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PALEOECOLOGY OF THE CHOPTANK 

FORMATION (MIOCENE) OF MARYLAND 

AND VIRGINIA 

by 

Robert E. GernanV 

ABSTRACT 

A rarely used interdisciplinary approach is employed to reconstruct the depositional history and 
ecology of the Choptank Formation and its fossil organ isms. Analysis of microfaunal and macrofaunal 
assemblages is supplemented by study of biogenic and inorganic sedimentary structures, sedimentary 
textures, and stratigraphic relationships. 

The fossils and sediments of the Middle Miocene Choptank Formation accumulated primarily in 
inner shelf marine environments. In addition, faunal evidence indicates that this unit originated in the 
central and southern regions of a cool temperate marine climate. 

One of the more important results of this investigation is the hypothesis that the major Choptank 
shell beds were formed by passing marine swells possibly related to tropical storms. The effect on the 
substrate was the establishment of a pressure gradient causing flow into the bottom deposits and flow 
out accompanied by effusion of the sed iments. This lifting action and vertical sorting created zones of 
traction and accumulation providing a mechanism sufficient to explain the significant characteristics of 
the Choptank shell beds. In fact, this process of shell accumulation may be much more important in 
modern and ancient seas than indicated by the li ttle attention given to it. 

The lowest unit of the formation, the Calvert Beach Member, was deposited in the coldest water 
of any unit in the Choptank. Its environments were slightly inimical to many types of bottom communities 
as evidenced by the bivalve dominance of the Lucinacea. The Drumcliff Member represents a shallowing 
of environments on the inner shelf and possibly slight warming. During the deposition of this unit marine 
swells passed through t he area concentrating shells into great beds. 

Maximum shallowing occurred during the St. Leonard Member. Marginal marine environments 
dominated this unit in outcrop. The best delineated of these was the lower bay environment, which 
occurred in the area of the modern Calvert Cliffs. The slight warming trend continued into the Boston 
Cliffs Member, but the shallowing trend of the lowest three members was reversed. This member repre­
sents a return to open inner shelf environments, where the bottom was again swept by marine swells 
concentrating great volumes of shells. 

Sediments of the Conoy Member were deposited in distinctly deeper water but still probably 
shallower than 50 meters. The warming trend continued, placing deposition in the southern end of the 
cool temperature region. The St. Marys Formation generally continues the deepening trend started in the 
Boston Cliffs Member. 

Previously, five subdivisions of the Choptank Fm. were numbered and given biostratigraphic desig­
nations. However, they are here considered rock-stratigraphic units and given the following names : 
Calvert Beach Member, Drumcliff Member, St. Leonard Member, Boston Cliffs Member, and Conoy 
Member. The "unconformity" with the underlying Calvert Formation, as described by Shattuck (1904), 
may exist but is visually much less impressive than he suggested. Although he considered the Choptank 
conformable with the overlying St. Marys, the present ev idence indicates that the contact between the 
two formations is an erosional-depositional unconformity. To supplement the unrepresentative type 
section, a principal reference section is designated in the Calvert Cliffs, 0.9 mile southeast of Western 
Shores, Maryland and 1.0 mile northwest of Calvert Beach, Maryland . 

I Present address University of Wisconsin (Milwaukee) 
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INTRODUCTION 

With the publication of the monumental Miocene 
Volume in 1904 by the Maryland Geological Sur­
vey, the fossils and stratigraphy of the Chesapeake 
Group became well known. This thorough system­
atic investigation of the Maryland Miocene pre­
pared the foundation for paleoecological and 
paleoenvironmental studies. Unfortunately over 
60 years have passed and still very little is known 
of these aspects. 

Many characteristics of the Choptank Forma­
tion of Maryland and Virginia favor paleoecologi­
cal studies: the famous Calvert Cliffs of the 
Western Shore of Maryland present a nearly 
continuous dip section, nearly 15 miles long, allow­
ing excellent lateral correlation of units; the fauna 
is well preserved; the fossils are easily extracted 
from the unconsolidated sediment; the compara­
tively small stratigraphic thickness of the Chop­
tank provides the opportunity for a bed-by-bed 
analysis and study of individual horizons; the 

taxonomy of the macrofauna and the Foramini­
fera has been well studied; and several species of 
this Miocene fauna are thought to be extant, so 
their ecology may be directly inferred from the 
living forms. 

Fossils from two prolific shell beds of the Chop­
tank have been extensively sought for private I'tnd 
public collections. Yet attempts to explain the 
abnormal quantity of shells have used only specu­
lative intuition. This study offers new insight into 
their nature and origin. 

The purpose of this investigation is to enlarge 
the understanding of the paleoecology and se­
quence of geological events recorded within the 
Choptank Formation. Firm basis for conclusions 
is provided by a rarely used interdisciplinary 
approach combining analysis of microfaunal and 
macrofaunal assemblages with study of biogenic 
·and inorganic sedimentary structures, sedimen­
tary textures, and stratigraphic relationships. 
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REGIONAL GEOLOGICAL SETTING 

Around 15 to 20 million years ago the sediments 
of the Choptank Formation were deposited in the 
Atlantic Coastal Plain, but the regional geological 
setting was beginning to take form a few hundred 
million years prior to that. Structural lineaments, 
regional negative areas, local basins, sediment 
supply areas, river tributary systems, the strike of 
the Choptank, and other characteristics of the 
formation were probably established by the late 
Paleozoic Appalachian orogeny and possibly by 
early Paleozoic orogenies. Deeply buried Precam­
brian and Paleozoic crystalline rocks of the Pied­
mont underlie the wedges of Mesozoic and Ceno­
zoic sediments. The boundary separating the 
Piedmont from the Coastal Plain is marked by the 
fall line (p 1. 1) which passes through Philadel­
phia, Baltimore, Washington, Fredericksburg, and 
Richmond. The Choptank outcrops in a belt from 
about 30 to 50 miles east of the Piedmont, which 
undoubtedly supplied most of the terrigenous 
detritus to the formation. 

Geophysical work and well sections have re­
vealed a deep basin in the basement rocks, its axis 
trending approximately through Berlin, Salisbury, 
and Cambridge, Maryland, and almost to Wash­
ington, D. C. Richards (1948) named this struc­
ture the Salisbury Embayment. The deepest 
known part of the basin is at Ocean City, 
Maryland, where the Coastal Plain sediments are 
7710+ feet thick. Maher (1965, p. 6) said, "this 
embayment is fairly prominent in the basement 
rocks, but loses form in the younger beds, suggest­
ing that it is a pre-Cretaceous feature filled by 
Cretaceous sedimentation." My field investigations 
indicate that this basin was indeed a locus of 
increased Tertiary deposition, particularly Mio­
cene. The thickest surface and subsurface sections 
of the Choptank occur over the axis of the Salis-

bury Embayment and thin away from the axis. 
The other formations of the Chesapeake Group 
have similar distributions. The Maryland Miocene 
sediments would seem to indicate that the basin 
was mobile and affected deposition at least for that 
part of the Tertiary. 

The Appalachian Mountains went through epi­
sodes of uplift and dissection during the Tertiary. 
River systems, such as the ancient Susquehanna, 
Patuxent, Potomac, Rappahannock, York, and 
James, must have carried tremendous volumes of 
terrigenous detritus to the Middle Atlantic Coastal 
Plain . Another major regional influence on both 
the sediments and the biota was the configuration 
of ocean and longshore currents. The results of 
this study indicate that the animals and sediments 
of the Chesapeake Group were found in a tem­
perate marine climate. This climate results from 
a very delicate balance of factors primarily relat­
ing to cold water currents flowing from the north 
and warm water currents flowing from the south. 
Longshore currents are sculpturing numerous 
barrier islands along the present Atlantic Coast 
and may well have done the same during the 
Miocene; there certainly would have been enough 
sand available. 

Within this complex framework the sediments 
of the Maryland Miocene were deposited. The in­
terplay of geological parameters produced units 
unique enough to receive different names. The 
major subdivisions have been called, from oldest 
to youngest, the Calvert, Choptank, and St. Marys 
Formations. These, in turn, were subdivided into 
"zones" and given numbers by Shattuck (1904) 
with "zone 16" through"zone 20" representing the 
Choptank. In the Chesapeake Group of Virginia 
the Yorktown Formation lies above the other 
three. 

HISTORY OF PREVIOUS INVESTIGATIONS 

Investigations of the Maryland Miocene prior 
to 1904 were summarized by Shattuck (1904, pp. 
xxxiii-lxiv.) The only paleoecological conclusions 
offered before 1904 were those of Lardner 
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Vanuxem (1828, p. 67). In discussion of the 
Maryland Miocene, he said, 

"This region is characterized by littoral shells, 
analogous to those of the Tertiary deposits of 



the Paris and English Basins: unlike the Sec­
ondary, this formation contains a vast number 
of genera, of which few or none are extinct; 
indeed very many of the species differ but little 
from the littoral shells now existing on various 
parts of the American coast." 

Those statements mark Vanuxem as the senior 
paleoecologist of the Chesapeake Group. 

Dall, (1904, p. cxliii) , thought the molluscan 
fauna of the Chesapeake Group "derived from 
cool-temperate seas." He added (p. cxlv) , 

"In all cases and throughout its extent the fauna 
has the characteristics of a shallow-water as­
sembly, without any marked littoral elements, 
but which might well have existed in the im­
mediate vicinity of low, nearly level, muddy or 
sandy shores, and have extended off-shore to a 
distance more or less indefinite, but which did 
not include any area '<'lbject to the influences of 
an open and unsheltered ocean." 

Either misprints were introduced or he presented 
contradictory statements, since on page cxlix he 
introduced evidence to suggest that the molluscan 
fauna was of warm temperate origin. On the 
same page he said, "Between the several horizons 
of the Maryland Chesapeake there is but very 
slight indication of any temperature difference; so 
far as there is any, it points toward a progressive 
but slight cooling of the water from the Calvert to 
the St. Marys ... " 

Schoonover (1941a) reported a nest of echi­
noids near the Calvert-Choptank unconformity. 
She was not certain as to which formation con­
tained the fossils, but from her stratigraphic 
description they must have been in the Calvert. As 

a result this occurrence is potentially very impor­
tant paleoecologically for the Calvert only. In the 
same year (Schoonover, 1941b) she presented a 
very careful biostratigraphic investigation, which 
contained some paleoecological statements about 
individual bivalve species, particularly regarding 
their morphologic variations in time and space. 

Malkin (1953) worked on the Maryland Mio­
cene ostracodes and concluded that the Miocene 
sediments of New Jersey, Maryland, and Virginia 
were deposited in 10 to 150 meters of open ocean 
water "of average salinity (35 0/00) and average 
calcium carbonate content." She felt the Miocene 
assemblages were "similar to the Atlantic south of 
Cape Hatteras, and to the Caribbean Sea" (Malkin 
1953, p. 772). 

Study of both autecology and synecology of the 
Chesapeake Group molluscs, particularly the bi­
valves, led Mongin (1959) to conclude that the 
fauna was more warm temperate or tropical than 
cold temperate and that the prolific shell beds of 
the Choptank represented transgressive beach 
accumulations. 

Gibflon (1962) made the most intensive pale­
oecological investigation to date. He concluded 
that the Choptank was deposited in very shallow, 
cool to moderately warm waters with a general 
warming trend throughout the Miocene. The 
foraminiferal evidence fluggeflted that "zone 17" 
(of Shattuck, 1904) was the shallowest of the 
Choptank units. 

In 1966 Gibson was more precise with his paleo­
temperature determinationfl by claiming the Cal­
vert Foraminifera were cool temperate, while 
thofle of the Choptank, St. Marys, and lower York­
town were fllightly warmer. The upper Yorktown 
was thought to be warm temperate. 

PROCEDURES IN FIELD AND LABORATORY 

Because outcrops of the Choptank are typically 
unconsolidated and fresh, a result of nearly con­
tinual mass wasting, study and procurement of 
samples are relatively easy. Each bed or unit that 
was visually distinct from units above and below 
in faunal or lithologic content was measured, de­
scribed, and sampled in nearly 80 sections. Most 
all units were less than two or three feet thick and 
many were less than one foot. For each of the 
thinner units only one sample was taken, but for 
un its over two feet thick multiple samples were 
taken. Not all samples collected were analyzed in 
the laboratory, however. 
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Sediment colors were compared in fresh expo­
sures to the Geological Society of America Rock­
Color Chart. Sediment sizes were determined in 
the field with the aid of a ten-power hand lens and 
a pocket guide to grain size. All macrofossils were 
identified in the field and their relative abundances 
were determined according to a scale of logarith­
mic progression with the following classes: rare 
(approximately 1 to 3 specimens per square 
meter), few (approximately 3 to 6 specimens), 
numerous (approximately 6 to 15 specimens), 
common (approximately 15 to 30 specimens), very 
common (approximately 30 to 60 specimens), 



abundant (approximately 60 to 150 specimens), 
and flood (more than approximately 150 speci­
mens). Other distributional and orientation char­
acteristics including size of specimens, measured 
to the nearest hundredth of a centimeter, and 
orientation and inclination measurements were 
determined from particular beds in the field. 

Samples for microfauna analysis were dried 
at room temperature and warmed in a solution of 
sodium bicarbonate. After washing, Ostracoda and 
Foraminifera were separated from the residue 
using a variation of the soap flotation method 
suggested by Howe (1941, p. 691). Previously, 
this technique had been used only to concentrate 
ostracodes, but it was found completely satisfac­
tory for Choptank foraminifers as well. Micro­
scopic examination of washed residues indicated 
that the procedure worked equally well with the 
two kinds of microfossils . 

A sample splitter was used to reduce accurately 
excessively hU'ge microfaunal assemblages to 300-
500 specimens of ostracodes and of foraminifers . 
Phleger (1960, pp. 33-35) presented data leading 
to the conclusion, "that little if anything is to be 
gained by counting samples much larger than 
approximately 300 specimens and that the illusion 
of accuracy tends to be misleading". 

Counting Foraminifera is relatively straight­
forward, but making a meaningful count of Ostra-

coda is no easy matter. In order to grow, ostra­
codes molt their former valves and secrete new 
ones. Thus one living individual could be repre­
sented by as many as eighteen isolated fossil 
valves in one sample. However, these molts are 
often difficult to correlate with the proper adults, 
and indeed many juvenile fossil valves have been 
described as separate species. Ulrich and Bassler 
(1904) committed this error in the case of the 
Maryland Miocene. The strong sexual dimorphism 
in some species introduces problems of assigning 
the proper forms to the same species in addition to 
knowing whether to count males and females 
separately or together. A precedent can be found 
for practically any method of counting ostracodes. 
Considering the widespread lack of agreement, I 
devised what seemed the most meaningful system 
to me. Separate counts were made for right and 
left valves of juvenile carapaces where they could 
be cOl'l'elated with adults, of male carapaces, and 
of female car apaces where sexual dimorphs could 
be rcogn ized . The supposed number of individuals 
was computed by adding the greater of either left 
or right male valves, left or right female valves, 
and left or right juvenile valves. Statistical studies 
of living populations and their relationship to 
fossil populations could greatly improve the ac­
curacy of counting fossil assemblages. 

FOSSIL CLASSIFICATIONS 

Identifications of the Choptank Foraminifera 
followed Gibson (1962) quite closely. The Ostra­
coda were more of a problem. The first work "vas 
that of Ulrich and Bassler (1904) , which was 
extremely important since it described many of 
the Miocene to modern ostracodes of the north­
western Atlantic area. Unfortunately, several 
taxonomic problems result from their species and 
the way subsequent workers have used their 
species. All of the Ulrich and Bassler type speci­
mens at the U.S. National Museum were compared 
with specimens of the present study. The only 
other worker who has published on Choptank os­
tracodes is Malkin (1953). Although she co rrected 
several existing taxonomic problems, she also per-
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petuated a few and created others. A significant 
study by Edwards (1944) on the Ostracoda of the 
Duplin Marl of North Carolina recognized many 
species currently found in Miocene through Holo­
cene sediments. Swain (1951) described species 
from the Miocene of North Carolina, some of 
which occur as well in the Choptank Edwards' 
and Swain's types were studied at the U.S. Na­
tional Museum. Generic classification largely fol ­
lows that of van Morkhoven (1963) and Hazel 
(1967) . 

The classification of molluscs follows the specific 
determinations of Martin and Glenn (1904) and 
Schoonover (1941 b). Since the former report only 
a very few subspecies have been added. 



