rounded. Axial sculpture dom- 

inant, of 20 to 24 thick, slightly sinuous ribs with nar- 

row, deep interspaces. Spiral lines in interspaces only. 

Spaces between spiral and axial sculpture deeply pitted. 

Base of shell with fine spiral lines only. Aperture oval. 

Distribution. —Upper Pliocene: Florida; Pleistocene: 

Virginia; Recent: North Carolina to Haiti and Jamaica. 

Occurrence in this study. —Locality 15. 

Type information. —Holotype: MCZ (lost). 

Discussion. —This species is cited without reference 

from the literature by Richards (1962, p. 75), and has 

not been rediscovered by subsequent workers. 

Turbonilla reticulata (Adams, 1850) 

Plate 15, figure 19. 

Chemnitzia reticulata Adams, 1850, p. 75. 

Turbonilla reticulata (Adams). Dall, 1892, pp. 260-261. 

Turbonilla reticulata (Adams). Woolman, 1898, p. 418. 

Turbonilla reticulata (Adams). Richards, 1962, p. 75. 

Diagnosis. —Shell very small, rarely exceeding 4mm 

in length, turriform and very slender; about 16 lon- 
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gitudinal ribs with numerous spiral lines or threads in 

the interspaces; whorls slightly inflated; aperture ovate. 

Measurements. —Length, 2.5 mm; body whorl di- 

ameter, 0.9 mm. 

Distribution.—Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia to South Carolina; Re- 

cent: North Carolina to Florida and the West Indies. 

Occurrence in this study.—Locality 20b. 

Type information. —Holotype: MCZ (lost). Figured 

hypotype: USNM 218293. 

Discussion. —This species much resembles a small 

T. interrupta (Totten, 1835) with accentuated spiral 

sculpture. 7. reticulata does consistently have fewer 

longitudinal ribs and more inflated whorls. 

Family ACTEONIDAE d’Orbigny, 1842 

Genus RICTAXIS Dall, 1871 

Rictaxis punctostriatus (Adams, 1840) 

Plate 15, figures 28, 29 

Tornatella punctostriata Adams, 1840, p. 323, pl. 3, fig. 9. 

Actaeon punctostriata (Adams). Dall, 1890, p. 14. 

Acteon punctostriatus (Adams). Olsson and Harbison, 1953, pp. 157- 

158. 

Acteon punctostriatus Adams. [sic] Abbott, 1954, p. 275, pl. 26, 

fig. t. 

Rictaxis punctostriatus (Adams). Marcus, 1972, pp. 300-301. 

Diagnosis. —Shell minute, thin, very fragile. Whorls 

inflated. Spire short in juvenile shells, more elevated 

with continued growth. Sculpture of incised, punctate 

spiral lines. Columella with a single fold. 

Measurements. —Length, 1.0 mm; body whorl di- 

ameter, 0.7 mm. 

Distribution. —Upper Pliocene: North Carolina to 

Florida; Pleistocene: Virginia to Florida; Recent: Mas- 

sachusetts to Florida. 

Occurrence in this study. —Localities 17f, 18e, 20b. 

Type information. —Holotype: MCZ 155925. Fig- 

ured hypotype: USNM 218299. 

Discussion. — All specimens are juvenile but agree 

well with Recent specimens from Sand Bridge, Virgin- 

ia. A. novellus Conrad, 1834, is a larger form from the 

Pliocene that has spiral lines covering the entire body 

whorl; in R. punctostriatus the adult form restricts these 

lines to the lower portion of the body whorl. The spec- 

imen figured by Abbott (1954, pl. 26, fig. t) is unusually 

high spired. 

Family CYLICHNIDAE Adams and Adams, 1854 

Genus ACTEOCINA Gray, 1847 

Acteocina canaliculata (Say, 1826) 

Plate 15, figures 35-37 

Volvaria canaliculata Say, 1826, p. 211. 

Acteocina canaliculata (Say). Olsson and Harbison, 1953, p. 159, 

pl. 25, figs. 6—-6b. 

Retusa canaliculata Say. [sic] Abbott, 1954, p. 280, pl. 26, fig. x. 

Acteocina canaliculata (Say), Abbott, 1974, p. 313, fig. 3937. 

Diagnosis. —Shell small, reaching 7 mm in length, 

cylindrical, smooth except for growth lines; spire some- 

what elevated with the embryonic whorl rotated 90 

degrees, perpendicular to the longitudinal axis of the 

shell; aperture spatulate, with a single columellar plait. 

Measurements. —Length, 4.0 mm; body whorl di- 

ameter, 1.9 mm. 

Distribution. —Miocene: New Jersey to Florida (?); 

Lower Pliocene: Virginia to Florida and Texas; Upper 

Pliocene: North Carolina to Florida; Pleistocene: New 

York to Florida and Louisiana, Panama; Recent: Nova 

Scotia to Florida, Texas, and the West Indies. 

Occurrence in this study.—Localities 15, 17b, 17c, 

17d, 17e, 17f, 18a, 18b, 18d, 18e, 19a, 21a, 22a, 22b, 

25a, 26a, 29. 

Type information. —Holotype ANSP (missing). Fig- 

ured hypotype: USNM 218302. 

Discussion.—Except for differences of the initial 

whorl there is little to distinguish between A. canali- 

culata, and Retusa obtusa (Montagu, 1808). The spire 

of A. canaliculata is somewhat elevated and complete- 

ly visible, but that of R. obtusa is flattened with in- 

volute nuclear whorls. 

Family RETUSIDAE Thiele, 1925 

Genus RETUSA Brown, 1827 

Retusa obtusa (Montagu, 1808) 

Plate 15, figures 32-34 

Bulla obtusa Montagu, 1808, pp. 223-224, pl. 7, fig. 3. 

Bulla pertenuis Mighels, 1842, p. 346. 

Retusa obtusa Montagu. [sic] Abbott, 1954, p. 280, fig. 59a. 

Retusa pertenuis (Mighels). Richards, 1962, p. 86, pl. 16, fig. 11. 

Diagnosis. —Shell small, reaching 6 mm in length, 

cylindrical and smooth, except for growth lines; spire 

depressed, embryonic whorl involute, ultradextral; ap- 

erture spatulate, with a single columellar plait. 

Measurements. —Length, 4.0 mm; body whorl di- 

ameter, 2.3 mm. 

Distribution. —Upper Pliocene: Great Britain; Pleis- 

tocene: Quebec and Virginia; Recent: Greenland to 

Florida (10 to 294 fathoms). 

Occurrence in this study.— Locality 20b (also local- 

ities of Oaks, 1964, table C-1). 

Type information. —Syntypes: RAMM 4073-4087. 

Figured hypotype: USNM 218301. 

Discussion. —See Acteocina canaliculata (Say, 1826). 

Genus VOLVULELLA Newton, 1891 

Volvulella aspinosa (Dall, 1889) 

Plate 15, figures 30, 31 

Volvula aspinosa Dall, 1889, pp. 6, 51. 

Volvulella paupercula (Watson, 1883). Harry, 1967, p. 133 (not of 

Watson, 1883, 1886). 
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Diagnosis. —Shell very small, subcylindrical, evenly 

tapering. Spire involute, not pointed. Aperture elon- 

gate, narrow. Sculpture of obsolete lines on the base 

and apex of the shell. Columellar fold lacking. 

Measurements. —Length, 2.5 mm; body whorl di- 

ameter, 5.6 mm. 

Distribution. — Pleistocene: Virginia; Recent: North 

Carolina to Florida and the West Indies. 

Occurrence in this study. —Locality 17d. 

Type information. —Holotype: USNM 95302. Fig- 

ured hypotype: USNM 218300. 

Discussion. —Harry (1967) placed V. aspinosa in 

synonymy with V. paupercula. However, V. pauper- 

cula, as figured by Watson (1886, pl. 50, fig. 5) is a 

smaller, more narrow-elongate shell characterized by 

spiral sculpture over the entire body whorl; whereas 

V. aspinosa (as well described by Abbott, 1974) has 

strong spiral sculpture at each end, but is smooth in 

the middle of the whorl. Dall’s figure, copied by Abbott 

(1974, fig. 4029), agrees in outline with our specimen, 

but shows no spiral sculpture. The species is very rare 

in the Virginia Pleistocene. 

DUBIOUS TAXA 

The following taxa have been reported from the Vir- 

ginia Pleistocene in various papers, but are here con- 

sidered dubious because of unlikely identifications, 

probable reworking from Pliocene strata, collection 

from spoil of uncertain age, or because they were based 

on specimens now missing or unavailable for study. 

Some of these taxa may be subsequently validated, and 

are here listed as an aid to future studies. 

Richards (1962, pp. 74-75) lists the following as 

Virginia records from an otherwise unspecified refer- 

ence in the pyramidellid literature: Turbonilla reticu- 

lata (Adams, 1850); Turbonilla puncta (Adams, 1850); 

Odostomia impressa (Say, 1822). While T. puncta has 

not been subsequently discovered, it is not an unrea- 

sonable record, judging from its Recent range of North 

Carolina to the Caribbean, and the record is therefore 

included in the text. 

Richards was also the authority for the mollusk iden- 

tifications that Oaks (1964) listed in his table C-1. 

Richards (1966, 1967) then provided illustrations for 

these and other new Virginia Pleistocene records. 

However, the illustrations were, whenever possible, 

lifted from Richards (1962), and do not represent Vir- 

ginia specimens. These records, when subsequently 

validated or judged to be reasonable, are incorporated 

into our text, but the following records are judged du- 

bious: Glycymeris americana (DeFrance, 1829) [most 

likely derived from the underlying Pliocene]; Chione 

cancellata (Linné, 1767) [based on beach specimens]; 

Hiatella arctica (Linné, 1767) [Richards (1966) repeats 

his 1962 illustrations ofa small, misidentified Petricola 

pholadiformis Lamarck, 1818, and a Paramya sub- 

ovata (Conrad, 1845)]; Crepidula aculeata (Gmelin, 

1791) [most likely derived from the underlying Plio- 

cene]; Vermicularia spirata (Philippi, 1836) [we have 

seen no specimens of this distinctive species in undis- 

puted Virginia Pleistocene]; Vermetus nigricans (Dall, 

1884) [Richards (1967) figures part of an annelid reef]; 

Diodora cayenensis (Lamarck, 1822) [based on beach 

specimens]; Laevicardium mortoni (Conrad, 1831) 

[based on beach specimens]. 

Schideler et a/. (1972) describe both the Quaternary 

reflector horizons found in the shallow shelf off Vir- 

ginia Beach, and the sediments and faunas of five vi- 

bracores in the area. Student identifications of mol- 

lusks were used to develop a biostratigraphy through 

three horizons called Unit B (Carbon dates >37,000 

years); Unit C (Carbon dates of 25,700 and 20,400 

years); and Unit D (4200 years, and therefore subfossil). 

While there is no doubt that the taxonomy was inter- 

nally consistent and the biostratigraphy valid, some of 

the identifications are extremely suspect and should 

not be taken as certain records or range extensions of 

either Pleistocene or Recent species. For an authori- 

tative report of the Recent faunas of this area, see Franz 

and Merrill (1980), and Merrill, Bullock, and Franz 

(1978). The suspect species include: Adeorbis holmesii 

Dall, 1892, Cyclostremiscus obliquestriatus (Lea, 1843), 

and Ringicula guppyi Dall, 1889 [Pliocene species]; 

Adeorbis supranitidus Wood, 1848 [European]; Yoldia 

lenticula (Moller, 1842) [a Portlandia reported from 

north of Cape Cod in 110 to 122 fathoms]; Microgaza 

rotella Dall, 1884 [reported off North Carolina but 

common only in tropical waters in 50 to 100 fathoms]; 

Sportella constrata [no such usage can be found in the 

literature. Sportella constricta (Conrad, 1841), an ex- 

tinct Pliocene species, may be intended]. 

APPENDIX 

COLLECTING LOCALITIES AND MEASURED SECTIONS 

Localities 1, 5, 7-16 and their contained fauna are 

cited by Richards (1962, p. 48). Their stratigraphic 

position with respect to the present study is not clear, 

but they are included in this locality listing because of 

some similarities in faunal occurrences. 

1.—“‘Near Taft, Lancaster County, North Bank of Rapahannock 

River Taft and Mosquito Point. 10 foot Bluff.” 

5.—‘“‘Iron Point, Mathews County. A 15- to 20-foot bluff on God- 

frey Bay on left bank of Piankatank River, about half a mile south 

of Iron Point.” 
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7.—‘“‘Mumford Island, Gloucester County. On northeast bank of 

York River, opposite Yorktown. Coquina deposit just above tide.” 

8.—‘“‘Lee’s Wharf, Nansemond County. Low bluffs on both sides 

of Nansemond River at highway eighteen miles below Suffolk. Oyster 

shells.”” 

9.—‘‘Gaskins Wharf, Nansemond County. About halfa mile above 

previous locality.” 

10.—‘‘Assateague Island, Accomack County. Beach wash.” 

11.—‘‘Cape Charles, Northampton County. Hydraulic fill from 

Chesapeake Bay, half a mile south of town of Cape Charles.” 

12.—‘‘Near Deep Creek, Norfolk County (now Chesapeake). Dis- 

mal Swamp Canal, five and one half miles south of Deep Creek.” 

13.—“‘Near Lake Drummond, Norfolk County. Spoil Bank along 

Feeder Canal about a mile east of Lake Drummond.” 

15.—‘‘Dismal Swamp.” 

16.—Not described, but cited in Richards, 1962. 

17.—Type section, Acredale Formation, Womack Pit, Bonney’s 

Corner, one-half mile southeast of intersection, Indian River Road 

and Kempsville Road, Virginia Beach, Virginia. USGS Kempsville, 

7.5-min. quadrangle (1964); 36°47'30"N, 76°10'13”W. Pit flooded, 

inaccessible. Section cited top to bottom. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, brown-gray, unfossiliferous, stiff; 

gravel and pebbles concentrated near bottom and 

scattered within unit; wavy laminae and mottling; 

basal contact sharp and irregular. 1.52 

Acredale Formation 

Kempsville Member: 

1. Sandy, light-brown to brown-yellow, fine to 

medium, cross-bedded; lenses and stringers of peaty 

clay; some silt; lenses of granules and pebbles near 

base and scattered lenses throughout; ghosts of Spi- 

sula and other pelecypod shells in upper portion, 

disarticulated and oriented convex up. Upper part 

of Kempsville, nearshore marine; (Sample 17a). 1.37 

2. Sand, white to light brown-gray, medium to 

coarse; becomes coarser downward to coarse sand, 

granules and pebbles; shell material broken and 

abraded with some whole specimens; in situ bur- 

rowing pelecypods near base; iron oxidation layers 

numerous, concentrated near base to give a pseu- 

do-basal contact that is irregular. Upper part of 

Kempsville, nearshore marine; (Sample 17b). 0.61 

3. Sand, white to brown-yellow, fine to medium, 

cross-bedded; lenses and stringers of dark gray to 

black clay; iron oxidation layers scattered through- 

out with a 7 to 15 cm zone at base which is gra- 

dational with next lower unit; ghosts of Spisula and 

other bivalves present, disarticulated, oriented 

convex up. 1.28 

4. Silty sand, light gray to blue-gray, fine to coarse; 

cross-bedding in upper part, not apparent in lower 

part; very fossiliferous, mostly disarticulatéd shell 

material in upper part grading downward into more 

whole valves with 15 to 30 cm zone of Mercenaria 

in living position near base; basal contact grada- 

tional to sharp toward southwest; Ophiomorpha 

burrows. Lower part of Kempsville, shallow ma- 

rine; (Sample 17c). 1.25 

Norfolk Member: 

1. Silty sand, gray to blue-gray, fine to medium; 

serpulid worm-tube and bryozoan encrusting bio- 

herm, fossiliferous with in situ gastropods and pe- 

lecypods. Upper part of Norfolk, open marine; 

(Sample 174). 0.73 

2. Silty sand, gray to blue-gray, fine to medium; 

fossiliferous, in place. Upper part of Norfolk, tran- 

sitional marine; (Sample 17e). 2.29 

Great Bridge Member: 

1. Silty sandy clay and clayey to silty sand, fine, 

dark gray-brown to green-brown; locally fossilif- 

erous, estuarine; (Sample 17f). 0.64 

TOTAL EXPOSED 10.55 

18.—Type section, Powells Crossroads Formation, Powells Cross- 

roads Pit (Holland Road) one-tenth mile northeast of intersection 

Kempsville and Holland Roads. (Mount Trashmore), Virginia Beach, 

Virginia. USGS Kempsville 7.5 min. quadrangle (1965); 36°50’00’N, 

76°08'00"W. Pit flooded, inaccessible. Section cited top to bottom. 

(See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, brown-gray, unfossiliferous, stiff, 

granules and pebbles concentrated near bottom and 

scattered within; basal contact sharp and irregular. 1.10 

2. Sand, white to gray-white, fine to medium 

grained, cross-bedded; clay stringers and lenses and 

badly weathered shell fragments; iron oxidized lay- 

ers scattered throughout; grades into next lower 

unit. 1.43 

3. Sand, gray-white to light brown, medium to 

coarse, cross-bedded; granules and pebbles con- 

centrated at top and base where iron oxidation, 

fine fossil-hash, and local cementation occur; grades 

into next lower unit. 0.40 

4. Sand, gray, medium to coarse; granules and 

pebbles; fossiliferous, tightly packed with disartic- 

ulated, broken shells and Spisu/a; granule and peb- 

ble zone near base grading into coarse sands of next 

lower unit. Upper part of Sand Bridge, nearshore, 

shallow marine; (Sample 18a). 0.73 

5. Sand, gray, silty grading upward to coarse sand 

near top; thin lenses of clay near bottom; locally 

fossil hash near base, otherwise fossiliferous with 

bay to tidal forms referable to Ensis, Divalinga, 

and Nucula; grading upward into fossiliferous gray 

sands containing a marine shelf fauna; grading up- 

ward into coarser sands with lenses of disarticu- 

lated and broken shell material containing Spisula, 

Donax, and other nearshore genera. Lower part of 

Sand Bridge, open marine; (Sample 18b). 0.79 

Londonbridge Member: 

1. Clay, dark gray to blue-gray, sandy to silty, 

grading downward to a silt and silty fine sand; 
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sparsely fossiliferous; bottom contact sharp and 

irregular; estuarine; (Sample 18c). 1.16 

Acredale Formation 

Norfolk Member: 

1. Silty sand, light gray to blue-gray, fine to me- 

dium, grading downard to clayey sand; very fos- 

siliferous; basal contact gradational to irregular. 

Upper part of Norfolk, open marine; (Sample 18d). 2.44 

Great Bridge Member: 

1. Silty to sandy clay to clayey sand, dark gray 

to gray-brown to green-brown; fossiliferous, estu- 

arine; (Sample 18e). 0.37 

TOTAL EXPOSED 8.41 

19.—E. V. Williams Zahyer (Pavab) Pit. One-half mile northwest 

of intersection of Witchduck Road and Virginia Beach Boulevard, 

Chinese Corner, Virginia Beach, Virginia. USGS Kempsville 7.5- 

min. quadrangle (1965); 36°51'25”N, 76°09'27’W. Pit flooded. Sec- 

tion cited top to bottom. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, brown to brown-gray, unfossilifer- 

ous, mottled, laminated, stiff; granules and pebbles 

concentrated near base and scattered throughout; 

basal contact sharp and irregular. 1.22 

2. Sand, gray-white to tan, fine to medium 

grained, cross-bedded; some silty sand and clayey 

sand; clay stringers and lenses; unfossiliferous. 1.62 

3. Sand, gray-brown to tan, fine to medium; lenses 

of clayey sand, sandy clay and clay with small to 

large lenses of coarse sand, granules and pebbles; 

lenses sparsely fossiliferous; bottom contact sharp 

and irregular where clay or pebbles occur, grada- 

tional where there is sand. Upper part of Sand 

Bridge, nearshore marine; (Sample 19a). 1.16 

4. Sand, white to gray-white to tan, medium to 

coarse, cross-bedded; fine to medium sand and 

clayey sand near top; some granules and pebbles 

near base; basal contact sharp and irregular. 2.65 

Acredale Formation 

Norfolk Member: 

1. Silty sand, gray to blue-gray, fine to medium; 

fossiliferous. Upper part of Norfolk, open marine. 0.91 

TOTAL EXPOSED 7.56 

20.—E. V. Williams Ferrel Farm (New Light) Pit, one-half mile 

west of intersection of Indian River Road and Kempsville Road, 

Virginia Beach, Virginia. USGS Kempsville 7.5 min. quadrangle 

(1965); 36°47'45’N, 76°11'00’W. Pit flooded. Section cited from top 

to bottom. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, gray to brown-gray, unfossiliferous, 

mottled, laminated, stiff; granules and pebbles con- 

centrated near bottom and scattered throughout; 

basal contact sharp and irregular. 0.82 

2. Sand, brown to green-brown, medium to 

coarse; abundant granules and pebbles occurring 

in an apparent tidal or storm channel cut into un- 

derlying Kempsville barrier and beach sands; very 

fossiliferous with disarticulated, broken and abrad- 

ed shells; contact irregular and sharp. Lower part 

of Sand Bridge, shallow marine; (Sample 20a). 2.96 

Acredale Formation 

Kempsville Member: 

1. Sand, tan to brown-yellow to light yellow, fine 

to medium; lenses of granules and pebbles; ghosts 

of pelecypods, disarticulated and oriented convex 

up. 0.24 

2. Sand, white to brown-yellow, fine to medium, 

cross-bedded; interbedded with thin to thick beds 

of dark brown clay and clay lenses; iron oxidation 

zones present throughout; mottling, ripples, bur- 

rows, and ghosts present of various levels.* 2.71 

3. Sand, white to brown-yellow, fine, cross-bed- 

ded; thin lenses of clay; iron oxidation zones scat- 

tered; coarsens toward base to coarse sand, gran- 

ules and pebbles; basal contact sharp and irregular. 7.74 

Norfolk Member: 

1. Clayey to silty sand, gray to blue-gray, fine to 

medium; very fossiliferous with abundant Merce- 

naria, Mulinia, and Tagelus. Transitional marine; 

(Sample 20b). 1.10 

TOTAL EXPOSED 15.58 

21.—Deep Creek Industries Pit, Dowdy Lane (off Old Mill Road) 

near Yadkin, Deep Creek area of Chesapeake, Virginia. USGS Nor- 

folk South 7.5-min quadrangle (1965); 36°45'30’N, 76°22'00’W. Pit 

active. Section from NNE pit wall near transmission line tower; 

cited from top to bottom. See locality 32 also. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty-clay, gray to gray-brown, unfossiliferous, 

stiff, wavy laminae, mottled; basal contact sharp 

and irregular. 0.64 

2. Silty to clayey sand, dark brown to yellow- 

brown, fine to medium, cross-bedded; many clay 

stringers and lenses and organic material; unfos- 

siliferous; basal contact sharp; in places cut through 

underlying Norfolk, Great Bridge channel deposit 

and red-colored Pliocene sediments. 3.14 

Acredale Formation 

Norfolk Member: 

1. Silty to clayey sand, brown to gray-brown to 

blue-gray, fine to medium; fossiliferous; (Sample 

21a). 1.65 

2. Sand, gray-brown to brown, medium to coarse 

sand, granules, pebbles and cobbles; shell material 

broken, worn and abraded; disarticulated Merce- 

naria oriented convex up forming pavement; in- 

durated mudballs and iron concretions with des- 

iccation cracks; basal contact sharp where it is in 

contact with Pliocene sediments. 0.24 

* The above two units are missing where the Sand Bridge channel 

occurs. 
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2Great Bridge Member: 

1. Silty clay, dark gray to black, some sandy clay; 

much mottling of yellow-brown silty clay; much 

organic material including stems, branches, leaves 

and seeds; vertebrate remains: tusk of Mammut 

sp.; channel deposit, cuts downward into Pliocene 

Yorktown. 1.28 

Croatan Formation (Pliocene) 

1. Silty to clayey sand, red to dark red-brown, 

fine to coarse; much broken shell material and dis- 

articulated valves oriented convex up; indurated 

mudballs, hematite nodules, pebbles and cobbles 

near base; contact irregular and sharp. - 0.85 

Yorktown Formation (Pliocene) 

1. Silty sand, brown-green to blue-green; packed 

with broken and whole shell material; locally well 

cemented. 3.05 

TOTAL EXPOSED 8.96 

22.—Toy Avenue Pit (Davis Corner Pit, Shoney’s Pit). Between 

dead end of Toy Avenue (one block south of Virginia Beach Bou- 

levard) and Route 44, Virginia Beach, Virginia. USGS Kempsville 

7.5-min. quadrangle (1965); 36°50'30"N, 76°10'20’W. Pit flooded, 

inaccessible. Section cited top to bottom. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, gray to brown-gray, unfossiliferous, 

stiff; granules and pebbles concentrated near base 

and scattered within; wavy laminae and mottling; 

basal contact sharp and irregular. 1.19 

Acredale Formation 

Kempsville Member: 

1. Silty sand, white to light-brown, fine to coarse, 

cross-bedded; coarsening downward with granules 

and pebbles concentrated near base and occasion- 

ally occurring as thick to thin lenses throughout 

unit; lenses and stringers of dark brown to black 

silty clay; iron oxidation layers common. 2.47 

2. Sand, gray to light-gray to brown, medium to 

coarse, cross-bedded; bands of iron oxidation; fos- 

siliferous; granules and pebbles along with much 

broken and abraded shell material and disarticu- 

lated Mercenaria and Spisula oriented convex up 

occurring near top and bottom of this unit as well 

as occurring as beds and lenses within; basal con- 

tact sharp. Lower(?) part of Kempsville, shallow 

nearshore marine; (Sample 22a). 1.65 

Norfolk Member: 

1. Silty sand, gray to blue-gray, fine to medium, 

fossiliferous; thick serpulid bioherm developed and 

articulated pelecypods in living position. 3.26 
2. Silty to clayey sand, brown-gray to gray, fine; 

basal contact gradational to sharp; fossiliferous, 

transitional marine; (Sample 22b). 1.31 

Great Bridge Member: 

1. Silty to sandy clay, gray to gray-green; some 

clayey to silty sand; estuarine; (Sample 22c). 0.88 

TOTAL EXPOSED 10.76 

23.—Owl Creek Marina, one mile south of Rudee Inlet, Virginia 

Beach, Virginia. USGS Virginia Beach 7.5-min quadrangle (1965); 

36°49'30"N, 75°54'47”W. Marina dredged for beach replenishment. 