STRATIGRAPHY 

The Choptank F ormation is part of the Middle 
a nd Late Miocene sediments in Maryland and Vir­
ginia which Darton (1891) called the Chesapeake 
Group . In Maryland this sequence consists of the 
Calvert, Choptank, and St. Marys Formations, in 
ascending order. The Yorktown Formation over­
lies these three in Virginia. 

The Choptank was named in 1902 by G. B. 
Shattuck for its exposure in the western bank of 
the Choptank River on the Eastern Shore of 
Maryland. It is better known from its exposures 
in the Calvert Cliffs along the Western Shore of 
the Chesapeake Bay and its stratigraphic relation­
ships are much more easily studied in these expo­
sures and t hose along the Patuxent and Potomac 
Rivers. 

CORRELATION 

The present consensus among st ratigraphers is 
that the age of the Choptank is Middle Miocene, 
correlating with the Helvetian of Europe. To date, 
correlation with other exposed units in the At­
lanti c Coastal P lain remains doubtful , or at best 
uncertain. 

The only outcropping formation that seems to 
have any possibility of equ ivalency with the Chop­
tank is the Kirkwood of New J ersey. Based on the 
foss il molIuscs, however, Shattuck (1904), p . 
cxxiv-cxxxvii ) and Richards and Harbison (1942, 
p. 170) fe lt that the Kirkwood correlated best with 
the Calvert F ormation. Malkin (1953, p. 771) re­
lated the Kirkwood to the Calvert using Ostracoda 
as evidence. H er data were inconclusive, however, 
since all of the species she listed as confined to the 
Calvert and Kirkwood have been found in the 
present study in the Choptank as well. 

GEOGRAPH IC DISTRIBUTION 

Exposures of the Choptank Formation are 
found in Caroline, Talbot, and Dorchester Coun­
ties on the Eastern Shore of Maryland, Calvert 
and St. Marys Counties on t he Western Shore of 
Maryland, and Westmoreland County in north­
eastern Virginia (pI. 1) . On the Eastern Shore the 
unconsolidated, non-resistant beds are obscured 
by Pleistocene deposits, and their distribution 
and character are very imperfectly known. Nearly 
alI of the known outcrops are in the banks of the 
Chop tank River, but even there they are sparse 
and widely separated. 
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The Choptank Formation is best known from its 
exposures a long the Western Shore of the Chesa­
peake Bay from Parker Creek in the north to just 
north of Cove Point in the south (pI. 1). This 
nearly continuous line of outcrops makes up part 
of the Calvert Cliffs. Many exceIlent exposures 
may a lso be fo und along the Patuxent River and 
its tributaries in Calvert and St. Marys Counties. 
A few, small, good sections occur in the bluffs 
facing Breton Bay adj acent to the Potomac River 
in St. Marys County. The Nomini, Stratford, and 
Horsehead Cliffs of Westmoreland County, Vir­
ginia, form a nearly continuous section for about 6 
miles along the Potomac River. Inland outcrops 
are very rare. The major rivers of the Western 
Shore of Maryland and Virginia are approxi­
mately perpendicular to the regional strike of the 
formation, exposing a few major dip sections for 
study. Unfortunately, some facies changes be­
tween dip sections are not easy to understand. 
However, the lateral control of the Choptank For­
mation is better than for most formations in this 
region. 

GENERAL STRATIGRAPHIC RELATIONSHIPS 

In the area of surface exposure the formational 
strike is approximately northeast-southwest. The 
dip is approximately 10 feet per mile to the south­
east. Hence, the Choptank crops out on the hilltops 
to the north and gradually occupies lower levels 
until it dips under beach or sea level to the south. 

The outcrop thins from approximately 75 feet 
thick along the Calvert Cliffs to approximately 55 
feet in the Nomini Cliffs of Virginia and t o 29 feet 
in the Horsehead Cliffs of Virginia. Pronounced 
thickening occurs in the subsurface. Several exam­
ples have been reported of the Chesapeake Group 
increasing in thickness down dip. Anderson (1948, 
p. 19) reported that in the Ohio Oil Company's 
Larry G. Hammond Well No. 1 near Salisbury, 
Marylan d "the thickness of Choptank is 125 feet 
and it extends from 515 feet to 640 feet." Shattuck 
(1904, p. lxxx ) reported that the Choptank For­
mation was 175 feet thick in a well drilled at Cris­
fi eld , Maryland. McLean (1956, 1966) r eported a 
thickness of 20 feet for the Choptank in the Camp 
Manufacturing Company Well 4 at Franklin , 
Virginia. It is difficult to understand from the 
remainder of hi s information how thick the Chop­
tank is in the other test borings. His drawn sec­
tions of test wells on the Norfolk, Virginia, side of 



the Chesapeake Bay Bl'idge and Tunnel seem to 
indicate that he interprets the Choptank thickness 
to average about 30 feet. If I interpret McLean's 
data correctly, it illustrates the fundamental sig­
nificance of the Salisbury Embayment on the 
development of the Choptank deposition. Thick­
est accumulation occurs near the center of this 
structure, and thinner sequences occur on the 
flanks of the embayment. At this time lateral 
boundaries of the formation have not been located. 

The Choptank formational boundaries have 
been significant stratigraphic problems. In con­
sidering the lower contact, Shattuck (1904, p . 
l:t::rx ) said, 

"the Choptank Formation lies unconformably 
on the Calvert Formation. This unconformity is 
in the nature of an over-lap but is not easily 
discernible even where the contact is visible. 
The best place to observe the unconformity is in 
that portion of the Calvert Cliffs just below the 
mouth of Parker Creek. Even here, the uncon­
formity cannot be seen while standing on the 
beach but may be observed from a boat a short 
distance from the shore." 

Subsequent investigators have had difficulty in 
recognizing the unconformity. Unfortunately, the 
character of the sediments and fossils on both 
sides of the formation boundary is very similar, 
and Shattuck did not clearly differentiate the units 
on either side of the formational boundary. Ac­
cording to his described sections, Shattuck (1904, 
pp . lxx:rix-xc) measured 9, 5, and 4 feet of his 
"zone 15" of the Calvert at lj~ mile south of 
Parker Creek, 1 mile south of Parker Creek, and 
Governor Run respectively. In his "zone 16" of the 
Choptank he measured 0, 10, and 13 feet, respec­
tively, at the same localities . The absence of "zone 
16" at Parker Creek and the thickening toward 
Governor Run should constitute the visual evi­
dence of an overlapping unconformity. 

Even though I visited this area several times, I 
fai led to find an overlapping unconformity. One 
feature of the outcrop, however, might be confused 
with an unconformity. Figure 1 shows what ap­
pears to be a prominent stratigraphic break in 
the "zone 15"- "zone 16" interval south of Parker 
Creek. Upon examination of the outcrop, it is clear 
that this feature is not a depositional break. The 
only change across this boundary is a color change 
which probably resulted from leaching above. 
Very close study reveals no bedding plane or tex­
tural change at this horizon. In fact, the color 
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change cuts through sedimentary structures and 
fossils. Moreover if this peculiarity is traced far 
enough to the south, it is seen to cut all the way 
down to "zone 14". 

Since Shattuck's conception of the formational 
contact at Parker Creek is controversial, I studied 
the sections of this interval in the Governor 
Run-Kenwood Beach area and to the north. In 
this area there is a slight change in fossil quantity 
where Shattuck placed the boundary (fig. 2, 3). 
This break can be traced as far south as Calvert 
Beach and as far north as Parker Creek (see local­
ity 67-65 in Appendix I). If this stratigraphic 
break is accepted as the formational boundary, 
"zone 15" is 3 feet 6 inches thick and "zone 16" is 
15 feet 3 inches thick at Kenwood Beach; and 
"zone 15" is 3 feet 9 inches thick and "zone 16" 
is 13 feet thick in the first cliffs south of Parker 
Creek. Since the units above and below the contact 
maintain uniform thickness, the evidence hardly 
indicates an impressive overlapping unconform­
ity. 

Shattuck cited additional evidence (1904, p. 
[x xx ) for an overlapping unconformity: 

"The unconformity of the Choptank on the Cal­
vert formation is also proved from the fact that 
at the above-mentioned locality (Parker Creek) 
the fossil bed which lies lowest in the Choptank 
formation rests on the Calvert, while at Mt. 
Harmony and northward the upper fossil bed of 
the Choptank rests on the Calvert Formation." 

This may well be the best structural evidence of 
an unconformity. Study of this relationship near 
Paris (locality 67-58) shows it to be something 
less than straightforward. Locality 67-58 is a hill 
between state highways 260 and 613 between 
Paris and West Beach. The Calvert Formation can 
be found low on the north side of the hill, but the 
upper part of the north side is covered. Shattuck's 
"zone 19" of the Choptank is exposed at the top of 
the south side. This would be what Shattuck said, 
"rests on the Calvert." However, about 6 feet of 
fine sand occur below the bed and grade into it. 
Analysis of a sample from the sand produced 
Ostracoda and Foraminifera very typical of shal­
low-water Choptank assemblages. Additionally, 
the ostracodes Cam]JylocytheTe laevissima, Polc­
o1'nyella ]Junctist?'iata, and B ensonocythere whitei 
and the foraminifer Nonion marylandicum have 
been reported by Malkin (1963, p. 769) and Gib­
son (1962, p. 46) as occurring in the Choptank but 
not the Calvert. Establishing this sand as Chop­
tank certainly does not disprove Shattuck's con-



Figure 1: First cli ffs south of Parker Creek along Chesapeake Bay. Arrows point out line of leaching 
\\' hi ch probably <':olTespo nd to the "unconformity" recogn ized by G. B. Shattuck. Lighter band below 
"unconform ity" and intersecting aITO\\' at left is "zone 14" of the Calvert Formati on. The lighter 
co lored beds at t he center peak of the cliffs are in the Boston Cliffs Member. The beds t\\'o-th irds up 
from th e base a nd \\'eath ering in to bl ocky f ractures are in the St. Leonard Member. 

tention that thi s section showed the unconformity. 
An unconformity may exist at the base of the sand, 
rather than at the top as he envisioned. From 
topographic and stratigraphic considerations, it 
appears that the on ly beds above the Calvert at 
this locality are those exposed on the so uth side 
of the hill. Possibly, this could be regarded as 
evidence for an overlapping un conform ity. 

The problem of the Choptank-Calvert boundary 
is far from settled. A way from the area of the 
Calvert Cliffs, where the boundary is defined, it 
becomes more difficult to locate . A few exposures 
on the Patuxent River conta in the interval under 
consideration. At Sandgates (locality 67-59) the 
unconformity is very difficult to locate by correlat­
ing the sequence of lithologic characteristics from 
the r eference area; elsewhere on the Patuxent it 
is probably impossible. The formational contact 
needs more study. Subsurface investigations com­
bined with micropaleontological analyses hold 
promise for a more sati sfactory solution. 

In spite of th e uncertainties based on physical 
criteria, the formationa l boundary certainl y ap-
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pears justified. The general f au na and sediment 
types of the Choptank ar e sufficiently different 
from th e Calvert to warrant two distinct forma­
tional designations. In addition, Gibson (1962, 
p. 13) suggested a significant change in the paleo­
temperature across the subtle physical boundary. 

While the lower contact has been the subj ect of 
some debate, the upper contact has experienced 
littl e controversy. All accounts to date of Miocene 
stratigraphy assert that the Choptank is conform­
ably overla in by the St. Marys Formation. How­
ever , my analysis of the contact indicates a sur­
face of either erosion or nondeposition, namely an 
un conformi ty. Unfortunately, the exposures of the 
contact are not readily accessible. At Camp Conoy 
(pI. 1) , ample evidence exists for an unconformity. 
Stru cture around the formational contact is typical 
of un conformities. One of the most striking bits 
of evidence is the p inching out from one end of 
the locality to the other of about 20 feet of the 
lowermost St. Marys. Further, the uppermost sedi­
ments of the Choptank Formation contain abun­
dant bivalve borings which have a ll been filled by 



Figure 2: T. :VI. Kell y po inting to cont act beb\'een t he 
Ca h'ert Format ion a nd Choptank Format ion (Calvert 
Beach Member) . Shell y bed at \eyel of Kell y's face is 
"zone 14" of the Cah·ert. "Zone 15" of the CalYert 
extends fro m that bed to the end of the pointer. Shelly 
bed at top is in the Drumcliff iVI em bel'. No te sandy beds 
in the lower part of the Cah'ert Beach Me III bel' marked 
by alTO\Ys. Near locality G7-53, approximately one llalf 
mil e north of GO\'ernor Run, Maryland. 

very distinct sed iment from the overlying St. 
Marys, suggesting a surface of nondeposition or 
erosion. Add itionally, there occurs immediately 
above the contact a stringy, discontinuous, very 
well sorted, "basal sand". 

This unconformity is not without complexities 
however. The structural discordance can be seen 
only in this outcrop. To the south, all the way to 
Cove Point, the units of the Choptank and St. 
Marys are parallel, but the sequence of beds indi­
cated on the right in figure 4 is absent. To the 
north, at least to Flag Ponds, the Choptank and 
St. Marys units appear conformable, including the 
additional units at the base of the St. Marys. 

In order to compare the Choptank microfossil s 
with those in the lower St. Marys Formation, 
samples were taken at Flag Ponds, locality 66-25. 
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Analyses of faunal assemblages indicate that the 
advent of the St. Marys brought distinctly shal­
lower and warmer waters to this area. Of course, 
the warmer temperature could in part be a func­
tion of the shallower water. In any case, a distinct 
environmental change marked the lowest St. 
Marys. 

The evidence seems to suggest that after the 
deposition of the Conoy Member a local shallow 
basin was created, possibly by slight uplift to the 
south, in which the sequence of sediments in ques­
t ion was deposited. In spite of the fact that the 
normal regional dip is to the southeast, figure 4 
shows that the beds below the unconformity at 
Camp Conoy dip slightly to the north and that the 
beds above are nearly horizontal. This reversal of 
dip may well have formed the local basin. 

Figure 3 : T. iVI. Kelly po inting to Choptank- Calvert 
boundary in Calvert Cliffs, south of Kenwood Beach , 
Mar>·la ncl. Note s light increase in shell content in Chop­
tank [ rom Calvert. Shelly beel at base is in "zone 14" of 
th e Calvert. 



Figure 4 : (Different per spectives of same cliff section.) Calvert Cliffs at Camp Conoy Y. M. C. A. Good view of un­
conformable r elationships around Choptank-St. Marys boundary. Type area for Conoy Member. Double-headed arrow on 
right of lower photo shows thi ckness of St. Marys at north end of Conoy Cliff not present at south end of Conoy Cliff. 
Single-headed arrow a t left marks Choptank-St. Marys unconformity. 

Close examination of the formational contact at 
locality 67-71 (fig. 5) reveals this to be a surface 
of erosion. The upper Choptank member is ab­
normally thin , being only a little over 4 feet thick. 
Within 500 feet south east this unit is 8 to 9 feet 
thi ck , as can be seen in fi gure 6. Figure 5 shows 
the broadly but deeply undulating formation 
boundary. It also shows the "basal sand" of the 
St. Marys fillin g lows in this undulating surface. 

STRATIGRAPHIC NOMENCLATURE 

Within the Chesapeake Group of Maryland, 
Shattuck (1904, pp. lxix-l:cxxvi) recognized and 
delineated 24 sub-divisions or "zones". The Chop­
tank consists of "zones 16" through "zone 20". 
Each "zone" was defined on the basis of lithologic 
character istics and the r elative quantity of fossil 
shells, not by the occurrence of particular species. 
As such , each "zone" is a rock stratigraphic unit 
(Krumbein & Sloss, 1963, p. 625). 

The five subdivisions of the Choptank as r ecog­
nized by Shattuck are redefined, named, and given 
type sections in the discussion below. 
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SUBDIVISIONS OF THE CHOPTANK FORMATION 

Calvert Beach Member.-This member corre­
sponds to "zone 16" of Shattuck and lies at the 
base of the Choptank (fig. 6) . The type section, 
here designated, is the low bluff in the Calvert 
Cliffs at Calvert Beach, Maryland ((fig. 7,8) ; also 
see locality 67-65 in Appendix I for detailed de­
scription of the type section) . The sediments vary 
from dusky green to dusky blue, rarely yellowish­
brown to dark brown, very muddy to slightly 
muddy, fine sand to very fine sand. The nature of 
the lower contact is not clear (see previous dis­
cussion) but can be described as subtle (fig. 2,3). 
The location of the upper contact is difficult to fix 
because of its gradational character. Inasmuch as 
the overlying bed is defined in part as a major 
shell bed, the contact has been placed at the base 
of the first major influx of shells (fig. 2). Sedi­
mentary structures included in this member are 
small scour and fill structures (fig. 3), burrows 
(fig. 7,8), sand stringer s and lenses (fig. 2), 
localized low-angle planar cross laminations, and 
irregular bedding laminations. In general, macro-



fossils are scarce, but in a few localities they are 
somewhat more abundant. The fossils at Calvert 
Beach superbly show what appear to be life assem­
blages (fig. 7,8). Some of the more common mac­
rofossils in the Calvert Beach Member are Turri­
tella plebeia, Lucinoma contracta, Diplodonta sub­
vexa, Glossus fraternus marylandicus, Anomia 
aculeata, Yoldia laevis, Ensis ensiformis, Hiatella 
aTctica, Ecphora quadTicostata umbilicata, Do­
sinia acetabula, and cheilostome bryozonans. 

The Calvert Beach Member is present in the 
Calvert Cliffs from Parker Creek to the vicinity 
of Long Beach and varies from about 12 to 16 feet 
in thickness. The best reference localities are those 
at Calvert Beach, Kenwood Beach, and Governor 
Run. This interpretation contrasts with Shat­
tuck's (1904, p. lxxxi ) who believed zone 17 over­
lapped zone 16 at Parker Creek. 

No exposures have ever been reported from the 
Eastern Shore. Localities 67-80, 67-81, and 67-82 
on the Chop tank River south of Greensboro might 
possibly contain the Calvert Beach Member. By 
stratigraphic sequence this interbedded lithology 
could be the Calvert Beach. However, since the 
sediments in these three Eastern Shore localities 
do not look at all like exposures on the Western 
Shore, they may well represent an entirely differ­
ent depositional environment, e.g., marginal ma­
rine. Shallow subsurface studies are needed on the 
Eastern Shore. 

Several exposures are found on the Patuxent 
River, particularly on the western side, with the 
best one at Sandgates. Here "zone 14" of the 
Calvert and the Drumcliff Member of the Chop­
tank are clearly discernible, but the intervening 
sequence seems nearly homogeneous. Micro- and 

Figure 5: Close-up of top of Choptank and base of St. Marys as seen at locality 66-5. Conoy Member here is 53 inches 
thick. Undulating unconformity between Chop tank and St. Marys. Immediately above that is a three-inch concretion 
bed. Main body of St. Marys "basal sand" varies in thickness along here from about one foot to two feet. 
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Figure 6 : A nearly complete section of th e Choptank Formation between localities 66-6 and 66-4 , 
Calvert Cliffs, Calvert Co., Maryland. (Vicinity of principal reference section and type section of 
the St. Leonard Member.) Note basal sand of St. Leonard Member. 

12 



Figure 7: Type locality of the Calvert Beach Member, Calvert Beach, Maryland. 
left: Large pocket of snails, TU1Titella plebeia. Lucinoma contracta in life orientation. 
right: Burrowed central portion of member. 

macrofaunas from the upper part of this interval 
along the Patuxent River are typical Choptank 
assemblages but it is extremely difficult to locate 
the lower boundary of the Calvert Beach Member 
at this point. 

The upper part of the member is present in 
Pawpaw Hollow (locality 66-35) along Breton 
Bay. The Horsehead, Stratford, and N omini Cliffs 
of Virginia all expose this unit, but in many places 
there is a problem of differentiating the three 
lowest members of the Choptank. Perhaps this 
interval should not be divided in the exposures 
south of the Potomac River. 

Drwncliff Member.-This member corresponds to 
"zone 17" of Shattuck and is the lower shell bed of 
the Choptank (fig. 6). The type section is here 
designated at DrumcJiff ( called Jones Wharf in 
the 1904 Maryland Geological Survey Miocene 
Volume) along the southwestern shore of the 
Patuxent River (figs. 9-13; also see locality 66-14 
in Appendix I for detailed description of the type 
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section) . The dominant sediment type varies from 
pale yellowish-brown to very pale orange, slightly 
muddy to very well sorted, fine sand. At the base, 
particularly in sections in St. Marys County, the 
sediment is usually dusky blue to dusky green, 
very fine sand to fine sand. The most distinct 
characteristic of this member is the prolific ac­
cumulation of shells, in some places so densely 
packed that there is scarcely any sediment. At 
some localities, certain beds are indurated (fig. 
13). The induration of these layers appears to be 
post-depositional, created by the dissolving of 
calcitic shells and later precipitation of calcareous 
cement binding the fine sand grains. The lower 
contact is nearly always gradational and marked 
by the first major influx of shells (fig. 9). The 
upper contact is usually sharp and distinct, 
marked by the upper limit of abundant shells (fig. 
12,13). At Drumcliff this contact appears to repre­
sent a channeled surface (fig. 12) . Biogenic and 
inorganic sedimentary structures are extremely 



Figure 8: Burrows in Calvert Beach Member. upper 
left: Shell-lined burrow possibly of a marine worm. Local­
ity 66-6, Calvert Cliffs, Calvert County, Maryland. upper 
right: Slime-lined burrow, some minor biogenically con­
centrated shell accumulations, and some blebs of finer 
textured sediment. Locality 66-6, Calvert Cliffs, Calvert 
County, Maryland. lower: Ensis ensiformis in upper left­
hand corner and long, thin, diagonal, multi-walled burrow 
(of Ensis?). Locality 67-65, Calvert Cliffs at Calvert 
Beach, Maryland. 

rare. In St. Marys and Calvert Counties the base 
of the member contains a prolific concentration of 
the epifaunal bivalve 1sognomon maxillata (fig. 
9), occasionally accompanied by abundant frag­
ments of the ahermatypic coral Ast1'helic~ pcLlmata. 
This lower accumulation of 1sognomon maxillata 
is abnormally thick at the mouth of St. Leonard 
Creek. At Mackall's Landing, locality 66-43, this 
bed is 14 feet 9 inches thick. The 1sognomon units 
are conspicuously absent north of Calvert Beach 
in the Calvert Cliffs (fig. 2) and in the exposures 
in Virginia. Above the 1sognomon units, abundant, 
densely packed lar ge shells alternate with beds of 
less abundant, less densely packed smaller shells. 
In the fi gures these are labeled "increased" and 
"reduced" macrofossil beds, respectively (figs. 9-
12). North of Calvert Beach in the Calvert Cliffs 
the upper part of the member contains beds with 
low faunal diversity and great lateral variability. 
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Macrofaunas of the Drumcliff Member gener­
ally have much greater faunal diversity, more 
numerous epifauna, and many more species of 
snails than the upper shell bed (Boston Cliffs Mem­
ber) of the Choptank. Life assemblages of the 
epifaunal bivalve AtTina harrisii on the eastern 
side of Breton Bay (locality 66-36 ) deserve spe­
cial mention. Species of the deep-burrowing bi­
valve genus Panope are nearly unique in that they 
are always found double-valved and in living 
position (fig. 12) . Nearly all other bivalves are 
flat lying and the shells are usually disarticulated 
(figs. 11 ,12). Specimens of Turritella plebeia, the 
most abundant mollusc of the member, normally 
appear randomly distributed, but in some places 
they are clumped in lenses or pockets (fig. 14). 
Some of the more common macrofossils are: 

Figure 9 : Lower Drumc1iff Member at its type locality. 
Lower half of figure shows dominant /sognomon maxillata, 
also the coral, Astrhelia palmata, and the scallop, Placo­
pecten marylandicus. Note reduced macrofossil bed above 
that, followed by an increased macrofossil bed. Drumc1iff 
along the Patuxent River, St. Marys County, Maryland. 



gastropods-

Busycon corona tum ntgosum 
Calliostoma aphelia 
Calliostoma philanth1'opa 
Canc(Jllaria alte1'nata 
C1'epiclula f01'nicata 
C1'epiclula plana 
Crucibuium cos tatu?n 
C1'1tcibulum multilineatum 
D1'illia limatula 
Ecpho1'a quacl1'icostata 

umbilicata 
Epitonium ma1'y lanclicum 
El)itonium sayanum 
Fissuriclea g1'iscomi 
Hastula inornata 
Lunatia hM'OS 
Mangelia parva 
N assarius peTaltoicles 

Plew'otoma (Hemipleuro-
toma) choptankensis 

Polyniccs clup licatus 
Rhizo?'trs iotus marylanclicus 
Scaphell(~ typa 
Sil)honalia clevexa 
TWTicuia nrgata 
Turritella plebeia 
T toTi tella vm'iabilis 

cumbe1'lanclia 
Uroloalpinx cinerea 

coral-
Ast1'helia palmata 

ech inoderm­
Abe1'tella ab eTti 

brachiopod­
Discinisca lugubris 

bivalves-

Aligena aequata 
A nadaTa staminea 
Anodontia anodonta 
Anomia aculeata 
Al)olymetic biplicata 
Astarte thisphila 
A t?'ina harrisii 
Callocanlia subnasuta 
Canlita prot1'acta 
Ce1'astodenna laqueata 
C o1'bula cuneata 
CM'bula idonea 
Corbula inaequalis 
Crassatella tw'gidula 
Diplodonta acclinis 
Do sinea acetabula 
Ensis ensifo1'mis 

Glossus fraternus 
marylandicus 

/sognomon maxillata 
Lv,cina c1'enulata 
Lucinoma cont?'acta 
LY1'opecten madisonius 
III1 aC1'ocaliista mm'ylandica 
111 artesia ovalis 
M e1'cenaria campechiensis 

cuneata 
111 ercenaria mercenaria 
Mytilus com'adinus 
Pan ope americana 
Placopecten marylandica 
Pleio1'ytis centenaria 
Semele subovata 
Spisula marylandica 
Spisula subparilis 
Vene1'ica1'dia granulata 

Figure 10: Type section of the Drumcliff Member, Note distinct reduced and increased macrofossil beds, Increased shell 
beds form a somewhat more resistant ledge than r educed shell beds, 

Reduced shell beds have fairly well sorted sands while increased shell beds contain sediments somewhat poorly sorted, 
Drumcliff along Patuxent River, St, Marys County, Maryland, 
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Figure 12: Upper Drumcliff Member. Note reduced and 
increased macrofossil beds and Panope (marked by arrows) 
with articulated valves and in living position. Note St. 
Leonard channel into Drumcliff Member. Drumcliff along 
the Patuxent River, St. Marys County, Maryland. 

The thickest exposure of the Drumcliff Member 
is at Drumcliff where it measures about 30 feet. 
Outcrops can be found downstream along the Pa­
tuxent, where slight reversal of the regional dip 
has brought up the Calvert Beach-Drumcliff con­
tact in low bluffs south of Captain Point. This 
reversal of dip can also be seen in exposures along 
creeks to the southwest of that area. Numerous 
outcrops contain the member in the Cuckold 
Creek-Hickory Landing Creek-Mill Creek­
Mill Cove complex off the Patuxent River to the 
southwest. Many exposures occur along St. Leo­
nard Creek with the thickest sections around the 
mouth. At Mackall's Landing, a particularly good 

Fig ure 11: Section from top of lower increased macro­
fossil bed of Figure 10 to lower part of central increased 
macrofossil bed. Drumcliff Member at Drumcliff along 
Patuxent River, St. Marys County, Maryland. 
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section is nearly overgrown by poison ivy. One of 
the better exposures along the creek is at Breedens 
Point. 

Along the Calvert Cliffs the member is much 
thinner, averaging 6 to 8 feet. It may be found 
from Parker Creek in the north to 0.3 mile north 
of Point of Rocks in the south. South of Long 
Beach the unit contains much more mud than to 
the north and is commonly locally indurated. 

No proven exposures of the Drumcliff occur on 
the Eastern Shore, only an uncertain one. Shat­
tuck (1904, pp. x:rxii-c:t:x:t:vii) r eported a Chop­
tank outcrop at "Greensboro" containing an un­
mistakably Drumcliff molluscan assemblage. An 
extensive search was made in the vicinity of 
Greensboro but unfortunately the only finding 
(locality 67-82) was a 1 V:! foot bed containing 
molds and casts at the top of a section of 6% feet 
of sediments which may be part of the Drumcliff. 
This is another problem on the E astern Shore that 
might be solved by subsurface studies. 

The only exposures southwest of Drumcliff in 
Maryland are those along Breton Bay. However, 
farther southwest the member is difficult to iden­
tify. In the Horsehead, Stratford, and Nomini 
Cliffs of Virginia some thin layers of shells look 
like Drumcliff assemblages and occur approxi­
mately in the same stratigraphic position. Even 
though these layers lack the characteristic con­
centration of shells, I believe they resulted from 
the episode that produced the densely packed 
macrofossil beds at Drumcliff. 

St. L eonaTd Memvel'.-This member corresponds 
to "zone 18" of Shattuck and is the bed between 
the two major shell beds of the Choptank (fig. 6). 
The type section is here designated as the ex­
posure in the Calvert Cliffs 111,. mile east of St. 
Leonard, Maryland and 0.3 mile north of Calvert 
Beach, Maryland (see locality 66-6 in Appendix I 
for detail ed description of the type section). The 
sediments vary considerably. Along the Calvert 

Figure T 13: Section at locality 66-19, do\\"nstream e nd of DrLl l11 cl iff along t he Patuxent River, St. Marys County, Mary­
land: Note strongly Indu.rated ll1Cl'eased macrofoss t! beds f0 l'l11ll1g pro min en t ledges. Note r educed ancl increased macro­
foss il beds 111 Boston Cllffs Member (arro\\' \nth "1''' point s out r educed macrof ossi l beel and arrows \\' ith "i" point 
out increased macrofossil beds). 
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Figure 14: One of th e common lensoid pockets of the high-spired snail TmTitella plebeia. Drumcliff Member. Locality 
66-34, Pawpaw Point on the eastern shore of Breton Bay, St. Marys County, Maryland. 

Cliffs they are predominately dusky blue to dusky 
green ish-blue, muddy, fine sand to nearly silt. E x­
posures along the Patuxent appear oxidized and 
with heterogeneous sediments varying from light 
oli ve-gr een to pale yellowish-brown, muddy, fairly 
well sorted to poorly sorted , fine sand. The St. 
Leonard in Virginia varies from dusky olive to 
dark brown , slightly muddy to very muddy, fine 
sand to very fine sand. 

Along the Calvert Cliffs and the Patuxent River 
there is typically a thin basal unit (fig. 6,13) of 
dar k brown, poorly sorted fine to med ium sand. 
Biogen ic and inorgani c sedimentary structures ar e 
fair ly common. Biogenic activity is undoubtedly 
the cause of mu ch of the sediment mottling. 
Figures 15 and 16 illustrate some of the many 
types of traces left by biogenic activity in the St. 
Leonard Member. Inorgan ic structures consist of 
irregular di scontinuous bedding and some local 
bedding laminations which appear to be either 
wave ripple marks or distorted laminations (fig. 
17, fig. 2). The lower contact is nearly always 
sharp and distinct, occurring at the base of a tre-
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mendous decrease in the quantity of shells and 
occasionally, as at Drumcliff, at the base of deep 
channeling (fig. 12). The upper contact is nearly 
always gradational and should be placed at the 
base of the fir st major influx of shells. 

Macrofaunas of the St. Leonard Member are 
generally sparse. Some of the more common fos ­
sils are: Yoldia laevis, Ensis ensiformis, Disci­
nisca lugubris, Mytilus conradinus, Cerastodenna 
laqueata, Balanus concavus, Anadara staminea, 
and Crucibulum multilineatum. The St. Leonard 
can be found in the Calvert Cliffs from Parker 
Creek to between Point of Rocks and Camp Bay­
breeze (Girl Scout camp). The most extensive ex­
posures lie north of Calvert Beach where the 
thickness varies from about 18 to 22 feet. From 
Flag Ponds to its southern extent the member 
averages about 12 feet. The last downdip exposure 
of the entire member along the Calvert Cliffs is a 
short distance north of Point of Rocks, where it 
measures 11 feet 11 inches. 

The Eastern Shore has no certain exposures of 
the St. Leonard Member, but an outcrop (locality 



Figure 15: Biogenic sedimentary structures in St. Leon­
ard Member between Flag Ponds and Camp Conoy, Cal­
vert County, Maryland . left: Bivalve burrow and wavy 
laminations. right: Polychaete? tube and wavy laminations. 
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67 -83) along the Choptank River near Lyford 
Landing may contain part of the unit. The sedi­
ments are nearly identical to those of the member 
in the Calvert Cliffs, and the only fossil found is 
Yo lclia laevis which is found f requently in the St. 
Leonard but certainly not confined to it. The 
Boston Cliffs Member is exposed downstream 
fro m Lyford Landing, while a probable out crop 
of the Drumcliff occurs upstream. The preceding 
evidence, a lthou gh not conclusive, does suggest 
that the St. Leonard Member is exposed at Lyford 
Landing. 