Fossils found in dredge dumps on tourist beach near end of 17th 

Street. 

25.—Greenbriar Farm Pit, one-half mile south of Interstate 64, 

one mile east of I-64, Battlefield Boulevard intersection, Chesapeake, 

Virginia. USGS Kempsville 7.5-min. quadrangle (1965); 36°47'00’N, 

76°13'30’W. Pit flooded, inaccessible. Section cited top to bottom. 

(See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, gray to brown-gray, unfossiliferous, 

stiff, granules and pebbles concentrated near base 

and scattered throughout; basal contact sharp and 

irregular. 1.22 

Acredale Formation 

Norfolk Member: 

1. Silty sand, gray to light gray, fine to medium; 

fossiliferous with thin serpulid worm tube bio- 

herm. 0.27 

2. Silty sand, gray to light gray, fine to medium; 

fossiliferous. 0.37 

3. Silty sand, gray to light gray, fine to medium; 

fossiliferous with very large serpulid bioherm de- 

veloped, most massive in lower three-quarters of 

this unit; Mercenaria and other pelecypods artic- 

ulated and in life position. Upper part of Norfolk, 

transitional marine; (Sample 25a from upper 3 ft). 4.51 

4. Silty to clayey sand, dark gray, fine; thin clay 

layer near top; fossiliferous with abundant Mer- 

cenaria and Ensis. 0.79 

TOTAL EXPOSED 7.16 

26.—Davis Corner North Pit (Lake Edward) 0.4 mi north of in- 

tersection of Virginia Beach Boulevard and Newtown Road, 0.2 mi 

west of Newtown Road, Virginia Beach, Virginia. USGS Kempsville 

7.5-min. quadrangle (1965); 36°51'30"N, 76°11'00’W. Pit flooded, 

inaccessible. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, gray to brown, unfossiliferous, stiff; 

granules and pebbles concentrated near base and 

scattered within; basal contact sharp and irregular. 0.52 

Acredale Formation 

Kempsville Member: 

1. Silty sand, light brown to gray, fine to medium, 

cross-bedded; bands of iron oxidation; basal con- 

tact gradational. 1.10 

Norfolk Member: 

1. Silty sand, gray to blue-gray, fine to medium; 

fossiliferous with serpulid bioherm developed and 

articulated pelecypods in place, nearshore, shallow 

marine; (Sample 26a). 2.32 

TOTAL EXPOSED 3.93 
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27.—Exposure along James River at termination of State Road 

1506, Eclipse, Nansemond County, Virginia. USGS Newport News 

South 7.5-min. quadrangle (1964); 36°55'05’”N, 76°00'00"W. 

28.—Sample from spoil heap and plastic tube boring. Collected 

in borrow pit on north side of Norfolk and Western Railroad, 0.4 

mi northeast of US 460, Bowers Hill, Chesapeake, Virginia. USGS 

Bowers Hill 7.5-min. quadrangle (1965); 36°47'07’N, 76°23'27’W. 

29.—Core boring just south of house on farm road east of State 

Highway 10, 0.9 mi northwest of intersection with U. S. Highway 

258 at Benns Church, Isle of Wight County, Virginia. Altitude of 

top of boring is 42.0 ft (Coch, 1968, p. 34). Assigned to the Norfolk 

Formation, sand facies by Coch (1968). 

30.—0.3 mi north of Baileys Beach on Burwells Bay, Isle of Wight 

County, Virginia. USGS Bacons Castle 7.5-min quadrangle (1969); 

37°05'13”N, 76°39'45"W. 

32.— Deep Creek Industries Pit, Dowdy Lane (off Old Mill Road) 

near Yadkin, Deep Creek area of Chesapeake, Virginia. USGS Nor- 

folk South 7.5-min. quadrangle (1965); 36°45'30”N, 76°22'00’W. 

Pit active. Section from west wall of pit. Section cited from top to 

bottom. See locality 21 also. (See Text-fig. 4.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Acredale Formation 

Norfolk Member: 

1. Silty sand, brown, fine to medium; sparse fau- 

na. 0.40 

2. Silty sand, brown, fine to medium; fossilif- 

erous with Ensis hash and abundant Mulinia; some 

Crassostrea, Polinices, Nassarius, Nucula, Ana- 

dara transversa, Busycon. 0.09 

3. Silty sand, brown, medium. Sparsely fossil- 

iferous; bioturbation present; grades NW into gray 

fossiliferous fine to medium clayey sand. 12 

4. Clayey sand, red to dark brown, iron ce- 

mented, fine; shells all convex up; large Merce- 

naria, igneous pebbles to cobbles, quartzite cobbles 

with Scolithus, mud lumps and mudstone balls with 

desiccation cracks and frequently armored; zone 

commonly cemented into iron hard pan; basal con- 

tact irregular and sharp. 0.30 

tN 

Croatan Formation (Pliocene) 

1. Sand, medium to coarse, gray-brown to red- 

brown; coarse shell hash of large bivalves; Argo- 

pecten thin, imbricated, frequently broken; marine 

forms include Argopecten, Pitar, Glycymeris amer- 

icana, G. subovata, Cyclocardia granulata, Spisula 

confraga, Anadara plicatura, large Noetia. All are 

oriented convex up; brackish water forms include 

abundant Corbicula, both single and paired valves, 

randomly distributed throughout this zone; Cor- 

bicula much less weathered, some preserving more 

traces of periostracum than same species occurring 

lower in this section; also single valves of Rangia, 

Tagelus, and Crassostrea; fragments of crab and 

sand dollars. Paired Mercenaria also found else- 

where within this same zone. 1.04 

2. Silty sand, brown to red-brown, fine to me- 

dium with much friable shell hash; large shells less 

common but imbricated and convex up; Glycy- 

meris subovata very common, convex up; occa- 

sional mudball. 0.27 

3. Silty sand, red brown to dark red, fine to coarse; 
shell hash with large shells convex up, commonly 

mudballs with desiccation cracks and cobbles to 

pebbles; Corbicula present; Argopecten eboreus im- 

bricated and convex up. Entire sequence stained 

and indurated by iron. 0.34 

Yorktown Formation (Pliocene) 

1. Sand, brown-gray, fine; broken, friable shell 

hash; heavily indurated. Occasionally a desiccated 

mudball occurs near top of this zone; base covered; 

200 ft north, this zone contains the indurated shell 

hash with common Glycymeris, Cyclocardia, As- 

tarte and pectens; lacks Corbicula. 0.24 

TOTAL EXPOSED 5.49 

33.—Reference section, Acredale Formation. Gomez Pit, one-third 

mile north of the intersection of Centerville Turnpike and Kemps- 

ville Road (Mears Corner), Virginia Beach, Virginia. USGS Kemps- 

ville 7.5-min. quadrangle (1965); 36°47'41”N, 76°10'40”’W. Section 

cited from top to bottom. (See Text-figs. 2 and 3.) 

UNIT AND DESCRIPTION THICKNESS (M) 

Powells Crossroads Formation 

Sand Bridge Member: 

1. Silty clay, brown-gray to dark brown, unfos- 

siliferous with laminae and mottling; pebbles scat- 

tered throughout; burrowing locally; basal contact 

sharp and irregular to gradational. 1.52 

Acredale Formation 

Kempsville Member: 

1. Sand, light-brown to brown-yellow, fine to 

medium, cross-bedded with lenses and stringers of 

peaty clay; lenses of pebbles and gravel near base 

and scattered throughout; ghosts of Spisula and 

other shells in upper part, mostly disarticulated and 

oriented convex up, some articulated and in living 

position. 1.68 

2. Sand, white to light brown-gray, medium to 

coarse, cross-bedded sand; coarsens downward; 

ghosts of shell material, disarticulated, oriented 

convex up; ghosts of in situ burrowing pelecypods 

and mud filled burrows; iron oxidation layers nu- 

merous, concentrated near base to give a pseudo- 

basal contact which is irregular. 2.74 

3. Sand, gray, fine; very fossiliferous, burrowed, 

two rows of Mercenaria in life position separated 

by serpulid worm tubes with encrusting bryozoans. 

Grades into next lower unit. 1252) 

Norfolk Member: 

1. Sand, gray to blue-gray, fine; mostly leached; 

grading downward into silty and clayey sand and 

silty clay; leached areas with abundant shell ghosts; 

much channeling, containing coarser sand and shell 

debris; abundant M. mercenaria and C. virginica 

occurring in 0.6 m bed near base; basal contact 

sharp commonly overlying single discontinuous 

layer of scattered cobbles and boulders; elsewhere 

contact more gradational with dark.gray to black 

silty sand to silty clay overlying dark gray clay. 2.43 

Great Bridge Member: 

1. Silty sand to clay, light gray to brown, fine 
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grained; clay, blue-gray to dark gray to black; bur- 

rowed; some channels and lenses of medium to 

coarse sand to gravel occasionally; sparsely fossil- 

iferous. 3.05 

2. Tree stump layer; in situ tree stumps of cy- 

press, sweet gum, pine and oak frequently encased 

in bluish-gray clay that is sparsely fossiliferous; 

occasionally encased in white to tan silty sand; roots 

extend downward into underlying boulder layers. 0.3 

3. Boulder layer consisting of single layer of cob- 

bles to boulders; clasts consisting of greenstones, 

quartzites, gneisses and schists; unconformably ov- 

erlies fine to medium sand to clay, the depth and 

age of which is unknown. 0.3 

TOTAL EXPOSED 13.54 
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EXPLANATION OF PLATE 1 

(All illustrated specimens x 60) 

(All are external views, unless otherwise specified) 

Figure Page 

1, 4. 

i) 

3, 8. 

(Membranipora'tenitts DGSOL. zo: .ccscrsnoiessasqe ake eeasy sae oes Sy WADE OL IL ae eg SLE eee Ee COLOR OC Err 28 

Locality 22b, Norfolk Member. 

Hypotype: USNM 218151. 

= Electra: monostachys!(BuSk)), 2.2): cic ecoe coe Rn len EE eS EE En Ee GE CCC 28 

Locality 22b, Norfolk Member. 

Hypotype: USNM 218152. 

Gribrilinaspunctata (Hassall) osc. sore Siacsccysys acreage. oper asta ees a RES ORCC EEOC Eee 31 

3. Locality 17d, Norfolk Member. 

Hypotype: USNM 218156. 

8. Locality 17d, Norfolk Member. 

Hypotype: USNM 218303. 

».Gupuladria\biporosa}Canuyand) Bassler 35 fac cece tise tel eee oe eee ne ee een 29 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218153. 

- \Cupuladriaiowentt! (Gray) Sejasacste cose 05co0) shone cs on ohs rsp shen deg oy spsgeuseale ssa pete TIES Ro eee OEE OC eee 29 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218154. 

» Discoporellaiumbellata'depressa\(@onrad)) 35502 44o eee 30 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218155. 

. Membraniporella cf. Membraniporella petasus Canu and Bassler ....... 2.0.0... 00.00 cece ete eee 31 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218157. 
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EXPLANATION OF PLATE 2 

(All illustrated specimens x 60) 

(All are external views, unless otherwise specified) 

Figure 
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1. Locality 17e, Norfolk Member, showing flattened frontal and two sizes of avicularia in proximolateral positions. 

Hypotype: USNM 218158. 

3. Locality 17d, Norfolk Member, showing double proximolateral avicularia of unequal size and heavily ridged ovicell. 

Hypotype: USNM 218159. 

4, 5. Locality 17d, Norfolk Member. 

Hypotype: USNM 218160. 

2 Stephanosellatcornutal(Gabbyand EOL) vayy-teyesssaysscs-ysnorstrv socket eke eee see ere eve oreo ceed te el ote ne aves 22) eke oan) avnatisrevahicveve) sla: sy a eysh ssi velteets 

Locality 22b, Norfolk Member. 

Hypotype: USNM 218161. 

G2 JH ippoporinalpor sal (Wierrill) wry erecta rear aoc ate ea E TON Sate aol cba ea aT Tah cue oe orere al ayn) hav etopentereysvd re ees sh aye eh sve avebersicrarshiece aves aval ees 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218162. 

(ei @upuladrialbiporosa| Ganuiande Bassler ye verecss 5 - ocx5 chete tere rere oes eee ea SV a oa POSS Oot a fa) nian Cokeh nie 8 SS eaa Lee tavs elas eissobe Syntechs erate ds tats 

Locality 18d, Norfolk Member, showing basal side. 

Hypotype: USNM 218153. 
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EXPLANATION OF PLATE 3 

(All illustrated specimens xX 60) 

(All are external views, unless otherwise specified) 

Figure 

1) HippoporinaichvH=verrillt:Maturojand:Schopfieee nner ee neo en eee eee eee eC EEE EEE Eee eee eee 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218163. 

: Hippoporidra‘calcarea:(Smitt))\ 00 ececqes ists ates das edad 620.6 SS LAS os STOEL EE EEE OOo 

Locality 22b, Norfolk Member. 

Hypotype: USNM 218164. 

3. Microporella\ciliatai(Pallas)) yj esr inher Deas Nha NETS ESE SE ae 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218165. 

4. Parasmittinainitidas(NVerrill)) sjoiccch esate tee coerce Somes POT EI roe EOE OE OE OE oO eee 

Locality 20b, Norfolk Member. 