F ig ure 16 : Biogenic sedim en tar y structures in St. Leon­
ard Member between Camp Conoy and 67-51, Calvert 
Cliffs, Calvert County , Maryla nd . left: Prominent bivalve 
multi-walled, slime -lined burrow and biogenically disturbed 
sedimenta ry laminations. upper right: "Xenohelix" burrow 
of unknown origin and wavy laminations. lower right: 
Slime-lined, multi-walled burrow with nodose exterior. 



Figure 17: top: Close-up of double Anadam staminea at 
locality 67-52. Note maximum Iigamental opening. bottom: 
Scour and fill sedimentary structures. St. Leonard Mem­
ber. Between Flag Ponds and Camp Conoy, Calvert Cliffs, 
Calvert County, Maryland. 

Southwest of the Calvert Cliffs the St. Leonard 
thins considerably and becomes a light brown 
sand. At Breedens Point on St. Leonard Creek, 
about 3 miles from the Calvert Cliffs, the thick­
ness is only 4 feet. At the mouth of the St. Leonard 
Creek (locality 66-43) the unit measmes 5 feet. 

Incomplete sections are exposed along Hellen 
Creek off the Patuxent (locality 66-46 and locality 
67-68). Near Drumcliff the St. Leonard varies 
from 6 to 8 feet (fig. 13). In the Cuckold Creek 
vicinity it is 6 feet 6 inches and 5 feet 2 inches at 
locality 66-29 and locality 66-41, respectively. Var­
iable thicknesses from 5 feet to 13 feet can be 
found on the Virginia side of the Potomac River. 
The base of the member is difficult to locate in the 
N omini Cliffs, as a result of the slightly atypical 
expression of the Drumcliff Member (see Drum­
cliff discussion) . 

Boston Cliffs MemiJer.-This member corresponds 
to "zone 19" of Shattuck and is the upper shell bed 
of the Choptank (fig. 6). The type section is here 
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designated at Boston Cliffs on the Choptank River, 
4 miles southeast of Easton, Maryland and 1.8 
miles south of Dover Bridge (figs. 18,19; also see 
locality 66-12 in Appendix I). The dominant sedi­
ment type varies from reddish-brown to moderate 
brown, muddy to slightly muddy, fine sand. The 
top of the member is very distinctively marked by 
a resistant, oxidized, indurated series of vari­
colored units. In some places (e.g., between Flag 
Ponds and Cove Point) exceedingly hard slabs of 
this upper series are piled up in front of the cliffs 
serving as effective deterrents of wave erosion. 
The most distinguishing characteristic of the Bos­
ton Cliffs Member as a whole is its prolific ac­
cumulation of shells. The lower contact is grada­
tional and usually somewhat arbitrary. The upper 
contact is sharp and distinct with the oxidized, 
indurated sequence below and the nonresistant, 
dusky blue, fine sand of the Conoy Member above. 
Biogenic and inorganic sedimentary structures 
are nearly nonexistent. Typically, the number and 
size of fragments increase gradationally from the 
base of the member to a lower bed of abundant, 
large, flat-lyin g bivalves (figs. 13,18,19,21,17). 
Commonly this lower increased macrofossil bed 
has distinct smaller units with low faunal diver­
sity. For example, near the top of this unit a thin 
bed of valves of Anaclara staminea is amazingly 
continuous and can be traced for miles (figs. 17, 
20, 21). Next in succession is a reduced macro­
fossil bed, followed by another increased macro­
fossil bed, which are characterized by reduced size 
and number of shells and increased size and 
number of shells, respectively (figs. 18-21) . The 
more common fossils of all the above-described 
beds are: bivalves-Mac1'ocallista marlJlanclica, 
Lyr07Jecten maclisonius, Anaclara staminea, Do­
sinia acetabula, Cerastoclerma laqueata, Corbula 
iclonea, Astarte obruta, C1'assatella marylanclica, 
Mercenaria spp., Anoclontia anoclonta, Corbula 
inaequalis, and the gastropod-Ecphom quaclri­
costata umiJilicata. Typically, another sequence of 
reduced and increased macrofossil beds follows, 
but the faunal composition is somewhat different 
and usually shell fragments are much more abun­
dant (figs. 17, 21) . Normally, the fauna is strongly 
dominated by oysters and scallops, with barnacles 
of somewhat lesser significance. Locally, however, 
cockles may be dominant. The more common fos­
si ls in this sequence, then, are: Crassostrea caro­
linensis. Lyropecten maclisonius, Cerastoclerma 
laquecLia, and Balanus concavus. In some outcrops 
this oyster-scallop-barnacle assemblage is signifi­
cant in other portions of, and in some exposures 
throughout the Boston Cliffs Member. Faunal ac-



Figure 18 : Type section of Choptank F ormation and Boston Cliffs Member. Writer's hands mark bottom and top of 
reduced macrofossil bed. Locality 66-12, Boston Cliffs along Choptank River, Talbot County, Maryland. 

cumulations above the last described sequence are 
somewhat obscmed by intense oxidation and in­
duration. \,-Vhere the relationships were relatively 
clear, the alternation of increased and reduced 
macrofossil beds contillued. 

Macrofaunal assemblages of the Boston Cliffs 
Member generally have a lower f aunal diversity, 
fewer epifaunal individuals, and considerably 
fewer snails than the Drumcliff Member. An ex­
ceptionally well-presel'ved assemblage of bivalves 
occurs in the lower increased macrofossil bed of 
the southern Calvert Cliffs, particularly between 
Flag Ponds and Camp Conoy, Some of these bi­
valves still l'etain remnants of the hinge ligament, 
and some still show shell coloration, which is uni­
form ly dal'k yellowish-brown, In the same area, 
between Flag Ponds and Camp Conoy, individual 
shells of A Ilondontia anondonta are much stouter 
than elsewhere in the Choptank. Unusually large 
specimens of Ll)l'opecten 1IIadisonius occur from 
Point of Rocks to Cove Point, At Boston Cliffs 
infaunal bivalves are unusually large, 
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The best of the Eastern Shore exposures is at 
Boston Cliffs. Outcrops and fossils at Peach Blos­
som Creek and Trappe Landing were reported by 
Shattuck (1904, pp. xxxiii-c:t'xxvii) but were not 
found during this investigation . A previously 
ul1l'eported section was located on the south bank 
of Island Creek (locality 66-13). On the Eastern 
Shore and along the Calvert Cliffs, where the 
Boston Cliffs is exposed from Parker Creek to a 
little north of Cove Point, the thickness averages 
14 to 15 feet . A very thin, inland exposure can be 
found at locality 67-58, near Paris, Maryland. 
Locality 66-46, Hellen Creek, is very similar to 
sections to the northeast, except for some large 
crab burrcws partially obscuring relationships. 
Exposures at the mouth of St. Leonard Creek and 
on the southwestern side of the Patuxent are only 
9 to 11 feet thick, and the oyster-scallop-barnacle 
assemblage dominates the fauna throughout. The 
member at the western end of Nomin i Cli ffs (lo­
cality 67-72) is very much like the section along 
Chesapeake Bay. To the east the section thins to 



3 feet (locality 67-70), and to the west at Horse­
head Cliffs (locality 67-73 ) a rather un character­
istic section measures 5 feet 2 inches. 

Conoy Memb e1'.-This corresponds to "zone 20" 
of Shattuck and is the upper member of the Chop­
tank (fig, 6). The type section is here designated 
as the first major cliffs northwest of Camp Conoy 
(Y.M.C.A .) along the Chesapeake Bay (see local­
ity 66-25 in Appendix I; also figs. 4, 22, 23). Al­
though somewhat unorthodox to name a rock-stra­
tigraphic unit after a Y.M.C.A. Camp, there is a 
general scarcity of named geographic features in 
the vicinity. Since the United States Geological 
Survey 7.5 minute topographic map officially in­
cludes "Camp Conoy", it seems perfectly within 
the limits of the Code of Stratigraphic Nomencla­
ture. The Calvert Cliffs at Flag Ponds wou ld serve 
better for a type section, but unfortunately there 
already is a "Flag Pond Granite Group" in North 
Carolina and Tennessee. An excellent reference 

area for th is member is the section of the Calvert 
Cliffs from Camp Conoy to Flag Ponds (localities 
66-21, 66-44, 67-50, 66-25, and 66-15). The domi­
nant sed iment type is dusky grayish-green to 
dusky green ish-blue to dusky blue, very muddy, 
very fine sand to silt. Thickly-spaced, continuous, 
parallel, thin, bedd ing laminations are common 
(fig. 22). The lower contact of the Conoy is sharp 
and distinct with the oxidized, indurated sequence 
of the Boston Cli ffs below. The unconformable re­
lationship with the overlying St. Marys Formation 
has been discussed above. 

The general sparsity of macrofauna is inter­
rupted in a few outcrops by a thin, concentrated 
accumulation of Turritella plebeia (fig. 24). The 
more common foss ils of the Conoy are : the gas­
tropod-Turritella plebeia and bivalves-Cerasto­
derma laqueata, Y olclia laevis, M ytilus conradinus, 
Atrina harrisii, Lyropecten maclisonius, Balanus 
concavus, and Dosinia acetabula. 

Figure 19: Lower increased and reduced macrofossil beds. Second plate of three showing vertical sequence at type 
section of Boston Cliffs Member and Choptank Formation. Locality 66-12, Boston Cliffs along Choptank River, Talbot 
County, Maryland. 
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Figure 20: Boston Cliffs Member from upper p ortion of 
lower increased macrofossil bed to about the base of the 
sequence of indurated beds. Note thin band of Anadara 
staminea in top of lower increased macrofossil bed. Note 
predominant tlat-lying, convex-upward orientation of bi­
valves. Note partially r educed macrofossils above lower 
part of upper increased macrofossil bed. About one half 
mile south of Camp Conoy, Calvert Cliffs, Calvert County, 
Maryland. 

A few partial exposures of the Conoy Member 
occur along the shores of the Choptank River in 
the vicinity of Cambridge. This unit is in the 
Calvert Cliffs from Parker Creek to Cove Point. 
Along the Patuxent River the only outcrops are 
in the vicin ity of Hellen and Hungedord CreekR. 
No exposures are known in St. Marys County, but 
in IVestmorelanc'l County, Virginia the member is 
present all along the Horsehead, Stratford, and 
Nomini Cliffs. The thickness of the Conoy seems 
fairly constant throughout the outcrop belt, vary­
ing from over 9 feet to 15 feet . 

In general, the five members of the Choptank 
are quite persistent and constant in thickness. Un­
fortunately. nothing is kn own of them in the sub­
surface. Depositional environments and the geo­
logic setting will be much better understoocl "vhen 
information is produced on Rubsurface facies. 
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As mentioned at the beginning of the section on 
st rati graphy, Shattuck designated the Choptank 
River exposures below the Dover Bridge as the 
type locality. This was unfortunate since the type 
locality included only one of the five members, the 
Boston Cliffs Member. Under article 13 of the 
Code of Stratigraphic Nomenclature (Krumbein & 
Sloss, 1%3, p. 629) provision has been made for 
supplementing a type section with reference sec­
tions. In an effort to correct problems raised by 
the type section, the Calvert Cliffs from Calvert 
Beach to Governor Run, Maryland is here desig­
nated as the reference area for the Choptank 
Formation. Locality 66-5, 0.9 mile southeast of 
Western Shores, Maryland and 1.0 mile northwest 
of Calvert Beach, Maryland in the Calvert Cliffs, 
is here designated as the principal reference sec­
tion (see locality 66-5 in Appendix I for a detailed 
description of the principal reference section). 

THE PROBLEM OF THE "NORTH KEYS SAND" 

The name "North Keys Sand" was proposed by 
Hack (1955, p. 8) for "a bed of fine yellowish­
orange sand which rests conformably on the top 
clay bed of the Calvert formation, and in the 
Brandywine (Maryland) area, underlies the gravel 
of the Brandywine formation (Pliocene?)." He 
added: 

"The sand is at least in part Miocene in age, and 
in this area is equivalent to zone 19 in the Chop­
tank ... The North Keys Sand is traceable on 
the basis of lithology over a wide area in south­
ern Maryland and may not be equivalent every­
where to zone 19. The writer believes that it 
may overlap the younger Miocene formations 
becoming younger to the south where it is equiv­
alent to higher zones. For this reason, a new 
name defined on the basis of stratigraphic posi­
tion and lithology is proposed even though in the 
Brandywine area fossi l evidence nearby appears 
to identify the North Keys Sand with the Chop­
tank." 

In view of the available stratigraphic evidence, 
Hack (1955, p. 10) considered two interpretations 
as possible: "Either the North Keys Sand repre­
sents an overlap of sandy beds of the Choptank on 
the eroded Calvert formation, or the North Keys 
Sand becomes younger to the south and overlaps 
the Choptank C',s well aR the Calvert ." His paper 
makeR it quite clear that of the two he favored the 
regressi ve-over la pin terpreta tion. 

I disagree. The evidence presented in Hack's 
own paper makes a regressive-overlap relationship 
stratigraphically and geometrically impossible. In 
his text and in the diagrammatic columnar sec-



tions (1955, p. 7, fig. 4), Hack stressed that the 
North Keys Sand is equivalent to the Chop tank in 
age because "zone 19" (= Boston Cliffs Member) is 
superjacent in an exposure near Paris (1955, p. 
9) . I examined th e same key outcrops (locality 67-
58) and agreed that the prolific shell bed near the 
top of the section is unmistakably Boston Cliffs. 
The conflict within Hack's reasoning arises from 
his claim that at Paris the North Keys Sand occurs 
stratigraphically below the Boston Cliffs, but 
downdip their relative positions are reversed with 
the North Keys above the Boston Cliffs. Some­
where between Paris and the Calvert Cliffs these 
two sedimentary facies must inter sect and cross 
according to his hypothesis. Even though Hack 
could find no fossils in the North Keys itself, he 
did try to understand something of its origin 
through size analysis of the sediment. Cumulative 
frequency curves "indicate that the North Keys 
Sand probably is a marine sand deposited in 
shallow water, on the shore, or as dunes behind the 
beach. Possibly it was deposited in all three en-

vironments and those parts of the formation 
which are free of clay or silt, and are devoid of 
foss il s may repr esent a shore or shore-dune facies" 
(1955, p. 9) . My sample, 67-58-1, from 4 feet 9 
inches to 5 feet 9 inches below the "North Keys"­
Bost on Cliffs contact conta ined an assemblage of 
Ostracoda and Foraminifera that are very typical 
of the shallow, open mar ine Choptank. As men­
tioned in the di scussion on the Choptank-Calvert 
contact, this fauna is indicative of only the Chop­
t ank, in light of our present knowledge. The stra­
tigraphic probability of a shallow, open marine 
"North Keys Sand" overlapping the Choptank, St. 
Marys, and Yorktown Formations, all predomi­
nately shallow marine in their outcrops, is highly 
unlikely. Even more unlikely would be the inter­
section and reversal of the Boston Cliffs and 
"N orth Keys", both shallow, open- marine deposits 
in the outcrop area. 

In comparing thi s problem unit with other Mio­
cene deposits Hack said (1955, p. 10) "The North 
Keys sand is lithologically unlike the Choptank 

Figure 21: Boston Cliffs Member about half of a mile south of Camp Conoy Y. M. C. A., Calvert Cliffs, Calvert County, 
Maryland. Note large scale cross stratification in shells (predominantly Anadara staminea) in lower increased macro­
foss il bed. 
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Figure 22 : Upper Boston Cliffs Member, Conoy Member, and lower St. Marys Formation. Note par allel la minations 
(marked by small alTo\\"s) and t hi ck beddin g' in Conoy Mem bel'. Note blocky f racturing and steep face of outcrop ex­
pression of Conoy Member. Formation bo undary bored fro m above . Locality 66-44 , bebl'een F lag Ponds and Camp Conoy, 
Cal\'ert Cliffs, Calvert County, Maryland, 

for mation as it is exposed in the Calvert Cliffs , .. " 
I agree for the most part with that statement. 
Since the "Nor th Keys" grades into the Boston 
Cli ffs at the Paris section, the counterpart in the 
Calvert Cliffs 'would be the St. Leonard Member 
which grades into the Boston Cliffs Member there. 
Admittedly the St. Leonard is typically dusky blue, 
muddy, fine sand where the "North Keys" is yel­
lowish-orange, oxidized, muddy, fine sand. On the 
other hand, the only real difference is in the 
color- one is oxidized , and the other is not. In 
fact, some exposures of the St . Leonard along the 
Calvert Cliffs northwest of Point of Rocks are 

oxidized and appear very similar to the socalled 
"N orth Keys sand". The best correlation of the 
Paris section, however, is with the Choptank along 
the Patuxent River. Outcrops at Dr umcliff, the 
mouth of St. Leonard Creek, and in the Cockold 
Creek-Hickory Landing Creek-Mill Creek­
Mill Cove complex expose a St. Leonard- Boston 
Cliffs sequence similar to the "North Keys" - Bos­
ton Cliffs sequence at Paris. It is my content ion 
that the "North Keys sand" of Hack is in certain 
places nothing more than oxidized Choptank For­
mation. 