Hypotype: USNM 218166. 

5. Cryptosula’pallasiana (Moll) i555. ces cyoyscsss oss 6 Sr an Ee ee Cece 

Locality 22b, Norfolk Member. 

Hypotype: USNM 218167. 

6. Cupuladriaowenti' (Gray) ce occcccer scsi afc pote Sicn ss oar oLay eee ape svat oR Oe eC CEO Cerne 

Locality 18d, Norfolk Member, showing basal side. 

Hypotype: USNM 218154. 

J: Discoporellasumbellata‘depressai(Contad)) eee eee eee eee EEE ELE Eee Eee eee eeor 

Locality 18d, Norfolk Member, showing basal side. 

Hypotype: USNM 218155. 
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. Solemya velum Say .................. 

1. Right valve, exterior, <1. 

2. Right valve, interior, <1. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218168. 

Nucula major Richards .............. 

3. Right valve, exterior, <1.5. 

4. Right valve, interior, x 1.5. 

Locality 23, Kempsville Member. 

Hypotype: ANSP 64321. 

Nucula proxima Say ................. 

5. Left valve, exterior, x4. 

6. Left valve, interior, x 4. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218170. 

Nuculana acuta (Conrad) ............. 

7. Left valve, exterior, x4. 

8. Left valve, interior, <4. 

Locality 17e, Norfolk Member. 

Hypotype: USNM 218171. 

. Anadara ovalis (Bruguiére) ............ 

9. Right valve, exterior, x1. 

10. Right valve, interior, <1. 

Locality 17e, Norfolk Member. 

Hypotype: USNM 218172. 

Anadara transversa (Say) ............. 

11. Right valve, exterior, x1. 

12. Right valve, interior, <1. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218173. 

Modiolus squamosus Beauperthuy ..... 

13. Left valve, exterior, x 0.5. 

14. Left valve, interior, x0.5. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218177. 

Noetia (Eontia) ponderosa (Say) ....... 

15. Left valve, exterior, x 0.75. 

16. Left valve, interior, x0.75. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218174. 

17. Right valve, exterior, <1. 

21. Right valve, interior, <1. 

Locality: Pleistocene, Horry Co., SC. 

Hypotype: USNM 218175. 

Mytilus edulis Linné ................. 

18. Left valve, exterior, x1.5. 

19. Left valve, interior, x1.5. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218176. 

Musculus lateralis (Say) .............. 

20. Left valve, exterior, <4. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218178. 

EXPLANATION OF PLATE 4 
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EXPLANATION OF PLATE 5 

; Crassostrea virginica’ (Gmelin), 2.2. 3s.5Acc ohio fe no CEE Rae eee ee ence 42 

1. Right valve, exterior, x 0.75. 

8. Right valve, interior, x 0.75. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218179. 

, Argopecten\geibbusi(Tcinne) cisco esis. sysvavek Skansen oe Ee TO OE OOO eRe Ener Cerne 42 

2. Right valve, exterior, x0.75. 

5. Right valve, interior, x0.75. 

Locality 18a, Sand Bridge Member. 

Hypotype, USNM 218180. 

33,'6; -Anomia\simplex;G.@rbigny 22... eke ncn ht IETS ares #2 OTE TOE ee eee OC RE Eero 42 

3. Right valve, exterior, x 1.2. 

6. Right valve, interior, x 1.2. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218181. 

4:1: Astarte:castanea\(Say)) of cov S55 eee Oe Cane Ho OE oe COE ACen 45 

4. Right valve, exterior, <1. 

7. Right valve, interior, x1. 

Locality 23. 

Hypotype: USNM 218182. 

9. 10: | Grassinellailunulata|(Conrad)) (5, 5-55:/5.2 cocci ieee PTO ENTE Ee Oo OO CECE 46 

9. Left valve, exterior, <7. 

10. Left valve, interior, x7. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218183. 

Lil,. 125: ‘€yelocardia'borealis\(Contad)) kc, oi) ox2)sche oe OCI Oi ne One Cee ees: 45 

11. Right valve, exterior, x 1.2. 

12. Right valve, interior, x 1.2. 

Locality 23, Kempsville Member. 

Hypotype: USNM 218184. 

» Pleuromenis;tridentatai(Say) sr ecco cs, fiche i ciostabe dente sev Tice oie os ES ETO ge OEE EO eee eee 45 

13. Left valve, exterior, x4. 

14. Left valve, interior, x4. 

Locality 21, Norfolk Member. 

Hypotype: USNM 218185. 

)Parvilucina multilineata|(@uomey, and) Holmes)) ~ 32-44. 4- see eee eee eee eee 43 

15. Left valve, exterior, x7.5. 

19. Left valve, interior, x 7.5. 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218186. 

, \Codakiatcostatal(G:Oxrbigmy)) ee. -cofesssciejaies ests emery Setar eS Fe oN tO SOPOT TTT EP SCTE oto ce rretroA 43 

16. Left valve, exterior, x4. 

20. Left valve, interior, x4. 

Locality 18e, Great Bidge Member. 

Hypotype: USNM 218169. 

i. Divalinga'quadrisulcatai(d:Orbigny))\\22)59656 ee sare ee Oe BO ee EEO ee OCC eee Oe eeeeece 43 

17. Right valve, exterior, x1. 

18. Right valve, interior, <1. 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218187. 
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Diplodonta punctata (Say) ............-. 

1. Right valve, exterior, <4. 

5. Right valve, interior, x4. 

Locality 18b, Sand Bridge Member. 

Hypotype: USNM 218188. 

. Bornia longipes (Stimpson) ............. 

2. Right valve, exterior, <4. 

6. Right valve, interior, x4. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218189. 

Aligena elevata (Stimpson) .............. 

3. Right valve, exterior, <9. 

7. Right valve, interior, <9. 

Locality 19, Sand Bridge Member. 

Hypotype: USNM 218190. 

Mysella planulata (Stimpson) ........... 

4. Left valve, exterior, x 7.5. 

8. Left valve, interior, x 7.5. 

Locality 19, Sand Bridge Member. 

Hypotype: USNM 218191. 

. Dinocardium robustum (Lightfoot) ....... 

9. Right valve, exterior, <1. 

12. Right valve, interior, <1. 

Locality 21, Norfolk Member. 

Hypotype: USNM 218192. 

. Pitar morrhuana (Linsley) .............. 

10. Left valve, exterior, <1. 

13. Left valve, interior, x1. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218304. 

. Dosinia discus (Reeve) .................- 

11. Left valve, exterior, x0.5. 

15. Left valve, interior, x0.5. 

Locality 17e, Norfolk Member. 

Hypotype: USNM 218194. 

. Gemma purpurea (Lea) ................- 

14. Left valve, exterior, x 7.5. 

18. Left valve, interior, x 7.5. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218193. 

Mercenaria mercenaria (Linné) .......... 

16. Right valve, exterior, x 0.5. 

17. Right valve, interior, x 0.5. 

Locality 17c, Norfolk Member. 

Hypotype: USNM 218195. 

EXPLANATION OF PLATE 6 
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Figure 

1-3, 6. 

13, 14. 
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EXPLANATION OF PLATE 7 

Mercenaria:campechiensis (Gmelin) [aati etna oe See een OE LEO OO et ECE CE CECE ern 51 

1. Left valve, exterior, x0.5. 

2. Left valve, interior, x0.5. 

Locality 17b, Kempsville Member. 

Hypotype: USNM 218196. 

3. Right valve, exterior, x0.75. 

6. Right valve, interior, juvenile, x 0.75. 

Locality 17b, Kempsville Member. 

Hypotype: USNM 409332. 

.. Petricola pholadiformis Wamarck® x. 0.0560< 6 cine sido see ce TEE eee 52 

4. Right valve, exterior, <1. 

5. Right valve, interior, <1. 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218197. 

\ Maulinia lateralis (Say) Sicciscscin scsi cic es th ie 15 S008 oo ee EPMO STE OG aE VSS EL ans OIE OEE ORR TESTA 47 

7. Right valve, exterior, x3. 

10. Right valve, interior, x3. 

Locality 17f, Great Bridge Member. 

Hypotype: USNM 218198. 

5 Raeta) plicatella(UMarmarck) iis eo.) cjeys se. apo aes): 0h ove soy sso ay ta dn POT I ATOM es 0 Soba aS eT eee eee ee 47 

8. Right valve, exterior, x0.75. 

11. Right valve, interior, x 0.75. 

Recent beach deposit, VA/NC state line. 

Hypotype: USNM 218199. 

+ Rangia cuneatal (Sowerby) ) cisco pei sie ssp secs ce san aite cel nS eee eared eaU RSET OEE TY 0 UST EEE EPC SIC Pe Reon 47 

9. Right valve, exterior, x2. 

12. Right valve, interior, x2. 

Locality 18b, Sand Bridge Member. 

Hypotype: USNM 218200. 

‘Spisula solidissima/ (Dillwyn) io sce cere eis eee eT OOO eee eee 46 

13. Left valve, exterior, x0.75. 

14. Left valve, interior, x 0.75. 

Locality 17b, Kempsville Member. 

Hypotype: USNM 218201. 



BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 92 PLATE 7 



BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 92 PLATE 8 



Figure 

14s 

Da 

$5, Oe 

7,8 

13, 14. 
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Tellina agilis Stimpson ................. 

1. Left valve, exterior, x3. 

4. Left valve, interior, = 3. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218204. 

Tellina texana Dall .................... 

2. Right valve, exterior, x4. 

5. Right valve, interior, x4. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218203. 

Tellina alternata Say ................... 

3. Left valve, exterior, 1.2. 

6. Left valve, interior, x 1.2. 

Locality 18e, Great Bridge Member. 

Hypotype: USNM 218202. 

Macoma balthica (Linné) ............... 

7. Right valve, exterior, x 1.5. 

8. Right valve, interior, x 1.5. 

Locality 18e, Great Bridge Member. 

Hypotype: USNM 218205. 

Macoma constricta (Bruguiére) .......... 

9. Left valve, exterior, x0.75. 

12. Left valve, interior, x0.75. 

Locality 17f, Great Bridge Member. 

Hypotype: USNM 218206. 

. Donax roemeri protracta (Conrad) ....... 

10. Left valve, exterior, x 4.5. 

11. Left valve, interior, x 4.5. 

Locality 26, Norfolk Member. 

Hypotype: USNM 218207. 

Donax parvula Philippi ................. 

13. Left valve, exterior, <5. 

14. Left valve, interior, x 5. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218208. 

. Tagelus divisus (Spengler) ............... 

15. Left valve, exterior, x 1.5. 

17. Left valve, interior, <x 1.5. 

Locality 18e, Great Bridge Member. 

Hypotype: USNM 409329. 

. Tagelus plebeius (Lightfoot) ............. 

16. Right valve, exterior, x 0.75. 

18. Right valve, interior, x0.75. 

Locality 17f, Great Bridge Member. 

Hypotype: USNM 218209. 

. Semele cf. S. purpurascens (Gmelin) ..... 

19. Left valve, exterior, <4. 

20. Left valve, interior, x4. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218210. 

EXPLANATION OF PLATE 8 
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Figure 

1, 4. 

i) nn 

3, 6. 

7, 8. 

UTS 3a, 

13, 18. 

14-17. 

19, 20. 
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EXPLANATION OF PLATE 9 

Page 

Abra aequalis\(Say)\ cee ge cisie ssa ec deysusds See ORO OE ERIS oF cena he OR EOE CTE OC ee eee 50 

1. Right valve, exterior, 3. 

4. Right valve, interior, x 3. 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218211. 

| Gumingiastellinotdes: (Conrad) Wee.) gees... oF EOE ee ree 50 

2. Left valve, exterior, x2. 

5. Left valve, interior, x2. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218212. 

Miya aremaria (inne: 5.25. sO NE TIE I EO OCCT EEE EPEC CEE ee 53 

3. Right valve, exterior, x0.75. 

6. Right valve, interior, x 0.75. 

Locality 22c, Great Bridge Member. 

Hypotype: USNM 218214. 

Ensis directis} (Conrad)! isco ccyore epee is os eV RTI OO Eos 80) TES Cn CE ECE ieee 48 

7. Left valve, exterior, x0.5. 

8. Left valve, interior, x 0.5. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218213. 

s Gorbulajswiftiana A Gans eyes coe evs 5 aie ces vos cb adh se A Ore FEO SLATE CCE IE EE Oe 53 

9. Right valve, exterior, x 4.2. 

10. Right valve, interior, x 4.2. 

Locality 18e, Great Bridge Member. 

Hypotype: USNM 218216. 

Corbula’contractaiSay: (orscn eis scoot aie. 0p 556 SS NESTS Te ACNE EET RE Ee Ee Oe ere 53 

11. Left valve, exterior, x 3.5. 

12. Left valve, interior, x 3.5. 

Locality 17d, Norfolk Member. 

Hypotype: USNM 218215. 

Paramya'subovata'(Govrad)) (esis. cscscce sees sisiecss sc che abet ee ee Rees lan sted te 3 seg ots 2b ago a eT IE ote EOC 53 

13. Right valve, exterior, x 3. 

18. Right valve, interior, x 3. 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218217. 

Barnea truncatal(Say)icecsrccco 8 5 he 5 8 So es TE oC OC eee 54 

14. Left valve, exterior, x0.75. 

15. Left valve, interior, x0.75. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218218. 

16, 17. Opposed valves (ventral and dorsal views) with protoplax in place, x0.75. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218219. 