PALEOAUTECOlOGY 

Analysis of Miocene paleoautecology has certain 
distinct advantages over Mesozoic, Paleozoic, or 
Precambrian biotic investigations. With older fos­
sils the study must necessarily be much more 
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empirical. For the most part, my approach utilizes 
direct extrapolation of ecological information 
from the present to the past. 

The first stat ements concerning the paleoecol-



ogy of the Choptank foraminifers were made by 
Malkin (1953, pp. 773-775) and were actually 
made about the Chesapeake Group as a whole. 
Because her paper primarily concerned Ostracoda, 
her treatment of the foraminifers was extremely 
sketchy. 

The really important study on the foraminiferal 
paleoecology was that of Gibson (1962). Basically, 
he extrapolated directly the known ecology of the 
extant species to the Miocene. In addition , he re­
li ed upon these factors in planktonic Foramini ­
fera. This method was greatly facilitated by the 
fact that 68 percent of the Choptank benthonic 
foraminifers were considered to belong to extant 
species. 

One weakness of the approach used by Gibson is 
that only the extant species are considered while 
the extinct ones are disregarded. The extreme pos­
sibility cou ld arise that the neglected part of an 
assemblage might contain several key organisms 

Conoy Mbr: 

which would indicate a depositional environment 
other than that indicated by the extant species. 
This problem is somewhat amplified by the fact 
that Gibson's approach largely was to contrast the 
number of key living species representing differ­
ent environments. Then applied to fossil occur­
rences, the paleoenvironment was considered to be 
whatever the majority of species indicated. With 
this system it requires only a very few species 
indicating one environment or the other to com­
pletely change the outcome. 

It should be made clear that this criticism is 
really a imed at the approach and not Gibson's 
study. Within his study the foraminifers were be­
tween 60 to 80 percent extant, so the probability 
of accuracy was in his favor. 

Gibson was pessimistic about including generic 
distributions as a basis for interpretation of 
paleoenvironments and said (1962, p . 52), "Using 
only genera and not species may give either an 

Figure 23: (See P late 1 for location.) Choptank-St. Marys unconformity. Note borings (unretouched photo) down into 
Co noy and fi ll ed with sediment from th e St. Marys. Note stringy, discontinuous, very \Yell sorted "basal sand" of St. 
Marys. Arro\Ys point out some borings. Mechanical pencil in lower right provides f)cale. 
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Figure 24: Canoy Member with thin, concentrated accumulation of Tm-ritella plebeia molds and casts. Locality 66-47, 
north of Cove Point Marsh, Calvert Cliffs, Calvert County, Maryland. 

incorrect interpretation of the environment or be 
so widely tolerant as t o give only a very broad 
interpretation." I agree in part, for using only 
genera or only extant species as Gibson did may 
introduce shortcomings into the final analysis. If, 
however , these two criteria in addition to various 
general characteristics of foraminiferal distribu­
tion, as reviewed by Gernant and Kesling (1966 , 
pp. 135-136), are considered in the interpretation, 
the deficiencies of the various approaches may be 
dampened. Yet direct extrapolation from extant 
species should have the highest resolving power of 
any single foraminiferal criterion. 

SUMMARY OF KNOWN AND 

INFERRED ECOLOGICAL I NFORMATION 

Fomminife1'a:- All of the available environmental 
data pertaining to Chop tank foraminifers is sum-
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marized in Table 1. For a more detailed discussion, 
see Gibson (1962, p. 82-193). 
Ostmcoda:-The two basic pioneering studies on 
Miocene to modern ostracodes of the Western 
Atlantic were by Ulrich and Bassler (1904) and 
Edwards (1944). Most subsequent investigations 
involved identifying or misidentifying their spe­
cies. Some valid species have been added to the 
co nfusion. Fortunately for this study, many Mio­
cene to modern ostracodes of the area are based 
on Ulrich and Bassler's work. Considering the 
various problems it was most instructive to study 
the type specimens designated by Ulrich and Bass­
ler, Edwards, and others located at the U.S. 
National Museum, Washington, D.C. To date only 
four Choptank samples have been examined for 
ostracodes, two by Ulrich and Bassler (1904) and 
two by Malkin (1953). 

Ecological data on Choptank ostracodes is as­
sembled in Table 2. 



Table 1: Ecological data on Chop tank foraminifera 

Choptank 
distribution 

..a 
Depth u 00 

'" ~ tt: 
Sur- (in · meters) '" ;:; p:j tt: B 
viva l ~ ~ § 

" Choptank 
Tempera-

1;; S '" ~ 
~. 

of Most Oeca- :- >-4 c env ironmental oJ § 
Species species ture common siona l '" 0 ..; 0 Mode of life Itemarks preference 0 w p:j u 

Bolivina paula C. & 1'. L W 9-183 l ~ R R R Rare in modern seas 
Boliv ina plicatella C. L B, C, M, W, l' 1-50 1-100 Jl 
Buccella depressa A. L 13, C, M, W, T 7-223 ]{ N N A N 
J3uccella mansfieldi (C.) L W 1-1 8 1-92 N N A A A One of the most abun- Very abundant in 

dant in the Chop- lower bay 
tank 

Buli mina elongata d'O. L E 9 R R R R R Preference for cold 
temperature boreal, 
arctic 

Buliminella elegantissima L 13, C, M, W, l' 1-40 1-80 N Jl R R Prefers sandy sub- Prefers sandy sub-
(d'O.) strates strates 

Buliminella subfusiformis L 13, C, i\ I, W, T 4-732 Jl Rare in modern seas 
(C.) 

Cancris sagra (d'O.) L B,C,i\'l, W,T 20-1 20 1-1200 R R R Jl R 
Cibicides floridanus (C.) L W,T 55-1 46 1-339 It R R Jl Jl 
Cibicides lobatulus L E 1-73 A A N A N Commonly attached Grossman (1967) re-

(W. & J.) to objects garded as indica-
tive of borea l and 
arctic. Most abun-
dant foraminifer in 
Choptank 

Dental ina communis d'O. L E 46-4790 R 
Dentalina sp. D R 
Discorbis floridana C. L i\l , W, l' 1-30 1-522 Jl It R R R :Vlostly indicative of 

tropics 
Elphidium advenum (C.) L C,i\I, W,T 1-70 1-117 Jl R Mostly indicative of 

warm water 
Elphidium pneyanum L C, i\l , W, l' 1-18 1-250 R H. H. 

(d'O.) 
Elphidium lucid a W. L A, 13, C, II I 1-55 1-201 R R H. 
Epistominella pontoni (C.) L W H n il lodern occurrence 

very rare and in 
deeper water 

Ulobulina inaequalis R. L :,I, W 1-68 1-193 It l~ R :,lildly indicative of 
mild temperate 

11 anzawaia concentrica (C.) L C, i\ l , \Y, l' 1-80 1-200 It II 11 R R 
Lagena acuticosta R L B 18-1281 n R R 
La~ena clavat~ (d'O.) L 13,1' 6-104 I{ R II II 
Lagena laevis (:' 1.) L A 15-92 15-401 R H. R Occurs in bathyl and Deeper than most 

abyssal of tropics Choptank species 
Lagena substriata IN . L 13, C, i'l l, W, l' 55-2798 11-2798 II R II 11 R Rare in ,,,arm tem-

perate and tropics 
Lagena tenuis (B.) L C, C, ~ l , W, l' 2-50 2-1 42 R R 11 R R 
Lagena sp. A D R R R R R :,la)' be the same as 

Dorsey's (! 948) 
Lagena sp. A 

Lagena sp. 13 D R 
Lagena sp. C D R 
:,Iarginulina sp. A D R 
:,larginulina sp. 13 D R :,Iay be the same as 

Dorsey's (1948) 
:,Iarginulina sp. C 

:,Iassilina glutinosa C. & C. D R It II II R Probably very shallow 
:,Iassilina mansfieldi C. & C. D R Probably shallo,,· 
:,lassilina quadrans C. & P. D R Probably shallo,,· 

:,Iassilina sp. D 11 Probably shallo,,· 
:,liliammina fusca B. L E 13, VS S, VS R II R R 
:\odosaria catesb), d'O. L W,T 4-60 4-433 II Virginia only 
:-\onion marylandicum D. D ~ :\ R ~ It Confined to Chop-

tank Fm. 
:\onion mediocostatum (C.) D :\ :\ 11 It :\ Deeper shelf environ-

ments 
:\onioll pizarl'ense B. L B,C 15-18 A ~ II H. A :,lost abundant in 

deeper Choptank 
assemblages 

:-\onionella auris (d'O.) L 13, C, :'1, W S R It It It Rare in ,,·arm tem-
perate seas 

:\ onionella sp. D II In deeper Choptank 
assemblages 

Pseudopolymorphina D R It It Sandier substrates 
dumblei (C. & A.) 

Pseuclopolymol'phina L VV 27-120 R :\ R R It Occurs consistently 
striata (13.) in Drumcliff 

pYl'go subsphaerica (d'O.) L C,:''!, W,T VS 1-300 11 Virginia only 
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Table 1 (cant' d) 

Choptank 
distribution 

.Q 

Depth '"' ~ '" 1: '" Sur- (in meters) ~ '5 '" 0 
vival 

.., 03 '" Choptank .... 0 

~ >. 
'" E '" of Tempera- Most Occa- > ...:l 0 environmental '" g 

Species species ture sional '" 0 ..; 0 I1lode of life Remarks preference common (.) U'J ~ (.) 

Quinqueloculina contorta L B,C S R 
d'O. 

Quinqueloculina seminuJa L E S 1-90 R N R R Most common cool 
(L.) temperate, boreal, 

and arctic 
Robulus american us (C.) D R R R R R 
Rotalia bassleri (C. & C.) D R R R R R Genus very shallow Most abundant in 

marine to marginal brackish assem-
marine blages 

Sigmomorphina concava L C,M, W 1-40 R R R R 
("I.) 

Sigmomorphina L C S R R 
williamsoni (T.) 

Spiroplectammina exilis D R N R R R Occurs consistently 
D. in Drumcliff 

Spiroplectammina cf. exilis D N Distinctly different 
D. from true exilis 

Spiroplectammina D R 
mississippiensis (C.) 

Textularia candeiana d'O. L B, C, M, \V , T 90-300 18-300 N R R R N In deeper water 
assemblages 

Textularia consecta d'O. D R N N R 
Textularia gramen d'O. L C,II'I, W,T 1-110 N N N R Abundant in Boston Brackish assemblages 

Cliffs Member of 
Eastern Shore 

Textularia ultimainflata D. D R R R R R 
Textularia sp. D R 
Uvigerina sub peregrina L B,C 100-386 26-386 N R R R 

C.& IC 
Valvulineria fioridana C. D A A A N N 
Virgulina miocenica C. & P. D R R R R 
Virgulina punctata d.'O. L B, C,M, W,T 1-40 Preference for warm 

temperate and 
tropical 

Key to symbols: Survival of species: Temperature: Depth: Choptank distribution: 
L-species living A-arctic "I-warm temperate B-brackish R-rare 
D-species extinct B-boreal T-tropical S-shallow N-numerous 

C-cold temperate E-eurythermal VB-very shallow A- abundant 
M-mild temperate 

Table 2: Ecological data on Choptank ostracoda 

Species 

Actinocythereis 
exanthemata U. & B. 

Sur-
vival 

of 
species 

D 

Tempera-
ture 

Actinocythereis aff. L M 
gomillioneusis (H. & E.) 

Actinocythereis aff. D 
mundorffi (S.) 

Actinocythereis sp. 
Aurila laevicula (E.) 

Basslerites tenmilecreek­
ensis P. 

D? 
L 

L 

M, W 

W 

.Q 

Depth '"' '" (in meters) '" ~ .., .... 
'" Most Occa- > 

'" common sional (.) 

R 

2-31 R 

MM-23 R 

MM,3-9 

Choptank 
distribution 

~ -r::l .... 
'5 '" 0 

" 03 0 " '" E ~ ...:l ::l 

0 ui 0 
~ 

R R R 

R R 

A 

R R 

29 

>. 
0 
C 
0 Mode of life (.) 

R 

R 

R 

R 

Remarks 

Reports from modern 
seas are misiden­
tifications 

Abundant only in 
lower bay facies of 
St. Leonard 

Virginia only 
Abundant in brack-

ish facies of Boston 
Cliffs Member of 
Eastern Shore 

Sole modern record 
in northern warm 
temperate (Pam-
lico Sound, N.C.) 

Choptank 
environmental 

preference 

Lower bay 

Brackish assemblage 



Table 2 (cont'd) 

Choptank 
distribution 

..0 

Depth '" ~ '" "E Sur- (in meters) '" iOQ ~ '" B 
" viva I ..., <5 0 " Choptank @ a '" -§ 

>. 
of '!'empera- Most Occa- " ....:l 0 environmental =: § Species species ture common sional OJ Q ..; 0 iVlode of life Remarks preference 0 w iOQ U 

Bensonocytherc whitei (S.) L M,W 3-GI 3-20 1 Jl N Jl R R 
I3ythocythere bifurcata (P.) L W 29-GO Jl Very rare in Chop-

tank 
Campylocythere L M, W,T 1-29 1-375 Jl Jl Jl Il Sandy substates 

lacvissima (E.) 
Campylocythere sp. D Jl Virginia only 
Cushmanidea agricola L lVI, W 12-40 12-332 N Jl R Il N lVlore common in 

(Il. & II.) deeper water 

Cush manidea seminuda L C,M MM-35 13 Il 
assemblages 

Il Il Jl R 
(C.) 

Cush manidea ulrichi L M 1-25 l-lGO A A A A N Possibly warm tem-
(If. & J.) perate; most com-

mon Choptank 
ostracode 

Cyprideis floridana L W,T 
(H.&H.) 

VS, lvlM, n R One assemblage only Brackish 

Cytherella sp. D Il Very rare; Virginia 
only 

Cytherctta bUl"llsi (U. & n.) D N A N A A Common in shallow Shallow marine 
marine waters 

Cytheretta ulrichi P. D It Il Il Il Il Common in shallow 
marine waters 

Cytheridea subovalis D N N N Il N Syn. Clithrocytheri-
(U. & B.) dea diagonalis 

(Malkin, 19.53) 
Cytherois fischeri (Sars) L n, C, lVI, W 1-34 Il Il Phytal Euryhaline 
Cytheromorpha warneri L M,W,'!' I-55 Il N Il Il Il Euryhaline May favor marginal 

Il. &S. marine 
Cytheropteron sp. D N Il Il Il N Deep water Deeper shelf 
Echinocythereis D N Il Il Il N Primarily deeper Deeper shelf 

clm·kana (U. & B.) shelf environments 
Eucythere declivis (N.) L n, C, lVI, W S 7-230 It Il Shallow marine 
Eucythere gibba E. L? W? 130-200? Il Il Il R 
I-faplocytheridea bassleri S. L W IVIM, S 1VI1VI-26 Il R A N Eurhyaline Shallow and marginal 

marine 
Haplocytheridea sp. D It Virginia only 
Ilenryhowella evax L C,M, W,T 155-677 N Il Il Il N Most abundant in Deep shelf 

(U. &13.) Calvert Beach and 
Conoy Members 
as well as Drum-
cliff in Virginia 

Hulingsina ashermani L C, lVI , W 2-40 2-200 N A N A It Salinity tolerant to Clean sand substrate 
(U.&B.) 25% 

Loxoconcha granulata S. L 13, C, IVI 2-38 N A N N N 
Loxoconcha reticularis E. L W 12-50 12-328 Il Il Il N Il 
lVIachaerina ? sp. D It Phytal 
lVI uelierina lienenklausi L B, C,M, W 7-201 N N It N N 

(U.&B.) 
Murrayina howei P. D Il N R N N 
Neocytherideis fasciata L C,M, W 11-232 Il R It Phytal Numerous in upper 

(B.&Jl.) Drumcliff 
Paracypris D It It 

choctawhatcheensis P. 
Paradoxostoma robusta P. D R R It Phytal 
Pokorny ella D R N N N R Very shallow eury-

punctistriata (U. & B.) haline; favoring 
brackish 

Propontocypris howei C. L IVI,W 1-155 R R R Free-swimming Common in Drum-
cliff 

Propontocypris sp. D R Free-swimming 
Pterygocythereis L B,C,M, W 12-238 N R R R A Deeper shelf; mud 

americana (U. & B.) substrate 
Semicytherura coryelli D N N Il N Genus marginal ma- lvlarginal marine to 

(?II.) rine to shallow shelf very shallow shelf 
Semicytherura forulata L M, W,T NIM-40 MM-201 R R ?lIarginal marine to 

(E.) very shallow shelf 
Semicytherura reticulata D R Genus marginal ma- Uarginal marine to 

(E.) rine to shallo\\· shelf very shallows shelf 
Tetracytherura shattucki D R Il R R Shallow shelf 

(U. &13.) 