Cyrtopleuraicostata: (Tinney ieee SO EO EEE OES ee ee eC EEE eee eret 54 

19. Right valve, exterior, x 0.5. 

20. Right valve, interior, x0.5. 

Locality 17e, Great Bridge Member. 

Hypotype: USNM 218220. 
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Figure 

Sie 

4, 8. 

11, 14. 

25 MO, 1)5 

13. 

15. 

17, 18. 

20, 21. 
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EXPLANATION OF PLATE 10 

MIVA ArlesiaCUNELLOFTIES\ (SAY)! 2 hsyav seco seis Mean sae aa Ge Tea a eseTe eave ae Sas arn ee, = 3p (6 ay spaspeken Walley specs’ Sos cucgepeetuesetsys eave rave ehe vere eiee 54 

1. Right valve, exterior, = 3. 

5. Right valve, interior, x3. 

Locality 18b, Sand Bridge Member. 

Hypotype: USNM 409330. 

Pandora) gouldiaria sD alli gsr rerrs yet eee Tao THOT PNET 8 Hrs) Si Hie S 8 ayo OLEB AR) Sas, oS TVS openSi oye) ew sy see eyes ors favapete sue ee 55 

2. Right valve, exterior, x 2. 

6. Right valve, interior, x 2. 

Locality 18b, Sand Bridge Member. 

Hypotype: USNM 218221. 

IPANGOVAIIVILINCALAISAY Drees cies osteo te 6 en ee NTT Ie eee SNF AE 80 TON LT TSE ST OI Cakes eres Tale Pe taeises siacaWeyey st oiaus neue coueenals =) 

3. Left valve, exterior, x2. 

7. Left valve, interior, x 2. 

Locality 18d, Norfolk Member. 

Hypotype: USNM 218222. 

J ETOH UTR (REM) genegy os cdo omen OUGU OCR SHOUD UCC EORUCO OIC ROC Ee oreo OUe eau a oIO CRA Tics Geter eer 56 

x 1.5, Locality 17f, Great Bridge Member. 

Hypotype: USNM 218227. 

5! AG (Gone ison coc costocnn do CoC eODER Oo Co GR OU OGOD DD UUSEGSDE tno 6 DUBOReBEnEtn sa cdcbn Gomme eaaaes 54 

9. Right valve, exterior, x 3. 

10. Right valve, interior, x 3. 

Locality 17c, Kempsville Member. 

Hypotype: USNM 218223. 

Periplomiatiearal(G]orrad yy eters says sess ees a aie Ve CTT VOWS ESS TS. Sees 4p VNSI ST NG 19575) 095 ST EUREOLE SETS (018 Bis i517, BIBS LET STOR eICIe eso SheRerevapeis eyez tse Ses 55 

11. Left valve, exterior, x2. 

14. Left valve, interior, x2. 

Locality 18b, Sand Bridge Member. 

Hypotype: USNM 218224. 

IS KOM EM ISPCCIOS ee tre ee Tce oa ier eL ol lc soda a sah Pegle eee vaaves oss Subts revovauobhetionee mis "hifensyzcya eel tha se oponagens qeusyoye) ors dssyans escent 55 

x45, Locality 20b, Norfolk Member. 

Hypotype: USNM 218226. 

Cingulainorfolkensis ane wiSPCCleSi reais 5 ache roe oot Tas se POP N Ce ve Pas fos 505 55 56 Vee apnoea te bens 16 coy av are o vasp. eevee 56 

x25, Locality 20b, Norfolk Member. 

Holotype: USNM 409331. 

Hydrobiaitottenti Morrison cpr crcta cress eee es eae a TT SLE ae esa TO Tobe saa ans Sve ela aleve MPA oes slots csstne = vey arsuaseyoes 56 

x11, Locality 17b, Kempsville Member. 

Hypotype: USNM 218228. 

VatrinellaifioridanaiPilsbry;andi/McGintypecereerrtetec eter cic icici eee ee eee Tore eee) ROTOR ere EE io ois arene 56 

x50, Locality 20b, Norfolk Member. 

Hypotype: USNM 218229. 

Teinostomaicryptospival ((Verrill)) a7 iepseaves cies ose teseete tahoe 0 2252 sess ots oye oa sos (alee eS arse esos Sz tscel ayeregeteneielote stave kes eVelele etes«. 612 o1sae(evel 57 

x40, Locality 20b, Norfolk Member. 

Hypotype: USNM 218230. 
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EXPLANATION OF PLATE 11 

CGirculusliratus®(Verrill)s 32-2255 ob soccer AS EE Id Salo Stee EO Oe Oe COR eee 57 

x 20, Locality 19, Sand Bridge Member. 

Hypotype: USNM 218231. 

Cyclostremiscus jeannae Pilsbry and McGinty ................ 0220 e cece cee eee ent ee tees eee e eee eeee 57 

x 25, Locality 20b, Norfolk Member. 

Hypotype: USNM 218232. 

‘Solariorbis;infracarinata (Gabb)--i3.ccjec so cto he eer ORE eee Eee 57 

x 30, Locality 20b, Norfolk Member. 

Hypotype: USNM 218233. 

Solariorbis'cl)S.blaketsRenaerin: seine eyee aie seven ees een oe eos AS oo eee eer eee ee ES OR ee eee 57 

x50, Locality 20b, Norfolk Member. 

Hypotype: USNM 218234. 

Gaecunt:coopert: Smithy, 22. firs shige = Neen ous oa esha OE OEE EOE oC EEO CREE Ee erat 58 

x12, Locality 18a, Sand Bridge Member. 

Hypotype: USNM 218235. 

Caecum johnsont Winkleyi i yic5.< sfc void ers arava SIS eee ee ie 41S ARI e ue SETI TE ote TEEPE TVS EI EIS Err 58 

11. x20, adult. Locality 20b, Norfolk Member. 

Hypotype: USNM 218236. 

12. x20, juvenile stage. Locality 20b, Norfolk Member. 

Hypotype: USNM 218237. 

13. x20, juvenile stage. Locality 20b, Norfolk Member. 

Hypotype: USNM 218238. 

Setla: adarnstts (Wea) rer erie iyosoes ie 98a 5s Ae NCEE TNS TOO EO ne OE SS eee 59 

x7, Locality 17c, Kempsville Member. 

Hypotype: USNM 218241. 

Cerithiopsis;ernersonis(Adams)) 5. <9 53:52 aaa cecegen sation ns so 025s 20s eT ty OPV IE ES a TI TTS oA EE Roe ST 58 

x 22.5, Locality 20b, Norfolk Member. 

Hypotype: USNM 218240. 

Triphoranigrocinta\(AGAmS)) (Gy -corsjss-15:805 -2etsbse avec eee peso shoe ss Se Eee EE CEE eee 59 

x 7.5, Locality 17f, Great Bridge Member. 

Hypotype: USNM 218242. 

Epitonium angulatum (Say) .............2 2000 eee veel Bee WSS GeeeeN RDM CASRN HATE SOR RC Eee 59 

x 3, Locality 18b, Sand Bridge Member. 

Hypotype: USNM 218243. 

‘Epitonium'<championiiClenchtand#hurmei se eee eee eee eee eee EEE Eee CLL 59 

x 3, Locality 17c, Kempsville Member. 

Hypotype: ANSP 64322. 

Epitonium’humphreysiti(Kiener) | ope... <cccese.cs ora eee oe I ee OO OOO EEO eee 60 

x5, Locality 17c, Kempsville Member. 

Hypotype: USNM 218245. 

Cerithiopsis' green’ (AGAmS): 2.2 <chccy cent ees srs 3ie ENN OCTET TST eS TO OE 59 

x 22.5, Locality 27, Kempsville Member. 

Hypotype: USNM 218239. 
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3, 4. 

24, 25. 

26-29. 

PLEISTOCENE FAUNA S.E. VIRGINIA: SPENCER AND CAMPBELL 

EXPLANATION OF PLATE 12 

ES PitOnetierst gin ultistrecatusrats (SAY) ere poy eyo oe Tee ST eI) 95 AVY EUS ISTOE Ee eT FUEL TAG oP o ben hee Pa oie el enelio araceue suet oevav ovayonersyess 

x3, Locality 17c, Kempsville Member. 

Hypotype: USNM 218246. 

FE pitoniurn}rnpicolesreay (UTZ) iy peta ec etre ees reso RLS UCTS NUS STONY See 5 62m Re yes en ePentelsnencb or eles laiehalsieks a oscecnios 

x 2.4, Locality 20b, Norfolk Member. 

Hypotype: USNM 218247. 

bw Melanellatconoideal KurntziandiSumpsOn) sea eee ee CECE Oe e eeee eC Ooo eee CLE EEE oer: 

x 10.5, Locality 17c, Kempsville Member. 

Hypotype: USNM 218248. 

SeMelanellatintermediay(Carntrarme bryce sxiscee rhe vos 0 Se TTT TTR k RIL FSS DETOURS TO Oe ere LHS Sascne Sueray ai 

x6, Locality 18d, Norfolk Member. 

Hypotype: USNM 218244. 

3S RTT GT TIET BEN ie poo ommunets code DoD Eaton CoB Ons Shor OU bb Dad GUST Do OR MOD ead ono oD oc Goth nce cer etecLe 

x3, Locality 17c, Kempsville Member. 

Hypotype: USNM 218249. 

3 CRT AEG (COT (LT cago occ owebo coceou icon canbe doco DOM ernie ame tGaRcorertec ots coca dada ocron nc team meee 

x 0.75, Locality 17c, Kempsville Member. 

Hypotype: USNM 218250. 

Set GTA ET I NSEM) ceed ago d ontd docu be Doub Gono ma ooeEietrs cas bn Been diario coc otomeaentic a raciiestorita.< otro aterm 

x1, Locality 17c, Kempsville Member. 

Hypotype: USNM 218251. 

p KCL OT (CEN io oeino oc oulceu 6 oun poe nn ae COCO DCO IME ED Oo ooo Uc dun ommtttra acc rie Coir ein near eC teteers 

x 1.5, Locality 17b, Kempsville Member. 

Hypotype: USNM 218252. 

bed RQ OIE TAT (CENA)! ooo hue a bom odo oc econ aR ee acetic. 6.0.0 Ta REE marae Cee One. ciiaer tain ou ae Mann eb chacin ohne 

x 0.75, Locality 17c, Kempsville Member. 

Hypotype: USNM 218253. 

b IEA ATA YIKno (CEO) Gare Sbcoossouo UgocL DER OROE AC 5 doc dodo 906 U COCO ERS SOO n GOD OUT GUC DUCE Ome e cou nap eee ocean 

x 1.5, juvenile. Locality 18d, Norfolk Member. 

Hypotype: USNM 218254. 

NEL UNATIGIFISCrIALAU(SAY)) eer eR Te eos eT Se TTR Ee Ey OTM aoe te ss as 

x3, juvenile, Locality 17b, Kempsville Member. 

Hypotype: USNM 218255. 

PL CCLONALICE DUSELIGA (SAY) Maa oT TR eRe STM RON Le SLASH 55 PRR TOMS Horo e Sus eh NS sce Oreos kde lez ret 

x9, Locality 19, Sand Bridge Member. 

Hypotype: USNM 218256. 

BOUTON ETAT ENO) come ndge> > o6.cco oud oda dOr endc.o 0 o 0 COO TRUS Raa Ener e.ccic.c oc Gnmemceiaite aemtemtrtd od oc Pinta tons crete 

x 1.2, Locality 22a, Norfolk Member. 

Hypotype: USNM 218257. 

Boreotrophon tetricus| (Conrad) herp er ee ee ae Re aoe a Fora bao avast ob ah lie ete Cee Fa Fea ana el oes Pee IIe coer oa iver 

x2, Yorktown Formation (Pliocene), Panopea Bed, Chuckatuck, VA. 

Hypotype: USNM 218258. 

Eupleura)cawudata) (Say) ites cc svcesce sce To RS ela ER Ee eSB Ea be SSN SLATE TEN ep oR ea cea ste Toe Me eve rape cette te eaten air 

26-27. x2, juvenile. Locality 17d, Norfolk Member. 

Hypotype: USNM 218259. 

28-29. x1.7, adult. Locality 17d, Norfolk Member. 

Hypotype: USNM 218260. 

101 
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Figure 

1-4. 

8, 9, 13, 14. 

We2: 

15, 16. 

17, 18. 

19, 20. 
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EXPLANATION OF PLATE 13 

Urosalpinx cinerea (Say) -sicsiscsisiscetsians oles see ns accu eas \See agape ere a sisson Yoo eno ST SH oe a Theo Te) ee RT Reson: 63 

1, 2. x1.5, Locality 17d, Norfolk Member. 

Hypotype: USNM 218261. 

3, 4. 1.5, malformed with varices. Locality 17d, Norfolk Member. 

Hypotype: USNM 218262. 

| Thais haemastoma floridana (Conrad) «3.2 .....2 62 2202 tec ce de ones cs ye nes cose eens dee ane eeoamaee eerie ere ee 63 

x0.75, Locality 17f, Great Bridge Member. 

Hypotype: USNM 218263. 

. Buccinum undatum undatum Linné ..... 2... 0.0. ee eee nnn cece etn ene e eee eaaes 65 

x1, Locality 17b, Kempsville Member. 