See bottom of table IV for Key to symbols. 
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Table 3: Ecological data on Choptank gastropods 

Choptank 
distribution 

..<:l 

Depth " '" "' "E tt: 
~ur- (in meters) '" p:) tt: "' U 
vi\'a l ~ <3 '" 0 '" Choptank @ E Q) 

~ 
>, 

of Tempera- lIlost Occa- :> H 0 

'" '" environmental 0pl'cies species ture common sional 0; 25 ...; 0 0 lI Iode of life l{emarKS u lfJ p:) U preference 
- ----

Busycon sp. l) C.lII, IV n Surface dwellin!( CalTion caters 
Caecu m sp. D S H N n N Under stones and in Suspension feeders 

crevices 
Calliostoma sp. D S n H Deposit scraper 
Cancellaria sp. D n Carni vores 
C'repidula fornicata (L.) L 13, C, il l, IV J-2i H Attached in stacks to Suspension feeder 

others of same 

Crepidula plana S. L 13, C,. I, W 
species 

S n Sedentary; attached Suspension feeder 
to dead shells 

C'rucibulum sp. D S Il n Il n Sedentary Suspension feeder 
Ecphora quadricostata D H R II R Probably active 

umbilicata (W.) predators 
Epiton ium sp. D S H H Carnivores 
Fissuridea sp. D VS n Deposit scrapers 
Hastula sp. D n Va~i le, just under Poisons prey 

the sed imen ts 
Lunatia heros (S.) L 13 , C,:l I VS 1-31 N N PlolI's throu~h sedi- Bores hole in prey and 

ment just beneath extracts flesh 
surface 

);' assarius sp. D n Plows along sea fl oor Carrion feeder 
surface 

Polinim duplicatus (S.) L lI I, \\" VS R n n n Plows through sedi- Bores hole in prey and 
ment just beneath extracts fl esh 
surface 

Hhizorus sp. D R Burro\\'s 
Scaphella typa (C.) D R n Burrows in sand 
Siphonalia deYexa (C.) D R Carnivores, scaven-

gers 
Teinostoma sp. D N N Very small and com-

monly overlooked 
Turritell a sp. D A A N A N Vagi Ie, gregarious Ciliary feeders; found 

just below sediment 
surface 

Crosa lpinx cinerea (S.) L C,III, W,B VS n Bores in li \'ing Carnivores 
mollusks 

r ermetus graniferus (S.) D R Sessile Ciliary feeders 

See bottom of table 1r for Key to symbols. 

Table 4: Ecological data on Chop tank bivalvia 

Choptank 
distribution 

..<:l 

'" Depth " '" "E ~ 
Sur- (in meters) '" U p:) ~ '" '" vival ~ <3 0 '" Choptank 6 E '" ~ 

>, 

of Tempera- IIIost Occa- :> H 0 environmental '" g 
Species species ture sional 

0; 25 ...; :3 lIIode of life Remarks preference common u UJ u 

Aligena aequata (C.) D N R Symbiotic with 
annelids 

.-I.nadara staminea (S.) D n N N C R Byssus attached Suspension feeder 

.-I.nodontia anodonta (S.) D N N 1nfaunal lIlucous tube feeder Shallow; sandy sub-
strates 

.-I.nomia aculea ta G. L A, 13, C, III 1-146 N N II R Byssus attached Suspension feeder; 
small and easily 
overlooked 

.-I.polymetis biblicata (C.) D n R l\Iedium depth bur- Infaunal siphon 
rower feeder 

.-I.starte obruta C. D R A Sha llow burrower Suspension feeder; 
genus primarily 
cold water 

.-I.starte thisphila G. D n A Shallow burrolVer Suspension feeder; 
genus primarily 
cold water 

Atrina harrisii D. D N N N Byssus attached, an- Suspension feeder; 
terior end buried life position speci-
in sediment mens in Calvert 

Beach, Drumcliff, 
and Conoy Mem-
bers 

Ca llocard ia subnasuta (C. ) D R R R Shallow infauna Siphon feeder 
Cardita granulata (S.) D N R Byssus attached Suspension feeder; 

shallow \\'ater 
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Table 4 (cont'd) 

Choptank 
dis.tribution 

-" 
Depth " ~ '" "E '" Sur- (in meters) P=I OS '" U 

vival ..., 
"0 § 

~ 
Choptank i;; a '" '-. 

environmental of Tempera- lVl ost Occa- '- ..:l 0 

'" § 
Species species ture sional '" Q c Mode of life I~emarks preference common u Cf.J P=I 0 

Cardita protracta (C.) D It It Byssus attached Suspension feeder; 
shallow water 

Cerastoderma laqueata (C.) D II A n A Lives just below sedi- Suspension feeder by Sandy substrates 
ment-water short siphons 
interface 

Corbula idonea C. D N It A Shallow burrower; Suspension feeder by 
byssus attached short si phons 

Corbula inaequalis S. D N A N A Suspension feeder by 

Crassatella turgidula (C.) D N N 
short siphons 

R Sha ll ow burrowers Suspension feeders; 
prefers cool water 

Crassatella marylandica D N R Shallow burrowers Suspension feeders; 
(C.) prefers cool water 

Crassostrea carolinensis D R A Attached, gregarious, Suspension feeder; 
(C.) above substrate pref ers brackish 

water 
Diplodonta acclinis (C.) D R R R 1nfaunal lVl ucus tube feeder 
Diplodonta subvexa (C.) D N N Tnfaunal Mucus tube feeder; 

frequent in life 

Dosinia acetabula C. D R N R A 
position 

R 1nfaunal: shallow Suspension feeder by Sandy substrates 
water long siphons 

Ensis ensiformis C. D R R N It N Active shallow water Suspension feeder by 
burro\\'er long siphons 

Glossus fratcl'l1us D R N It Shallow infauna Suspension feeder by 
marylandicus (8.) short siphons 

Hiatella arctic a (1.) L E 1-46 1-350 R R R Attached by byssus Siphonate feeder 
lsognomon maxillata (D.) D R A N Byssus attached Suspension feeder; Shallow, brackish 

genus occurs in water 
warm temperate 
and tropical mod-
ern seas 

Lucina crenulata C. D R N R R Substrate burrower i\fucus tube feeder 
Lucinoma contracta (S.) D N N Substrate burro\\'er Mucus tube feeder; 

frequent in life 
position 

Lyropecten madisoni us (S.) D R N R A R Free-swimming Suspension feeder 
lVl acroca lIista mary landica D N N Shallow burrower Suspension feeder (C.) through short 

siphons 
i\Iartesia ovalis (S.) D R A N Bored into valves of Siphonate, suspension 

Isognomon maxi 1- feeding 
lata 

lVlercenaria mel'cenal'ia (1.) L 13, C, M, W 1-11 1-24 R Shallow infauna Siphonate feeding; 
prefers sandy sub-
strate lVlercenaria sp. D R R R Shallow infauna Siphonate feeding; 

Modiolus ducatelli C. D . R R R Byssus attazhed 
suspension 

Suspension feeder; 
prolific in cool 
water 

:\lytilus conradinus d'O. D R R N 13yssus attached Suspension feeder N ucula proxima S. L 13, C,M, W 1-183 R It Shallo\\' burro\\'er Labial palp feeder Panope sp. D n N R N Deep burrower Siphonate feeder; Shalloll' marine 
primarily in cold 
water 

Placopecten marylandicus D N Free-swimming Suspension feeder (W.) 
Pleiorytis centenaria (C.) D R N R 1nfaunal; active Siphonate feeding 

burrowers 
Semele subovata (S.) D N R N Infaunal Siphonate, suspen- Shallol\,; sandy sub-

sion feeder strates Spisula subparilis (C.) D A 1nfaunal Siphon ate, suspen- Sandy substrates 
sion feeder; prefers 
nearshore sandy 
substrates Yoldia laevis (S.) D N R N ;-.,. Infaunal :,Iodern representa- :'1 ud substrates 
tives of genus in 
coolll'ater; labial 
palp feeders 

Key to symbols: Survival of species: Temperature: Depth: Choptank distribution: 
L-species living A-arctic W-I\'ann temperate I-intertidal R-rare 
D-species extinct 13-borea l T-tropical :'DI-marginal marine X-numerous 

C-cold temperate E-eurythermal S-shallow A- abundant 
M-mild temperate VS-very shall ow 

B-brackish 
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Gast1'opoda:-The Choptank Formation is rather 
unexciting for snail lovers, as this class of molluscs 
is sparsely represented. In fact, if all specimens 
of the genus Tur-ritella were removed from the 
fauna, the snails could be described as "rare". 
However, the species Turritella plebeia is so pro­
lific that gastropods as a group are common. This 
one species is far more abundant than all others 
combined. 

Shattuck (1904, pp. xcviii-cvii) lists 82 species 
of snails found by all workers prior to that time. 
In about six months of field study of the Choptank, 
I saw approximately one-third of those listed, 
nearly half of them based on less than a half 
dozen specimens each. Approximately ten species 
occur fairly frequently in the Drumcliff Member. 
In the other four members Turritella plebeia is 
frequent. 

Table 3 summarizes environmental data regard­
ing a number of Choptank gastropods. 
Bivalvia:-Bivalves are much more abundant in 
the Choptank than snails. A very careful strati­
graphic study of these molluscs including impor­
tant taxonomic and distributional data was pre­
sented by Schoonover (1941b) . The following table 
(Table 4) of the more common Choptank bivalves 
includes brief descriptions of their life habits. 

SIZE-FREQUENCY STUDY OF SELECTED BIVALVES 

Size-frequency distributions have the potential 
for increasing the understanding of the paleo­
ecology of fossil organisms. Seemingly, the uni­
formitarian approach of extrapolating principles 
of size-frequency distributions of living popula­
tions to fossil assemblages is the most rational. 
Studies by Crag and Hallam (1963), Craig and 
Oertel (1966), Craig (1967), and Hallam (1967) 
are the most helpful for this approach. 

From their analyses of living populations and 
from the work of population ecologists, such as 
Deevey (1947) and Slobodkin (1961), it is ap­
parent that many complex, interrelating param­
eters function to produce a size-frequency dis­
tribution. In fact, at this stage of development 
these parameters cannot really be adequately iden­
tified in fossil distributions. Hallam (1967, p. 40) 
made the summary statement, " .... information 
is unfortunately insufficient for the rigorous dis­
entanglement of the several variables involved. 

" 
The primary factors considered (Craig & Oer­

tel, 1966, and Hallam, 1967) are recruitment, 
growth-rate, coefficient of variation of growth­
rate, mortality rate, cessation of growth, sorting 
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by water currents, solution of small, thin shells, 
and selective fracturing and crushing of certain 
Rize-grades. (For a discussing of these factors, the 
reader should refer to the two papers cited.) 

Size-frequency distributions of selected Chop­
tank bivalves are presented in figures 25 through 
38. Numbers on the abscissa correspond to bivalve 
height measured in hundredths of a centimeter. 
Class sizes were selected in consideration of the 
data available. Numbers on the ordinate corre­
spond to frequency of observations within class 
intervals. 

For most of the data sources, separate graphs 
were made for right valves, left valves, and com­
bined right and left valves. Comparisons of size­
frequency distribution for opposed valves shows 
no significant diffierence. Minor differences occur 
in more or less accentuated peaks and presence 
and absence of very small peaks on "tails" of 
skewed distributions. This lack of significant vari­
ation suggests no selective sorting of either right 
or left valves, as shown by Lever, et al. (1958 and 
1964) , to occur on beaches. 

One obvious generalization is the lack of the 
smallest sizes of shells. Of course, one problem 
with fossil bivalves is that the larval stage is not 
preserved. Thus the fossil distribution does not 
represent all of the ontogeny. 

This explanation does not seem sufficient to ex­
plain the extreme lack of smaller shells as ob­
served in text-figures 25A and 31A-D. These show 
the distributions for Dosinia acetabula and Mac1'o­
callista rnarylandica both primarily clumped 
around 6 to 8 centimeters. Yet they have very rare 
occurrences of smaller individuals. This type of 
distribution would be interpreted as a "residual 
fossil community" according to the assessment 
procedures of Fagerstrom (1964). However, since 
the deposit from which these distributions came 
have innumerable small shells of other species, 
this does not seem to be a reasonable interpreta­
tion. It might seem more reasonable to suggest 
that these species grew rapidly while young fol­
lowed by a sudden reduction of the rate in the 
large animals. Possibly added to this was an 
increasing mortality rate. 

Growth rings assist the study of Gloss'us /m­
term~s rna1'ylandicus (figs. 25-28). The size-fre­
quency distributions are slightly left-skewed and 
several subtle peaks can be seen (see particularly 
fig. 27F). These peaks correspond to the growth 
rings, except for the peak near 1.0 centimeters 
which must be qualified. For most valves the 
first ring corresponds to the mode, around 2.5 
centimeters. Only a few valves have a ring near 
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Figure 25: Size frequency distributions. Size in centi­
meters along abscissa. Frequency along ordinate. 

A. Right valves of Glossus fraternus marylandicus. 
Glossus-Tu1-ritella bed, upper Drumcliff Member. Locality 
66-4. 

B. Right, left, and double valves of Glossus fraternus 
marylandicus. (Location as above.) 

C. Left valves of Glossus fraternus marylandicus. (Loca­
tion as above.) 

1.0 centimeters. Assuming that the growth rings 
represent cessation of growth in the winter and 
are therefore annular, and that there are two 
waves of recruitment each year (as known in the 
living animals in temperate and colder regions), 
the hypothesis put forward here is that G. f. 1nary­
landiclls had a large spring recruitment followed 
by a small fall recruitment. Initial growth was 
gTeat but rapidly declined. 

The size-frequency distributions for the scallops 
(figs. 26, 29, 30) are quite interesting. The poly­
modal distributions point out the fact that recruit­
ment came in distinctly separated waves. The 
closer spacing of peaks at the right suggests a 
slight slowing of growth. One of the unique quali­
ties of this distribution seems to be the very high 
initial mortality followed by a very low mortality. 
The distributions seem to suggest that the critical 
interval was up to 6 centimeters and that if a 
scallop could live to that size it could live to a very 
old age. Deevey (1947) suggested similar mortal­
ity to oysters and barnacles. Is it just a coinci­
dence that these three organisms are all epifaunal, 
fi lter-feeding invertebrates or is this the char­
acteristic mortality for all in this category? Slo­
bodkin said (1961, p. 36), "Most of the animals 
that have a distinctive larval stage followed by 
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metamorphosis into an adult condition have ex­
tremely high mortality in the young stages or in 
the transition from one mode of life to another." 
This may give some insight into the high initial 
mortality but still leaves unanswered the decreas­
ing mortality and extremely large size of older 
individuals of Lyropecten 1nadisonius. 

A nada1'a stantinea shows distributions that vary 
from being left-skewed to normal to right-skewed 
(figs. 27,28,30,31,32,33,34,35,36). This species 
may be more phenotypically controlled than some 
of the other species. For example, the distribution 
is strongly right-skewed at Boston Cliffs (fig. 30), 
where the Boston Cliffs Member represents a shal-
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Figure 26: Size-frequency distributions. Size in centi­
meters along abscissa. Frequency along ordinate. 