Hypotype: USNM 218264. 

Atractodon'stonet(Pilsbry), 25 peices asatecs arse ohese aes bn a2 een Soe S bere BLAU EL) Sheen cero Too ESI SET oe ToT HP A HE oreo eae 65 

8, 9. x6, juvenile. Locality 23, Kempsville Member. 

Hypotype: USNM 218265. 

13, 14. <x0.75, adult. Locality 17c, Kempsville Member. 

Hypotype: USNM 218266. 

Colusipygmaens\(Gould)) sc. ices secede See ROS ne ee TT ee TOTO ee ete 65 

x2, Locality 17b, Kempsville Member. 

Hypotype: USNM 218267. 

Gantharusicancellarius/(Conrad)) oe oen ecroneeon S eee  eeee eE eeee ee 65 

x 1.2, Locality 17f, Great Bridge Member. 

Hypotype: USNM 218268. 

Anachisilafresnayi\(Fischerand) Berardi) pene eee eee Cee eee eee eee OLE eee EEE ee eee aee 64 

x3, Locality 17c, Kempsville Member. 

Hypotype: USNM 218269. 

Anachisobesa(AdamsS); 2 .ps.2 che oe ers es po han eee ose TE SLES eT TERE EE OEE Eee ce 64 

x9, Locality 17f, Great Bridge Member. 

Hypotype: USNM 218270. 
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EXPLANATION OF PLATE 14 

OY LTE TCS ENG tos oo BRED COOH OCOD 06 CHOU ARO Toe c COD CMG Rites cto SiG eon a icin aaron rs Cher oleae ee ein teacher eetercitc 64 

x6, Locality 17c, Kempsville Member. 

Hypotype: USNM 218271. 

HE BUSY COMTCOVICAs (GrIMELin) Wepery cores at eS Se SRT Fee Veg eso oye Sec ka feted eV ee hor sho ose tens ce, w e\“ae vag sgeveverors ce on sneasceusteVeverete etereomls ibis 66 

3, 4. x0.37, adult. Locality 17e, Norfolk Member. 

Hypotype: USNM 218272. 

5. x0.81, juvenile. Locality 17e, Norfolk Member. 

Hypotype: USNM 218273. 

Pe Busyconicanaliculatrrr(TErin)) ce cpt ete te ensayo aoa ev arene Neen $n Co STV PTS aie 2820 SAV RCS IRFU eee ae aie aes estes 66 

6, 7. 0.75, juvenile. Locality 17b, Kempsville Member. 

Hypotype: USNM 218274. 

8, 9. x0.25, adult. Locality 17b, Kempsville Member. 

Hypotype: USNM 218275. 

NP BUSY CON COMLFAFILII) (CONTA) ba leraysret ete oA aL va oY 0S SEO EOe sts ho SOIR a), 3 or cra Oa OAR BIG os Bate TOLSLE SHIR CLS LED DaGIT EIAs IOs REEL NHe 66 

x 1.4, Locality 17d, Norfolk Member. 

Hypotype: USNM 218276. 

p ANC EET UDIC ATU CEN) co oooenHoe boa ACOOIID o CO CER ondcraco 0 0 6 0 UT GRODRIGAHO coc Ore tCa cao ammo Goo CeraoretoioS otic aan 67 

x4, Locality 17f, Great Bridge Member. 

Hypotype: USNM 218277. 

Sv NASSATIUSVEDOX: (SAY) Werte 1c ToR eter oo TORT aoe LTT TS TENVSTSEOVENS ©5515 SVOL SHE ETE Tors a ie VOPPOVE © 0 a, ("0 SES CRTOSIOVAY ooh 3 LTE GPM ee ah e cvAS 67 

x3, Locality 17e, Norfolk Member. 

Hypotype: USNM 218278. 

SINCERE Ce TAO R TU SERD)| 5 Gomes o CO mR aonn co 0 0 co D.GARM oC RRA ona Demian mcs 56 GmireoO ss siooue con 67 

x 2, Locality 17c, Kempsville Member. 

Hypotype: USNM 218280. 

& iNassariusi (ilyanassa)tobsoletus:(Say)| ercrrsisteren io ey aroroy evs a1 -0o ares Savors oe & Sis e10 ys aro 01 ara) 6 SL Saree oteeIo aves oso TAG oer Cee cisioe 67 

x2, Locality 17d, Norfolk Member. 

Hypotype: USNM 218279. 

OBVIATE Conse cose oO eoO sep O6 OO OCS RO ERR bop AdaUS GOO RBba ce onGnoontine ldo SGnb doodeb enol osc coonboonnae 67 

x 1.2, Locality 17c, Kempsville Member. 

Hypotype: USNM 218281. 

We Olivellarmutical\(Say) eee ee ae TO ee TST 0 ETT RIO OEE IO. SE IE oe SEPT Secreto omer 68 

x 1.5, Locality 17c, Kempsville Member. 

Hypotype: USNM 218282. 
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= Dentimargo;aureocincta\(Stearms)) 2:2. 2.532 re. -ete pots eet ai Ce ne ET Be EEE eee 68 

x6, Locality 17c, Kempsville Member. 

Hypotype: USNM 218283. 

. Prunumiroscidurm(REGfield)y F257. =o issih oo Sree es Nee IR ee AT Ue PRETO P  e IaISE =i EOCCO EC ee 68 

x 2, Locality 17d, Norfolk Member. 

Hypotype: USNM 218284. 

Granulinatovuliformis)(G,Orbigny) | 23 seca etree a I EE tea eee OO EEE or eee 68 

x 13.5, Locality 17d, Norfolk Member. 

Hypotype: USNM 218285. 

Terebra'Concava (Say) <i. (5cs.scaie, 20a apes eich e nee os RI aR HA oP NIE Ode SEL OAS EOE 69 

x2, Locality 18b, Sand Bridge Member. 

Hypotype: USNM 218286. 

Terebra:dislocata’( Say)! sccscicccge pein see Met oO en aT cota ae Sera EVERY op ke eT DE SEE EEE ELEC EEE EEe 69 

x2, Locality 18d, Norfolk Member. 

Hypotype: USNM 218287. 

= Kurtziellaicerinal (kurtz7andtsStimpson) peer cn eon een eee OEE EEOC EEE CEEOL e Lee 69 

x8, Locality 19, Sand Bridge Member. 

Hypotype: USNM 218288. 

. ‘Brachycythara\galae!dimonia Fargo cic 2.-)- 2.25 22.0 see ee OO OOO ECE 69 

x4, Locality 19, Sand Bridge Member. 

Hypotype: USNM 218289. 

, Lonchaeusjarenosa (Conrad) i525 6 «cir sss hin 3858 Re OOS ER pee OE ICI OE EE TRE OA OEIC eo 70 

x 3.5, Locality 17d, Norfolk Member. 

Hypotype: USNM 218290. 

;, Eulimastomaicf: /E. webert(NOvrison)) 2252.4 ace cs ies ster crepes = aoe Foe Io SH HOE OE oe 70 

x 10.5, Locality 22b, Norfolk Member. 

Hypotype: USNM 218291. 

~ Durbonillacinterrupta\ CU ottenyy eis she esc es oS oss se Rs Shs IS eS T Gee RSE ROSE Cre 71 

x5, Locality 17c, Kempsville Member. 

Hypotype: USNM 218292. 

 Wurbonillaireticulata) (Adams)! ys seein prises ok pv eke SO ee OEE COLE Eee eee 71 

x 11.8, Locality 20b, Norfolk Member. 

Hypotype: USNM 218293. 

OdostomiailgibbosasBush 5.2 oes yoke a ost ese: cso eek TO Ee TOOT RTCA OEE SC eee 70 

x 10.8, locality 19, Sand Bridge Member. 

Hypotype: USNM 218294. 

Odostomiatimpressa(Say)) fice etre nts ORT TOD ESE BCE EOE Ee CE EL Eee eer 71 

x 7.5, Locality 20b, Norfolk Member. 

Hypotype: USNM 218295. 

 Odostomia'seminuda: (Adams)! sacs cco sek oe os ee Eo OEE Een EEE eee ree 71 

x6, Locality 17d, Norfolk Member. 

Hypotype: USNM 218296. 

wi Odostomiaidianthophila Wells‘andeWellser- eee eee eee eee ee eee eee eee eee 70 

x 28, Locality 20b, Norfolk Member. 

Hypotype: USNM 218297. 

} (Odostomia\(Sayella))\ fusca (Adams) \i aor tis 2516 octets a ere e ove ieee Ee ree 70 

x 30, Locality 20b, Norfolk Member. 

Hypotype: USNM 218298. 

Rictaxisipunctostriatus: (Adams) pireysce eco tosis POUT Te igh 1k OC oo oe Eee EEE eae oe 72 

x25, Locality 20b, Norfolk Member. 

Hypotype: USNM 218299. 

Volvulellaaspirsosa' (Daal), 25 ipecssc eco co si caps sc eae ese aN aN oT RT EHS eRe seo EE ee elie ese 72 

x 4.2, Locality 17d, Norfolk Member. 

Hypotype: USNM 218300. 

Retusaiobtusa)(Montagit): 2 cysise ayes 5.5 os isd ete Casha eae gees roe es 8 0 1 IRR eT SU OOO TIE EEO EE 72 

32, 33. x9, Locality 20b, Norfolk Member. 

34. x12.5, apical view, Locality 20b, Norfolk Member. 

Hypotype: USNM 218301. 

Acteocinacanaliculata (Say) Pe aie cvsst sees eit OS IG REIS EO OE Ee COOOL R CEE OEE eee 72 

35, 36. x9, Locality 17d, Norfolk Member. 

37. x12.5, apical view, Locality 17d, Norfolk Member. 

Hypotype: USNM 218302. 
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Diplodonta Bronn, 1831 

punctata (Say, 1822) 

directus, 

PSY0) (20> coche sce coce ec Oc EOS TSR OCD BOSSA aa HeSde OBACS CERES eA GoSAcaC TBNOBEMecoades 

GISCOIGGIEME DIGIUM Mean Mean cence nee eae 

Discopora nitida Verrill, 1875a ............... 
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Mears) @omenxsse3 toseesins nesta ee ee Ee 9,77 

IMENTS ICI Osan Geascnnonccuan sac neeSEnb sok concer sb anerpannne=cetbot SesnEBoHoS pada 12 

PATHOL, (COTTE D ICL soscccoccoboranccosbocodocoscovuebéoocnonhSsnonanscooRbde 50 

Mediterranean: pesccecssnascsceeecesese ence cere on eee ee ee 61 

Meek (US iG) artis ese cesar oe eee a eee 52 

Megacythere 

SLEDNENSONIE 8 32 feces eects ors Ones Bee eee 

SDAByscceeteiteediv-ceseeseceeneateeee 

Melanella Bowdich, 1822 

conoidea (Kurtz and Stimpson, 1851) ............ 1 Boe. Aaron 60,B 

intermedia (Cantraine, 1835) ..............0..2.02005 12 ee 61,B 

?Melanella jamaicensis (Adams, 1845) ...............02.00.000000- 60,61 

Mellita quinquesperforata B 

Membranipora Blainvalle; V830)0.scc.c.. ccs. cece ete eee 28 

arborescens Canu and Bassler, 1928 ..............0..00eccseeeeeeee 28 

monostachys Busk, 1854 

SAVATTWAUGOUIN IS? On ere ree ere eee ee 

tenuis Desor, 1848 ..................0000000 

MembraniporellaSmittsligiiSieecccs cece rece eee 31 

mitida (Vohnstonswh838) keceeeee cecees cece eee cere eee eee 31 

cf. M. petasus Canu and Bassler, 1928 ... (oye 31,A 

INCINIMINGENIMEAGLAS ere teeta te ee sere eee ee 54 

IW OMY VO WAKEAUATUG socacscossos0opsseGaqcoooDedasccooobedaonTe0c60G0cs0080000 B 

Mercenariaibeds) marr tecec eccentric ene 12 

Mercenaria Schumacher, 1817 ...............0.:0cecceceee eee ees $1,75-77 

campechiensis (Gmelin, 1790) alt Ee 18,25, 5/,A 

mercenaria (Linné, 1758) ................00.000000 Cibess 51,77,A 

permagnal@onradyli83 Sires eccescneee coerce ecco nee 51 

rileyi (Conrad, 1838) ..................066 51 

tridacnoides (Lamarck, 1818) 51 

mercenaria, 

MA CNID DEG sia sos als ais Sa elo ae oe da aeRO Se ce Re B 

IM CrCONATI Ca Re en oe cee ee Gees 51,77,A 

VENUS? Poisson ee tees Se cee es Se EE oO ee i 

Merrill, Bullock, and Franz (1978) ................:2.c0eceseeseneeeuees 73 

MEGXIGO': AiteeresSetpereesncate rows Saec es Seoan de coan uae eae tee oes 

INA Kere (QU 3) ceosocopocuosecsaeoda00 

Michaud )((1i82:8) essere see seseetecee ee 

microcostata, Quinqueloculina 

Microcytherura 

ChOCLAWRALCHEENSISeeeee eter cre ere eee eee eee CEE B 

B 

B 

} B 

MicrosazairotellaaDall a8 Silpecsce sce sncecce reece creer eee 73 

Micropozoniundulatus mescrcrcee ecceeer eee eo eee eee 

Microporella Hincks, 1877 

Giliatal(Rallasslv/66) meee eeee nce cece eee 

orientalis Harmer, 1957 

Middle Neck 

Mighels (1842) 