A. Right valves of Lyropecten madisonius. 1 foot 6 inches 
below Drumcliff-St. Leonard contact. Locality 66-6. 

B. Left valves of LY1'opecten madisonius. (Location as 
above. ) 

C. Right, left, and double valves of Glossus fraternus 
marylandicus. 1 foot 6 inches to 4 feet below Drumcliff-St. 
Leonard contact. Localitv 66-6. 

D. Left valves of Giossus fraternus ma1·ylandicus. 6 
inches to 2 feet below Drumcliff-St. Leonard contact. Local­
ity 66-7. 

E. Right valves of Glossus f1'aternus marylandicus. 
Locality 66-7. 

F . Right, left, and double valves of Glossus fraternus 
l1w1·ylandicus. Locality 66-7 . 
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Figure 27: Size-frequency distributions. Size in centimeters along abscissa. Frequency along ordinate. 
A. Left valves of Anadara staminea. Anadara unit in the lower increased macrofossil bed. Boston Cliffs Member. Lo-

cali ty 67-52. 
B. Right valves of Anadara staminea. (Location as above.) 
C. Right, left , and double valves of Anadara staminea. (Location as above.) 
D. Right, left, and double valves of Glossus fraternu s marylandicus. Upper Drumcliff Member. Locality 66-5. 
E. Left valves of Glossus frat ernus marylandicus. Locality 66-5. 
F. Right valves of Glossus f7'aternus marylandicus. Locality 66-5. 
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Figure 28: Size-frequency distributi ons. Size in centimeters along abscissa. Frequency along ordinate. 
A. Left valves of Glossus fraternus marylandicus. 6 inches t o 1 foot 6 inches below Drumcliff-St. Leonard contact. 

Glossus-TwTitella bed. Locality 66-6 . 
B. Right valves of Glossus fraternus ma7·ylandicus. (Location as above.) 
C. Right, left, and double valves of Glossus fraternus marylandicus. (Location as above.) 
D. Left valves of Anadara staminea. Anadara unit in the lower increased macrofossil bed. Boston Cliffs Member. 

Locality 67-66. 
E. Right valves of Anadara staminea. Locality 67-66. 
F. Right, left, and double valves of Anadara staminea. Locality 67-66. 
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Figure 29: Size-frequency distributions. Size in centi­
meters along abscissa. Frequency along ordinate. 

A. Right valves of Lyropecten madisonius. Lower in­
creased macrofossil bed. Boston Cliffs Member. Locality 
67-48. 

B. Left valves of Lyropecten madisonius. (Location as 
above.) 

C. Right, left, and double valves of Lyropecten madi­
sonius. (Location as above.) 

Figure 30 : Size-frequency distributions. Size in centi­
meters along abscissa. Frequency along ordinate. 

A. Right valves of Anadara staminea. Lower increased 
macrofossil bed. Boston Cliffs Member. Locality 66-12. 

B. Left valves of Anadara staminea. (Location as above.) 
C. Right, left, and double valves of Anadara staminea. 

(Location as above.) 
D. Right, left, and double valves of Lyropecten madi­

sonius. (Location as above.) 
E. Right valves of Lyropecten madisonius. (Location as 

above.) 
F. Left valves of L yropecten madisonius. (Location as 

above.) 
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Figure 31 : Size-frequency distributions. Size in centimeters along abscissa. Frequency along ordinate. 
A . Right, left, and double valves of Macrocallista rnarylandica. Lower increased macrofossil bed. Boston Cliffs Mem-

ber. From unit of sample 66-5-25. 
B. Right valves of Macrocallista rna1·ylandica. Lower increased macrofossil bed. Boston Cliffs Member. Locality 66-12. 
C. Left valves of Macrocallista marylandica. Locality 66-12. 
D. Right, left, and double valves of Macrocallista rnarylandica. Locality 66-12 . 
E . Left valves of Anada1'a starninea. Anadara bed from lower increased macrofossil bed. Boston Cliffs Member. Lo­

cality 67-48. 
F. Right valves of Anadara starninea. (Location as Text-fig. 7E.) 
G. Right, left, and double valves of Anadara staminea. (Location as Text-fig. 7E.) 

lower water environment than at any of the other 
localities for the member. Bi-valves are often 
bigger and more robust in shallow water, thus 
tending to make right-skewed, size-frequency dis­
tributions. Again, the polymodal distribution 
likely is indicative of distinctly separated waves 
of recruitment. These may be preserved as a result 
of the special mechanism of shell concentration , 
described later in this paper. 

Size-frequency distributions for Asta1·te obnlta 
(fig. 37) and C1'CIssatella 1lw1'ylanclica (fig. 38) 
from Boston Cliffs are essentially the same but 
with larger adults of Cmssatella. Both distribu­
tions are strongly right-skewed and have almost no 
individuals larger than the adult mode. This pat­
tern is very similar to the A nadara staminea popu­
lation (fig. 30) at this same locality. Infant 
mortality was probably very low yet adult mortal­
ity was likely very high. This type of distribution, 
as suggested above, may be phenotypically con­
trolled as a result of this very shallow environ­
ment. This configuration possibly resulted from 
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selective sorting particularly relating to the origin 
of the shell beds. A mechanism is suggested later 
in this paper for the genesis of these deposits 
which may in fact remove some of the smaller 
shells. Yet, inasmuch as the deposit contains many 
small molluscs, ostracodes, and foraminifers it 
seems somewhat risky to ascribe to a hypothesis of 
selective sorting. 

ORIENTATION DATA 

The direction of the apical end of Turritella 
plebeia shells was measured at five localities of the 
Drumcliff Member, and the data are presented in 
the form of rose diagrams (figs. 36, 39). Potter 
and Pettijohn (1963) have summarized interpre­
tations of directional data. 

Visual inspections of the snails in the outcrops 
gives the impression that they are randomly 
oriented. However, the plotted data reveal some 
opposed modes. For instance, in figure 39 a west 
mode is opposed by an east mode and a north­
northwest mode opposed by a southeast mode. 



Experimental studies, e.g., Kelling and Williams 
(1967), indicate that the current direction is par­
allel to the bisector of the angle made by opposed 
modes or perpendicular to modes if they are 
directly opposed. 

None of the TU1'rit ella distributions show un­
equivocally a single current direction. However, 
there does seem to be a general trend in the Cal­
vert Cliffs data (figs. 36, 39) indicating a north­
east-southwest current. Because this direction 
parallels the depositional strike, the current may 
have been longshore current. There also seems to 
be some indication of a north-south current. In 
the Breton Bay data there appears to be evidence 
for northeasterly, easterly, and south-easterly 
flowing currents. 
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One significant problem deserves mention. Meas­
uring a random population from unconsolidated 
sediments is difficult. Study of fossils in lithified 
sediments is aided by the use of bedding-plane 
surfaces, but in unconsolidated sediments speci­
mens are found on vertical surfaces. Even if an 
investigator concentrates on taking a random 
sample it is still easier to see a specimen parallel 
with the outcrop face than one perpendicular to it. 
It may be simple coincidence or it may be simple 
bias, but every direction graph in this paper shows 
prominent modes parallel with the face of the 
respective outcrops. Techniques for random sam­
pling of directional properties will have to be 
developed to ensure credibility of data from un­
consolidated sediments. 
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Figure 32: Size-frequency distributions. Size in centimeters along abscissa. Frequency along ordinate. 
A. Right, left, and double valves of Anadara staminea. Lower Drumc1iff Member. Locality 66-5. 
B. Left valves of Anadara staminea. Anadara bed of upper Drumc1iff Member. Locality 66-6. 
C. Right valves of Anadara staminea. Locality 66-6. 
D. Right, left, and double valves of Anadara staminea. Locality 66-6. 
E. Right, left, and double valves of Anadara staminea. 1 foot 6 inches to 6 feet below Drumcliff-St. Leonard contact. 

Locality 6.6-6. 
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Figure 33: Size-frequency distributions. Size in centi­
meters along abscissa. Frequency along ordinate. 

A. Right valves of Anadara staminea. Anadara bed of 
lower increased macrofossil bed. Boston Cliffs Member. 
Locality 67-5l. 

B. Left valves of Anadara staminea. (Location as above.) 
C. Right, left, and double valves of Anadara staminea. 

(Location as above.) 

Accompanying the rose diagrams are four 
graphs (fig. 40) of the inclination of specimens of 
TWTitella . Figure 40 also shows whether the 
apical tip was up or down. These serve to show 
the strong tendency for flat-lying specimens. 
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INTERRELATIONSHIPS OF CHOPTANK ORGANISMS 

Interrelationships were undoubtedly as complex 
among organisms of the Choptank as among or­
ganisms living today. Ecologists are increasingly 
aware of symbiosis, commensalism, parasitism, 
and competition among the living biota. They have 
an enviable advantage over the paleo ecologist in 
identifying and understanding these relationships. 
Yet, most of the conclusions about living animals 
have come from laboratory investigations. Of 
course, the student of fossilized remains cannot 
observe this type of laboratory phenomenon in 
ancient life. 

The prime prerequisites for identifying inter­
relationships of the past are either to find the 
fossils associated consistently in some arrange­
ment or to see preservable marks left on a fossil 
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Figure 34: Size-frequency distributions. Size in centi­
meters along abscissa. Frequency along ordinate. 

A. Left valves of A nadara staminea. Boston Cliffs Mem­
ber. Specimens from sample unit 66-5-25. 

B. Right valves of Anadara staminea. (Location as 
above .) 

C. Right, left, and double valves of Anadara staminea. 
(Location as above.) 
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F igure 35 : Size-frequency distributions. Size in centimeters along abscissa. Frequen.cy along ordinate .. 
A. Right, left, and double valves of Anadara staminea. Lowest 1 foot of Boston ClIffs Member. Locahty 66-5. 
B. Right valves of Anadara staminea. (Location as above.) 
C. Left valves of Anadara staminea. (Location as above.) 

by its comrade or enemy. This latter type of evi­
dence is most easily recognized and probably holds 
the best hope for future analysis. A fine, pioneer­
ing work on general shell markings was presented 
by Boekschoten (1966 , 1967). 

More intensive study, specifically on boreholes 
of naticid and muricid snails, was undertaken by 
Carriker and Yochelson (1968). In the same year 
Carter also discussed predation of bivalves as 
related to paleoecology. 

Foraminifera: Of the Foraminifera, only Cibicides 
lobatulus was seen in obvious association with 
other organisms. The shape of the dorsal side of 
this species strongly suggests that most individuals 
lived attached to objects. In fact, specimens were 
found attached to the external surface of bivalves, 
particularly epifaunal bivalves. The highest degree 
of association found was the scallops. If C.lobatulus 
was attached to the living scallop, it may have 
derived a feeding advantage from life on a free­
swimming invertebrate. Of course, the foramin­
ifer may have used the shell as a place of attach­
ment after the death of the host. At any rate, 
attachment during or after the life of the bivalves 
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could scarcely be considered deleterious to the host 
but also of no advantage. This must be considered 
then as an example of commensalism. 
Porifera: The sponge Cliona left its distinctive 
small borings in Choptank bivalves, but showed 
preference for specific hosts. All sponge borings 
are found on epifaunal molluscs. The most strongly 
attached were the shells of the oyster, Crassostrea 
carolinensis . Many of the oysters, particularly 
those in the Boston Cliffs Member along the Chop­
tank and Patuxent Rivers, are heavily riddled. 
Some limpet, scallop, and Isognomon shells have 
also been converted into sievelike objects. 

It is particularly interesting that the Choptank 
shells of infaunal molluscs do not show sponge 
borings. As Boekschotten (1966) pointed out, any 
calcareous shell lying on the sea floor of the 
continental shelf is undoubtedly destined for 
sponge boring. This has special significance for 
the Choptank Formation, which in the two major 
shell beds contains millions of flat-lying, calcare­
ous, infaunal bivalves that have not been riddled 
by sponges. Seemingly, these valves could not 
possibly have accumulated "normally" on the sea 
floor. 
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Figure 36: Size-frequency distribution and orientation 
data. Size in centimet ers along abscissa. Frequency along 
ordinate. Orientation data grouped in 20 ° classes. Marks 
along North axis each correspond to one observat ion. 

A. Orientation of TU?'ritella plebeia. Glo ssus-Turritella 
bed of upper Drumcliff Member. Locality 66-6. 

B. Right valves of Anadara staminea. Anadara bed of 
lower increased macrofossil bed. Bost on Cliffs Member. 
Locality 66-9. 

C. Left valves of A nadara stamin ea. Locality 66-9. 

Additional ecological information on Cliona in­
dicates that the sponges avoid the heavy water 
movement and sedimentation of beach and near­
beach environments . Boekschoten (1966, p. 349) 
wrote: "Cliona is a marine sponge; only one 
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occurrence in slightly brackish water is recorded 
from the coast of North Carolina. . . . Because 
calcareous substrata are less frequent in deeper 
water, the sponge is somewhat rarer below 200 m. 
It occurs at least down to 927 m." 
Annelida: Marine annelids bore characteristic 
small tubes in shells. The best-known boring poly­
chaete is Polydora, which excavates short, U­
shaped, irregular tubes in shells. About the genus, 
Boekschoten said (1967, p. 353 ) that it "is re­
stricted to shallow waters; a record from 52 m. 
depth near Helizoland is a lready very deep." Addi­
tionally he said, " Polydora is more prevalent below 
low water mark, on soft and muddy bottoms and 
in areas of low salinity." 

Another inter esting observation of Boekschoten 
(1966, p. 358 ) is that "there also is a difference in 
length of the tunnels, dependent on the substra­
tum." Apparently, the tubes on living infaunal 
bivalves ar e about one-half as long as those on 
shells free on the sea floor . On Choptank infaunal 
bivalves the t ubes ranged in length from about 
0.1 to 0.2 centimeter while tubes on epifaunal 
scallops were as long as 1.0 centimeter. 

In a discussion of the manner in which Polydora 
encounters its host Boekschoten (1966, p. 354) 
said, 

"Cardium lives directly below the sediment, 
with the posterior part of the shell (f rom which 
the siphons issue) t urned upward. When Poly­
dora start s burrowing in the sediment this side 
of the shell is always encountered first. Thus all 
Cardium shells with bored post erior were at­
tached in living position .... only dead, loose, 
allochthonous specimens are bored all over the 
shell." 

Of course, this is what we would intuitively ex­
pect, but with this insight it is difficult to under­
stand the history of some shells collected from the 
Drumcliff Member at its type locality and some 
from the Boston Cliffs Member at its type locality. 
Some shells of Mercenaria campechiensis cuneata, 
M. mercenaria, M. plena, and Macrocallista mary­
landica, all infaunal bivalves, have concentrations 
of Polydora tubes centralized on the extreme an­
terior end. Apparently, the living habits of this 
boring annelid are imperfectly known. 
Bryozoa: Animal interrelations involving Chop­
t ank bryozoans exist in two categories . The first 
a nd more commonplace are encrustations on 
bivalve, snail , and barnacle shells. Most examples 
of this type are found on the exterior surface of 
epifaunal shells, e.g., scallops, barnacles, and 
oyst er s. In general, encrust ations on internal sur-
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Figure 37: Size-frequency distrihutions. Size in centimeters along abscissa. Frequency along ordinate. 
A. Right, left, and double valves of Astarte obruta. Lower increased macrofossil bed. Boston Cliffs Member, Locality 

66-12. 
B. Right valves of Asta?·te obruta. (Location as above.) 
C. Left valves of Astarte obruta. (Location as above.) 

faces are rare, but this is the mode of occurrence 
on nearly all infaunal bivalves. Usually these shells 
are also more WOl'll. In light of the fact that on 
model'll, shallow ocean floors nearly everything 
fl'om loose shells to beer bottles are encrusted by 
brozoans, it seems valid to conclude that very few 
infaunal molluscs were lying loose on the Chop­
tank sea floor. 

The second major category of bryozoan associa­
tion is in the form of small bore holes. Boekscho­
ten said (1966 , p. 366), "The traces left by Electra 
lIIonostachys in a shell consist of shallow oral 
depressions which are arranged in rows. The lat­
ter generally show a dendritic pattern." Electm is 
predominantly marine and sometimes brackish. 
Subtly defined pits characteristic of this genus 
were seen on only one Chop tank shell. 
Mollusca: The most common markings on Chop­
tank shells are snail boreholes, primarily the work 
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of naticids. The second most common snail in the 
Choptank, Lunatia he1'os, is an efficient borer. The 
snail plows about just beneath the surface of the 
sea floor in search of prey. It wraps its large mas­
sive foot around the victim and begins a two­
phased drilling program as described by Carriker 
and Yochelson (1968, p. 135). 