OBOR, JAAR) cacsocannsesoconascopbeaconodstononas60 

minutus, Turbo 

1 C3 G50 9) 0) Urspocseneneea sce cUaosecuaccasHeceacacusue sb dococeosenécrddosoubouchin Cet e 

Mitrella Risso, 1826 .... 

lppatian (SENT, MG%D)) casccessaccosodaccoagscgoncqso00ncDeaee 

Mixon, Szabo, and Owens (1982) .................0.ceceececeeceee sees 9,11 

MOGCSLAPRISSOG IS Ss renee encore RO EEE OTe eee 56 

Modiola 

iplicatulayamarckal(8il9 peseeeeec ener eee eee re eee nen eee eeeee eee ee 41 

Semicostatal Conrad wSSimese ecco eee eee eee eee 41 

Modiolaria lateralis (Say, 1822) ..............cccccececeeeceeescneeeeeees 42 

Modiolus Lamarck, 1799 

americanus] (seach) ieeeeeente seer eee ree 

demissus|(Dillwyns U8 ili) eeeceeceeeee eee eee eee 41 

gigas/Dall i897) voxcsiee eek kee ee ee 41 
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Oc HOlpy (Est bXs IV/EX3)) coooapecodopuospsnadbobooopaodenconesongoasnocode 41 

modiolus squamosus Beauperthuy, 1967 ...................06.0005+ 41 

squamosus Beauperthuy, 1967 .................6.00 4) ex: 41,A 

Modiolus (Brachydontes) demissus (Dillwyn, 1817) ............... 41 

TROCHOIDS, IMOCHODS scoscsnonpsocconodssacnoanncpocoenossedaspbaocececuonoaood 41 

modiolus squamosus, Modiolus 41 

IM ONOSUS) hi castocsaascenaneet casceeserecocccueseecoeecesceneesacacoscerceccacccd 39 

IMO ery US42) Wess cer na sticcctsaccctcies detaooe cece cemacee seaiieene chine tees 73 

monostachys, 

JRIBZEIRG: sooasosendoodaassobsorseepacesdpsoabppaneobaes 1 acter 13,14, 28,A 

IWF ORICON peep eoocedoedod ubac EE Eo po dacdoodee ner Ccoeceebocospecseccaco 28 

Montacuta bidentata Gould, 1841 ...............0cccc ccc ec eee ece cence ee 44 

Montagu (1803) 

Montagu (1808) 

Monterosatos(iSSOylenrccosscceccnericeccbacccone cen taneeceenettee eee 42 

IMontforts(18)|O) Beeecascc ce eetessns cen e- conc eccesaceenansenieneeneeeee 63,65,66 

Monticuta elevata Stimpson, 1851 .................06ceccece eee eeee eee 44 

INA O OLE Frees eee sea nee crs cio avis tan aaa apace neman wed saeaes encore aicersresee tetas 6 

IM Royal a (O1C37/5))) San cennccsaacesdenac cos HoeeeticeorBScseecenarasrachanscdoomescced 70 

morrhuana, 

Callocardia (Agripoma) 

Cytherea 

PULTE Ree ea ee eee ete ene Sains Salsesaieacs avec 

IM Orin (WSS De nacseectacransscuaseeaccatcacce eeteces taodeecreracancceeenacen 

Morrison (1954) 

Morrison (1965) 

Morrison (1971) 

mortoni, 
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VIO FUSED ASSANUS) sae oreo OITA eons oe EO Oa SSE S eS Sons 

INTOSQUITOPROIN tyrssecre see ec ee ees acee se se ethiacenase ean cn ses avenceeecurasctts 

Mount Trashmore sh 

Mueller) (i875) iaccccccsecceae cose <cee osenatvearsnsessessesseesetentarseseeens 

Muellerina 

canadensis (Bradysl\8i/0)\pesssestsesestesceceetecesseee eee eret eee ee LE 

aff. M. lienenklausi (Ulrich and Bassler, 1904) ............... 21,B 

MaliniaiGray mus Simerenceececcccccetettee reece 13,47,74,77 

CORBA (Commenal, 13333})) cconssecnosnososoasncoacosbososdaconsnadsensegs 47 

IGEGRAES (SENG, WBA). .ccscoosossesonooscasaeodoocs Vex 15,18, 47,A 

mutltilineata, 

JEDIT CA UO eeepc cc CH COHOCERCCREDAO TERT DECREE OE ren aoc Een decd cE eee 43 

JRC MEAIGTA cosonbonessaoceducoscndecoosescoGds Rh apace 43,A 

multilineatus, Phacoides (Parvilucin@) .........0..2.0200.0000e0ec0eeeee 43 

TEISOTTETD, SPITE? coo nqncoscsocccgscancaqcadcnscocoso9n61660s0000000000000 60 

multistriatum, Epitonium ...........0..0.000005- 2 See: 18,25, 60,B 

MUM [Manchester University Museum] ......................... 28,34 

Mumford slan ditecsraceesece-cereerccemencedertchetece a oes eee 74 

Murex 

VEN DIT WAS. NSS cocenacsosaconscansnnseosecdsesbaqEscosHencneceebs 

canaliculatus Linné, 1758 

QGiET Gra link, NT BeceSensckeovccsspcoc zee osepocncoceneDbcecepeacchsedc 

2Murex subulatus Montagu, 1808 ................:eccceeeeeeceeeeeeeeees 58 

EMLULT CRs eres eae ee eae ccdee eneeeteneseeee 

Musculus Réding, 1798 

[GGTALES (GES, W8APY eacsaasosonsnscnseososacossanse00000 Ah ead 42,A 

War hataes (Clonsrevel, TEX) ccoscoonscosdcoosnocosocenscdedecdopacodsoedec60 42 

mutica, 

LO) PANG Ao a co carincd peigoc Bore SOCPBOEE CORDELE SECTOR OCTET OSE RED aon acONSeCREERDOE 68 

Olivellal(SayARlS22)ipeee-eeerenee eee eree eee 

Miyanlcin nese ly/5 8ije cea: sence sce oes se oses eee eea eee oan 

arenaria Linné, 1758 

hyalina Conrad, 1831 

Miyalinatsubovata Conrady V8 4'Seerce-ceste-ceecseccee sees eeceneeee rete 53 

MiyligbatisispM ete an eee ee ee B 
iMiysellavAngaswal Si/ileccersse peta nce nee eee een eee eee 

bidentatal(Montagual'803)imeaesneeceeaceeneecoteee sere ee eeeee ne 

planulata (Stimpson, 1851) .. 

NON RUTESLIC. cooocndoseqnSSuoscoecoecden 

Mytilus Linné, 1758 ............ 

GEMiISsUsHDill wy np liS li iecereseesceee ee eest eee eer cere reece 

CauUlismeinne Mla Sumteeec cece sees eet enetee eet 

hamatus Say, 1822 ........... 

Tateralis}Say@ S22) cersccccs osec eaten eee see aR 42 

RECURVUSURALINESQUE WIS? Oleseeateeeccecceerceestenteceeetetee meee eeeee 41 

Mytilus (Perna) conradianus d’Orbigny, 1852 ..................6.. 40 

INansemonGgi@ountysesceste sre terrence ste eeeree eee eee 74,77 

INansemondeRaveryerreseeen ce seee eee reece eee eee 74 

Nassa 

CTETTIGTISE NA UI Y22) ca seacticodcabo dodo so THO BdSpE EDS ac Bad oecaquedosncocnbecesas 67 

IDICLIOISE NP IRSA) conouacsoaddeendoe sosaebosouobecuandseedeucsanooboouncondas 64 

ObsoletalSay A822) soe scx Pca seein k ween eae ere TE 67 

LVLVILLALASAYWUS22 eeeeeereeeeee ec ereee cee 

VIDEXES AV ANS 2D eenene eeeseensecee scons 

Nassarius Dumeril, 1806 ................... 

ACUtUS|(Sayal'822) Massecesencertectrceersercsecstreete 4s es 3s 67,B 

Wiles (GENT; JUD), conaneseossoonadosonosodsonnacnnsecoseo V4)y sees 67,B 

Nassarius (Hinia) trivittatus (Say, 1822) ....... 14). gee 17, 67,B 

Nassarius (Ilyanassa) obsoletus (Say, 1822) ........ Wisk 67,B 

INassawadoxibedsietrescoston sce eatt sek. ssccroeeetines eee ae cece e epee eeet ae 9 

Natica 

GuplicatatSay W822 er ecrceecreccodacieceencccc erence eae 62 

TROD SEN, W822) eaconcagssnpooneoneadae00dese 62 

DUSILIGISAY NB 220 Faves. wae. Sono secre: ove Meas aera pee <a ose 63 

DANA TITIES OIGYAGY. caénoqdodoodonbobuaoopangodeddeodooeone sanonndouenooonn 

INatlandi(193'8) pescesrsste esses 

nelsonensis, Proteoconcha .... 

INCOCAUAILESISD ss: sae secs csecere seteoeseseee se ame ee 

Neolophocythere 

SUD QUACIALA se reece one cc nee soe dee sec ce seeneeeee ee eee eee B 

SPA ese sh ot coestiezeedeosed takes reaea ease B 

Neopanope texana sayl B 

INeptunearstoneli(Pilsbry 11892) ease sccesescesteteseenereeteee ones cece eee 65 

INetherland Sweets ee eee .... 40,49,53 

IN@vianii('8 95) cos cestaaecesew sins srcuecaiovten ce soe es ante Teeee oe eee 32 

ING WiBrunswickiyincdiccceaesiss sz snes ceaee sec ees core veneesaten sense ae eras 43 

INewAEnglan diss. b.c.,asei cases ce sence oeer cise geese oe eae aaa 26,38 

ING Wal CISCYaee meeree eee oe 23,25,38-41,44,45,48,49,51,54, 

55,59-61,63,64,66-69,72 

INew LightiPitiscccc.cc.c-uc cece sec eaeach seeses coet eee eee ee PAT) 

ING WAY Olkseeseseetesecesteeaceeeaees 32,39,47,50-52,54,56,59,66,67,72 

INewtont(18 9!) saeesstessseccs cipiee cin use seceeeos tatencoucetae senenesteseeeee U2 

INewton Road. ¢..226.c)escsen sacze oie eee 76 

nigricans, Vermetus 73 

nigrocincta, 

(GLC HH es sop Bete pnp EERE eaTO REO SCOHEE EE CooL conten cache todecnbcceccsceopnens 59 

Tir DON rere one eer Ta, Actes 59,B 

miknavesnae, (Ch) wILeptoGyINeVeCuecseaneceentet eee B 

nimbosa, 

IMACrOCALLISTGD he ter eee eect eS SA NES 26,52,A 

Venus 

nitida, 
DDISCODON GOs Biatae sie dese teens dee ea gene Seite senda te aces eee 37 

IN GFAMIETI ROFL, ccecocopaccoscconcccosdocaseopab.opeoebenoecdoaoRESonoT 31 

Parasmittina Shree: 37,38,A 

INOetia Gray e850) aaeiecaewassapans sedieesioceccceonine se sae see eons aeeee 40,77 

palmerael (MacNeil 193 8) peeeeeeeteretee reece eee eee 40 
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Noetia (Eontia) ponderosa (Say, 1822) ............... Ang. Aes. 40,A 

INO HOI INC) op idecedoceadacarnatecacararccccdoriddacoccnacctoadncricdcooncnbbadacoson A 

Nonionella 

CHITIN Qa Tense ton ter cope donerc eceerc rr arena aHeE suere a potacceracneecocovodose A 

(3 8) ceddnonorbegasdecentednecraencrcaasoddagadenacciptosortscsgscdecasnarscdaabaas A 

INIOye Role" 3a, ca ssstoonetinandsddonatadt sodden acndtiasosasoasescdondaedsacuscdaddds 23 

Norfolk County 74 

INortolkyFormationeyseeceeeecs eceee eee 9-12,17,21,25,26 

Norfolk Member ..................6..0665 6,9,10,12-17,20-24,26,74-77 

norfolkensis, Cingula .. 

Norman (1876) ..... 

Norman (1903) ..... 

INorthi@arolinalere-sereseorenen rere eee eres 

INorthamptoni@ountysrcece occa eee ee eee 

INKoy cide) 2¢:Vort Yo sea atahodsdeoasdacmanccacacneudoddoasascedceds 

INorthemsEuropelarccercerceeeecte nate nent eee eee eee eects 

INonthermNeckss i. e:si-scisecisire acceilas aceiacieere cena se auctnciseer ceeiieean eel aecees 

Northern Virginian Subprovince .................... 

novangliae (cf.), Pseudopolymorphina 

MOVELIUSPACLOON cir. stress ee oa eee ne ee EE Oe 

INTONEN SICOIIEY dos ananct woponedsaoasasauodade 39,41,42,44,45,61,63,65,71,72 

Nucula Lamarck, 1799 38,74,77 

AGULAI Conrad 832i cece eee oe eee ee 39 

annulataylampsonyslGi/Mlupenceceeeeeaeeee eee eee eee eee 39 

Giaphanarlecan S43 merece tence ee eee ee 39 

major Richards, 1944 ......................000ec eee y: VAR ee 27,38,A 

DKOXLNG Say, A820 eeeeeeee cee nreeerceee ee eee renee aes 18,38,A 

shaleri Dall, 1898 

taphria Dall, 1898 

INprepHlerAC UTS: WEXOY casascopacasoodoaassodnboscoseceqnusobaoasooaSnesobeaade 39 

acuta(Conradal832) pees aight. 18,39,A 

KOR ahi( OIC oy. 5 eaze as aeaoncadanedeosondedddouasococtonouconesetcouereucrcisn 41,64,73 

(OPES (UGXo}5)) I aaa ae ree a adacaeccorereectccocassaticrenanpadl hRoasesacacterneddde 5,25 

Oaks and Coch (1963) 

Oaks and Coch (1968) 

Oaks and Coch (1973) 

@aksjand’DuBar (97/4) ernccreeccrecceecea ese eecteenceteeeeeenee 5,8 

(Ov S3 CIB (ISA) ononccsancensosansbonbosestodonasboooseéboasobnatadndeseno 25 

Obeliscus crenulatus Holmes, 1860 .............0.0..0200c0c0eceeeeeeees 70 

obesa, 

TEVAGTE ART aan cndnaaape tocce aces nneaboncpae enone anbcoscORaaceaoe te ee esas 64,B 

"Ainachis\((Costoanachis)e-ecreeereeeaeeeee ee eee 64 

DV ONO H sce tI SSIES CRIS ROTORS a TESTE 49 

OUD, JEVICCHPLITE draccnnnodscosbooappsbabonacoscoqnosboaabceogsoubedccn0s090 64 

obliquestriatus, CYCIOStreMISCUS .........00.00cc0ccvecvecveceeseecceeeeees 73 

obsoleta, 

MLV ANAS) Mis see ser Ref a ale ooo cise eo Some SHER eS 67 

INTER KY 2 Re creanncncee nore eace ca iat on aGeneee anor ccnTisceecnccr tececeanececeecoras 67 

obsoletus, Nassarius (Ilyana@Ss@) .........00.00.0000000 V4) 25.8 67,B 

obtusa, 

TCHYL LAB occas SEB MAREE ISDH RE BEC eCO DEC He SCOL ESR aE ECAR ROMA cea Banc anconties 

Retusa ..... 

occidentale, Caecum 

@ccohannocki bed Siicseca snes owes ceca coe eae Teen ae 

OceanayRid gel asisgaeesacca same: orarchaet cae teem ep eemesaecus cen sene saecneneeee 

ocellatus, Ovalipes & 

OCTACOKE Bee CO LETS RCo ACERS roe eee 

OCYDOGEISD esses eee eee EEE TE ee eee B 

Odobenusirosmanusp era eee eee .. B 

Odontostomia seminuda (Adams, 1839) 71 

Odontostomia (Syrnola) fusca (Adams, 1839) ooo AQ) 

Odostomiathieming- wUSls ieee eee eee 70 

dianthophila Wells and Wells, 1961 ............... 15) aks 70,B 

GINGA TEN, NSOS) scocaccossonngsdono5noqqc0.s0eps05008 IS oss saece 70,B 

LIN DLESSAN(SAY PLUS 22) eeemereaeeeecene ee eeeet eee T5gret ss 71,73,B 

seminuda (Adams, 1839) ...........0..0..00c00c00eeee Sie 71,B 

Odostomia (Chrysallida) 

dianthophila Wells and Wells, 1961 ................00.00.00c00eeeee 70 

seminudal (Adams (839) teaeeecccessesercee ee eee 71 

Odostomia (Menestho) impressa (Say, 1822) ...............00.00000 71 

Odostomia (Sayella) fusca (Adams, 1839) ......... 15) ee 70,B 

0) Waa {OUCH TS) hearers pasa aaceceneneeabecacterooceaecaenbaaentaecansabegcnsdaco 46 

Old Dominion University) --c.cce-ccsceseoce saeee sense nese ee ese skeecees 6 

Old Dominion University Research Foundation ....................- 6 

@ldeMillMRoad Pease es ecco secs eee ee eee ee 75,77 

OlivaiBruguicre pores ree ae re eee ee 67 

CanaliculataWweamlS4Seenensee seer coe ee ree eee eee 68 

litterataamarck-sl822 eres nace eee eee 67 

PNULICA: Saye 822 reer. seers ee eee ee 68 

sayana Ravenel, 1834 ................ccccecee eee 14052 67,68,B 
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Olsson and Harbison (1953) ................ 40,46,58,60-62,65,69,72 
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OmanjRormatlon eres ccecs soccer eee eee ee eee eee 9 

ODSANUSISP') sabe Re ois oe set eo eee eee ee RR ECR eRe B 

MOrbigny, (M842) Pee eases eae 68,72 

d’Orbigny (1845) ... 40,42,43,45 
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Ostrea 
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POLLUSCA: GASTROPODA 
Acteoc ina canal iculata 
Joachis avara 
Mnachis lafresnay! 
Irach's cbesa 
Atractodon stone 
Bracyheythara galee dimon {a 
Buccinum undatum undatum 
Busycon canal fculatum 
Busycon carica 
Busyoon carica el icemns 
Busycon contrariun 
(Caecum cooper { 
Gaecum jomsoni 
Cantharus cancellarius 
Grr ithiops{s enersoni 
Gerithiopsis green 
Cingula norfolkens{s 
Cireulus liratus 
Colus pygmaeus 
Crepidula convexa 
Crepidula fornicata 
Crepidula plana 
Grcibulum striatum 
Qyclostramiscus jeannae 
Dent margp aureccincta 
Diastons alternatun 
Epiton{um angulatun 
Epitontun champfont 
Epitoniun humphreys {i 
Epitoniun multistriatum 
Epitonium rupicolun 
Ev) inastona cf. E. weber! 
Eupleura caudata 
Granul tna owl iformis 
Hydrobia. totteni 
yurtziella cerina 
Littorina irrorata 
Longcheeus anenosa 
Lunatia heros 
Lunatia triseriata 
Melanel la conpidea 
Nelanella intermedia 
Mitrells Iunata 
Nassarius acutus 
Nossarfus (Ilyenassa) cbsoletus 
Nossarius (Hinia) trivittatus 
Nassar ius vibex 
Odostania (Sayella) fusca 
Odostania dianthophila 
Odostania gibbosa 
Odostomja impressa 
Odostonia saninuda 
Oliva sayana 
Olivella mutica 
Polinices dup! fcatus 
Prunun roscidun 
Retusa obtusa 
Rictaxis punctostriatus 
Seila adarsii 
Sinum perspectivun 
‘Skenea sp. 
Solariorbis infracarinata 
Solariorbis cf. S. blaket 
Tectonatica pusilla 
Teinostona cryptospira 
Jerebra concava 
Terebra dislocata 
Thais haenastana floridana 
Triphora nigrocincta 
Turboni}a interrupta 
Turton’ }1a puncta 
Turbonilla reticulata 
Urosalpinx cinerea 
Vitrinella floridana 
Volwilella aspinosa 

ARTHROPODA: HACRO-CRUSTACEA 
Anphipod species 
Arenaeus cribrarius: 
Balanus eburneus 
Balanus inproy isus 
Callianassa atlantica 
Call inectes sapidus 
Cancer irroratus 
(Coronis ruber 
Honarus aner icanus 
Libinia dubia 

Libinia enarginata 
Hen ippe mercenaria 
Neopsnope texana sayt 
Ocypade sp, 
Oval ipes ocellatus 
Pagurus pol itus 
Panopeus herbstii 

Persephona sp. 
Squilla ena 

ARTHROPODA: OSTRACOOA 
Actinocythereis daxsoni 
Actinocytheneis aff. A. gani!ionensis 
furilia floridana 
Bensonocythere anericana 
Bensonocythere arenicala 
Bensonocythere sapeloensis 
Bensorocythere cf. B. sapeloensis 
Bensonocythere white 
Bensonocythere sp. A 

Bensonecythere sp. B 
Bensonocythere sp. 0 
Bensonocythere sp. E 
Bensonocythere sp. 6 
Ganplocythere Taeva 
Cushman idea magniporosa 
Qishnanidea seminuda 
Cushmanidea sp. 8 
Qushmanidea sp. C 
Cyprideis sp. 
Cyther idea sp. 
Cytheronorpha warner newportensis 
Cytheramartha sp. A. 
Cytheroptercn pyranidale 
Cytherura forulata 
Cytherura howe 
Cytherura pseudostriata 
Cytherura reticulata 
Cytherura wardensis 
Cytherura sp. A 
Cytherura sp. B 
Cytherura sp. 0 
Cytherura sp. E 
Eucythere decl ivis 
Eucythere qibba 
Finmarchinella finmarchica 
Haplocyther idea bradyi 
Naplocyther idea setipunctata 
Henicythere villosa 
Hul ingsina americana 
Hul ingsina glabra 
Hul ingsina rugipustulosa 
Hulingsina sp. A 
Hul ingsina sp. B 
Mul ingsina sp. C 
Hul ingsina sp. 0 
Leptocythere angusta 
Leptocythere cf. L. nikraveshae 
Leptocythere sp. A 
Loxcconcha aff. L. granulata 
Loxoconcha matagordensis 
Loxoconcha sperata 
Yegacythere stephensoni 
Megacythere sp. B 
Nicrocytherura chactawhatcheensis 
Hicrocytherura sp. A 
Microcytherura sp. B 
Microcytherura sp. C 
Muellerina canadensis 
Mueller ina aff. M. Tienenklaus 
Neocaudites sp. 
Neolophocythere subquadrata 
Neologhocythere sp. A 
Paracyther idea altila 
Paracyther idea sp, A 
Paradoxostana del icata 
Paradcxostana sp, B 
Paradoxostona sp. C 
Paradoxostana sp. F 
Pel luctstoma magn iventra 
Propontocypris edwards 
Protecconcha gigantica 
Proteocancha nel sonens 
Proteoconcha tuberculata 
Protocytheretta aff. P. samti 
Pseurlacytheretta edwards {1 
Purana floridana 
Purana rug ipunctata 
mia” sp. A 

“Samia” sp. B 
Sclerachilus sp. C 
Sclerochilus sp. 0 

EDIINOOERHATA 
Wbscia punctualta 
Echinarachinus parma 
Hel ita quinquesperforata 
VERTEBRATA: —PISCES 
Astroscops sp. 
Brevoort ia sp. 
Carcharias sp. 
Carchar ‘nus sp, 
Cynoscton sp, 
Oasyatis sp. 
Gadus sp. 
Loghius sp. 
Lutians sp. 
Hicropogan undulatus 
My) iobatis sp, 
Opsanus sp. 

Papontas sp. 
Prionotus sp, 
Raja sp. 
Sclaenops sp. 
Sphyraena sp. 

VERTEBRATA: AVES, 
Branta benicla 
Larus hyperboreus 
Horus bassanus 
Phalacrocoras aur {tus 
Pinquinus ‘npennis 
Pad iceps aur itus 
Unto aalge 
VERTEBRATA: MAMMALIA, 

Na) ichoerus 
Hastodon ner {conus 
Mysticete rib 
Odobenus rognarus 
porpoise tooth 
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PREPARATION OF MANUSCRIPTS 

Bulletins of American Paleontology usually comprises two or more sep- 

arate monographs in two volumes each year. This series is a publication outlet 

for significant longer paleontological monographs for which high quality photo- 

graphic illustrations and the large quarto format are a requisite. 

Manuscripts submitted for publication in this monograph series must be 

typewritten, and double-spaced throughout (including direct quotations and ref- 

erences). All manuscripts should contain a table of contents, lists of text-figures 

and (or) tables, and a short, informative abstract that includes names of all new 

taxa. Format should follow that of recent numbers in the series. All measurements 

must be stated in the metric system, alone or in addition to the English system 

equivalent. The maximum dimensions for photographic plates are 178 mm xX 

229 mm (7” x 9”: outlined on this page). Single-page text-figures should be drafted 

for reproduction as single column (82 mm; 3'4”) or full page (178 mm; 7”) width, 

but arrangements can be made to publish text-figures that must be larger. Any 

lettering in illustrations should follow the recommendations of Collinson (1962). 

Authors must provide three (3) copies of the text and accompanying illus- 

trative material. The text and line-drawings may be reproduced xerographically, 

but glossy prints at publication scale must be supplied for all half-tone illustrations 

and photographic plates. These prints should be identified clearly on the back. 

All dated text-citations must be referenced. Additional references may be 

listed separately if their importance can be demonstrated by a short general com- 

ment, or individual annotations. Referenced publication titles must be spelled 

out in their entirety. Citations of illustrations within the monograph bear initial 

capitals (e.g., Plate, Text-figure), but citations of illustrations in other articles 

appear in lower-case letters (e.g., plate, text-figure). 

Original plate photomounts should have oversize cardboard backing and 

strong tracing paper overlays. These photomounts should be retained by the author 

until the manuscript has been formally accepted for publication. Explanations of 

text-figures should be interleaved on separate numbered pages within the text, 

and the approximate position of the text-figure in the text should be indicated. 

Explanations of plates follow the Bibliography. 

Authors are requested to enclose $10 with each manuscript submitted, to 

cover costs of postage during the review process. 

Collinson, J. 

1962. Size of lettering for text-figures. Journal of Paleontology, vol. 36, 

p. 1402. 



Gilbert Dennison Harris 

(1864 - 1952) ' 

Founder of the Bulletins of American Paleontology (1 895) 
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