In the chemical phase an accessory boring organ 
secretes an acid substance which acts on the shell 
at the site of penetration. In the mechanical phase 
the radula rasps off the weakened shell as minute 
flakes which are swallowed. Only the radula moves 
freely about the borehole. The description of the 
naticid borehole as a "truncated spherical parab­
oloid" fits the Choptank boreholes well. Of course, 
the goal of the snail is to consume the flesh of the 
host. This is the best example of predation in the 
Chop tank. 

3 

3 



This basic understanding of the predation proc­
ess raises two interesting problems. The first of 
these involves boreholes of the geometry described 
by Carriker and Yochelson (1968) in valves of 
Choptank ostracodes. It is difficult to comprehend 
why snails would prey on such small victims. Even 
for very small snails it would intuitively seem that 
the nourishment derived would not sufficiently re­
plenish the energy expended. 

The second problem is trying to explain why 
large numbers of scallops are bored by snails. The 
naticids plow around under the sea floor, while 
scallops enjoy a free-swimming existence. The 
question is, where does the predator meet the 
prey? When a dead scallop sinks to the bottom, 
the adductor muscle relaxes, and the valves open. 
Since the snails are known to search for the best 
location for drilling, it would be obvious that a 
week of drilling would be unnecessary. A second 
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possibility is a scallop resting on the bottom found 
by the snail. However, the swimming ability is 
considered to have developed for the express pur­
pose of escape from predation by invertebrates. 
With one quick "flap" of the valves the scallop 
should be able to escape the snail. I suggest that 
the scallops were buried alive by the passing of 
marine swell and became easy prey for the rapa­
cious naticids. This proposed mechanism is dis­
cussed in much greater detail in the section on the 
origin of the shell beds. 

In addition to the naticids some rare muricids 
occur in the Choptank. These are also boring snails 
and are discussed by Carriker and Yochelson 
(1968). Their characteristic boreholes were not 
seen in any of the Choptank material, however. 

Associations involving Chop tank bivalves are in 
two categories. The first is more of an inferred 
association. Erycinacean bivalves, of which Ali-
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Figure 38: Size-frequency distributions. Size in centimeters along abscissa. Frequency along ordinate. 
A. Right, left, and double valves of Dosinia acetabula. Lower increased macrofossil bed. Boston Cliffs Member. Lo-

cality 66-12. 
B. Right valves of Crassatella marylandica. (Location as above.) 
C. Left valves of Crassatella ?narylandica. (Location as above.) 
D. Right, left, and double valves of Crassatella marylandica. (Location as above.) 
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The second type of bivalve association involves 
the small bivalve Martesia ovalis which bores into 
the large, thick valves of the epifaunal bivalve 
/ sognornon rnaxillata. The relationship appears to 
be commensalistic with the shell of the host serv­
ing as a home for Martesia. /sognornon initially 
has thick shells but also has the ability of the 
"pearl-making" bivalves to secrete coats of nacre 
on sources of irritation. In spite of extensive bor­
ing in some valves it appears that /sognornon was 
able to maintain the interior as his exclusive do­
main. The host specificity shown by Martesia was 
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Figure 39: Orientation data. Grouped in 20° classes. C 
Marks along North axis each correspond to one observa-
tion. All specimens measured are Turritella plebeia. 

A. 3 feet 6 inches below Drumcliff-St. Leonard contact. 
Locality 66-5. 

B. Drumcliff Member. Localitv 66-34. 
C. Drumcliff Member. Locality' 66-36. 
D. Drumcliff Member. Specimens from sample unit 66-

4-1. 

gena aequata is a member, are commensalistic 
with various hosts. Living species of the genus 
mentioned are known to live with marine annelids 
in their burrow. As Boss explained (1965, p . 190), 
"The relative immobility of the hosts facilitates 
simple attachment or association by the commen­
sal and the currents created by the processes of 
filter feedin g generate a favorable environment 
for the small mollusks, which are themselves filter 
feeders." Apparently the host is not harmed by 
the relationship. 
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Figure 40: TU1'ritella plebeia inclination data. Grouped 
in 10° classes. Marks along 0° axis each correspond to 
three observations. 

A. Inclination of shells from horizontal position. 3 feet 
6 inches below Drumcliff-St. Leonard contact. Locality 
66-5. 

B. Inclination of shells from horizontal. Glossus-Turri­
tella bed of upper Drumcliff Member. Locality 66-6. 

C. Inclination of apical tin of shells from horizontal. 
Drumc1iff Member. Localitv 66-34. 

D. Inclination of apical' tip of shell s from horizontal. 
Drumcliff Member. Locality 66-36. 



very strong, although its borings were found in 
four other valves. One oyster, two Anadara, and 
one, well-worn Mercena1'ia were found with Ma1"­
tesia borings, but no well-preserved infaunal 
organisms were attacked. 

The ubiquitous barnacle, Balanus concavus, 
lived attached to exposed objects, e.g., loose shells 
and epifauna. In li ght of the knowledge that mod­
ern barnacles attach to nearly all hard objects in 
the sea, their very rare presence on infaunal, 
shelled animals suggest s these potential attach­
ment sites were never exposed above the sediment­
water interface. The occurrences of gigantic as 
well as smaller specimens of Balanus are common 

on scallops. The barnacles show a definite prefer­
ence for alignment parallel to the outer margin 
and very near to it, and somewhat surprisingly 
are nearly always on the lower valve. Considering 
th e fact that large, ocean vessels and pleasure 
yachts are periodically forced into "dry dock" for 
removal of barnacles, it seems that Balanus must 
have upset the hydrodynamic qualities of the 
Choptank scallops to a considerable degree. It is 
difficult to imagine the association of Balanus with 
LY1'opecten not being somewhat harmful to the 
host. Choptank oysters are also found with barna­
cles attached, but these are usually small. 

PALEOSYNECOLOGY 

This section deals with the ecology of fossil 
assemblages and their paleoenvironmental signifi­
cance. For convenience the discussions of paleo­
synecology are grouped according to member. 

CALVERT BEACH MEMBER 

According to Gibson (1962, p. 63) the lowest 
Choptank represents warmer and shallower water 
environments than the upper Calvert Formation. 
Although I have not investigat ed the Calvert For­
mation, my data from the lowest Calvert Beach 
Member of the Choptank at the type locality (sam­
ple 67-65-2) suggest cooler and deeper water than 
Gibson postulated for beds at Governor Run. His 
fauna contained the first Maryland Miocene occur­
rence of three warm water species, T extularia 
gmmen, Angulogerina occidentalis, and Elphidiwn 
advenwn. My faun a contained none of these but 
<:ontained two other warm species, Discorbis 
floriclana and Pseuclopolymorphina striata. How­
ever, Gibson also reported the latter species from 
the Calvert, so that in the present study only one 
add itional warm foraminifer is known to occur at 
the base of the Choptank. 

With regard to the depth range between forma­
tions, Gibson reported that fi ve new shallow­
water species fi rst appeared in the lower Chop­
tank. Only one of these occurred in sample 67-65-2, 
an d that was present in less than one percent of 
the foraminiferal assemblage . However, two of 
the five most abundant species are considered to 
be most common in deeper water. Empirical evi­
dence in this study has shown T e,ctula1'ia candei­
ana and N onion piZa1TenSe to be most numerous in 
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assemblages with large percentages of the deeper­
water ostracodes. Supportive evidence for deeper 
occurrences of T extula1'ia cancleiana is found off 
the present coast of New England, where Phleger 
(1952) found this species confined to a depth zone 
bounded by 90 and 300 meters. 

The ostracode assemblage in 67-65-2 suggests 
the deepest, coldest environment in the lower four 
members of the Choptank. Three of the five most 
abundant ostracodes, including Henryhowella 
evax , Echinocythereis clarkana, and Cytherop­
te1'on sp., are all considered to indicate deep water. 
In fact, the second most numerous, H. evax, has a 
known modern depth range of 155 to 677 meters. 

Most of the ostracodes are found in cold water . 
Cushmaniclea se11'l,inuda, Loxoconcha granulata, 
and Actinocythe1"eis aff. A. gomillionensis are con­
fin ed to cold temperate or colder water; and Cush­
maniclea ulrichi is primarily found in cold water. 
The only exclusively warm-water species found 
was Loxoconcha reticularis, making up less than 
one percent of the assemblage. 

The snail TU1Titella plebeia is the dominant 
mollusc in the lower Calvert Beach Member. 
Specimens occur in lenticular and tabular clumps. 

As mentioned previously, my approach to paleo­
environmental reconstruction in this study is 
primarily through direct extrapolation of ecologi­
cal information from the present to the past. 
Additionally, the interpretations result from anal­
ysis of functional morphology. These are the main 
factors considered in establishing the paleoen­
vironments li sted below for the various parts of 
the Chop tank. 



The basal sediments of the Calvert Beach Mem­
ber at its type locality appear to have accumulated 
in about 45 to 60 meters of open ocean water. 
Biogeographically, the organisms indicate occur­
rence in a cold temperate province, possibly 
similar to the conditions existing today off the 
Atlantic Coast of southern Delmarva Peninsula. 

Probably, Gibson's sample at Governor Run was 
taken from a group of sand lenses and stringers 
shown in fig. 2. These local deposits represent 
much shallower conditions than sediments in 
sample 67-65-2. My sample 67-53-1 from Governor 
Run contains the first Chesapeake Group appear­
ance of certain warm water species, that were 
previously listed by Gibson. His suggested intro­
duction of Te;rtularia gram en is strongly sup­
ported by sample 67-53-1 in which this species is 
the third most abundant foraminifer. 

The warm-water ostracode Haplocytheridea 
ba,ssle1'i also appears in the sand lenses at Gover­
nor Run. Of the five most abundant Ostracoda at 
both localities, only C11shmanidea Ul1'ichi is com-

mon to the two. The remammg four species at 
Governor Run are all very shallow water orga­
nisms, whereas the remaining four at Calvert 
Beach are much deeper. The sandy units at Gover­
nor Run were probably deposited in 15 to 25 
meters of the open sea. 

This same type of shallow-water sand lens 
occur from Governor Run updip to Parker Creek, 
the northernmost Choptank appearance in the 
Calvert Cliffs. Sample 67-74-4 from the finer­
grained sediments of the Calvert Beach Member 
at Parker Creek is definitely from deeper water 
than the sand lenses. Uvigerina subperegrina and 
Pterygocythe1'eis ame1'icana, a deeper-water for­
aminifer and ostracode respectively, are abundant 
faunal elements. 

The upper Calvert Beach Member at Pawpaw 
Hollow appears representative of shallower water 
conditions. In sample 66-35-1, Cibicides lobatu lus 
strongly dominates the foraminiferal assemblage, 
certainly suggesting shallow, inner shelf condi­
tions. The most abundant ostracodes are Cush-

Figure 41: Organisms occurring in the Calvert Beach Member. The following illustrations show reconstructions of the 
life habits or occurrences: 1, lucinid bivalve; 2, Turritella plebeia; 3, Ensis ensiforrnis; 4, Glossus fraternus rnarylandicus; 
5 M ercenaria sp.; 6 polychaete worm; 7, Lyropecten rnadisonius, free swimming; 8, loose shells of epifaunal bivalves; 9, 
c~·ab. (In part after' Abbott, 1954; Allen, 1958; Ansell, 1961; Fretter and Graham, 1962; Keen, 1958; Mac Ginitie and Mac 
Ginitie, 1949; Tebble, 1966; Yonge, 1949b). 
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manidea UlTichi, MU1'1'ayina maTtini, Cushmanidea 
agricola, and CytheTetta burnsi with other very 
shallow ostracodes such as A u1'ila laevicula, Cy­
thm'omorpha 'Wa1'neTi, Poko1'nyella punctist1'iata, 
and Smicythenl1'a coryelli. 

The microfauna indicates a shallowing and 
warming trend through the Calvert Beach Mem­
ber, Probably these two factors are interrelated, 
as shallower waters even at the same latitude are 
warmer, Inasmuch as most of the microfauna 
indicates cold temperate seas but a few species 
suggest warmer water, the sediments of this 
member were probably deposited in conditions 
similar to that found today off the southern Del­
marva Peninsula where the mean annual surface­
water temperature is approximately 15°C, 
(Ekman, 1953, p. 57). 

Macrofauna is scarce in the Calvert Beach 
Member. However, a few well-preserved life as­
semblages occur at Calvert Beach, Maryland (fig. 
41) . The organisms are predominately shallow to 
medium depth burrowers and infaunal plowers. 
Cheilostome bryozoans and rare small scallops are 
the only epifaunal animals . 

The macrofauna is dominated by the ubiquitous, 
gregarious snail TUTTitella plebeia (fig. 7). Of 
particular interest are the severallucinid bivalves, 
double-valved and in their characteristic living 
position. Allen (1958) indicated that the Lucina­
cea were successfully adapted to conditions in 
which food was at a minimum and where the 
oxygen content of the substrate was very low. He 
also observed that they tended to live in substrates 
possessing a very sparse fauna and often several 
species of Lucinacea occur together. This insight 
into the lucinid habitat may help to explain the 
predominantly turritellid-lucinid communities at 
Calvert Beach. 

This member also contains numerous biogenic 
sedimentary structures most of which do not 
appear to have been made by bivalves (fig. 8). 
Probably marine, polychaete worms were also 
significant members of the Calvert Beach fauna. 
One striking characteristic of these burrows is 
that they are nearly all inclined or horizontal as 
opposed to vertical. McAlester and Rhoads (1967) 
suggested that horizontal burrowing is character­
istic of deeper subtidal environments. This corro­
borates the microfaunal evidence. 

DRUMCLIFF MEMBER 

The shell beds of this member continued the 
shallowing trend of the Calvert Beach Member. In 
general, these deposits require a special explana­
tion as to their nature and origin and are treated 
in another section of this paper, 
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The lowest Drumc1iff shell beds in St. Marys 
County, however, do not need to be explained by a 
special mechanism. They are peculiar in that the 
dense accumulation of shells occurs in a continua­
tion of the dusky blue, very muddy, very fine sand 
typical of the Calvert Beach (fig, 9). The organ­
isms which produced these accumulations were all 
epifaunal, living attached to the hard substrate 
provided by this dense mud, attached to other 
organisms, or freed from substrate control by a 
swimming existence. In a slow-sedimentation 
environment dead animals could make up large 
parts of the substrate without impeding develop­
ment of future epifaunal generations. They would 
merely create new places of attachment, 

The most important fossil in these beds is the 
bi valve I sognomon maxillata, which frequently 
is the host for the boring bivalve MaTtesia ovalis. 
Of lesser importance are the ahermatypic coral 
AstThelia palmata, the inarticulate brachiopod 
Discinisca lugub1'is, the scallops Placopecten 
ma1'ylcmclicus and LYT01Jecten maclisonius, and the 
barnacle Balanus concavus. 

Additionally, the abundant epifauna is in itself 
an indication of the shallowing water. This mode 
of life is more common in shallow water than in 
deep and more common in warm water than in 
cold. 

The microfaunal assemblages studied from 
these deposits are quite unusual. The Foraminifera 
are greatly dominated by Cibicicles lobatulus. 
North of Cole Creek this species makes up 94 
percent of the Foraminifera, and at Sotterly, 
Maryland, it makes up 93 percent. Modern assem­
blages that are so strongly dominated by hyaline 
species are nearly always found in normal-to-high 
salinity, marginal-marine environments. The os­
tracode assemblage dominated by Hulingsina 
ashennani, P07coT11.yella punctistTiata, and Cy­
theTomoTpha wa1'nm'i indicates a very shallow 
environment, as well. 

The basal Drumcliff beds along the Calvert 
Cliffs are not the same as along the Patuxent 
River. The sediment found along the Calvert Cliffs 
is a much better sorted sand with very little mud, 
The same fossils are present but many infaunal 
molluscs are mixed in. The basal beds here are 
much more typical of the member as a whole and 
are considered to have been created by the mecha­
nism responsible for concentrating Choptank shell 
beds. 

Most of the Drumcliff Member consists of alter­
nating beds of increased number and size of 
densely packed shells with beds of reduced number 
and size of less densely packed shells. The macro­
fauna is very diverse and well preserved. Epi­
faunal specimens and species of snails are very 



abundant. In addition, the burrowing Veneracea 
and Pholodacea are very common. Also Pol?Jdom 
shell borings are abundant at some localities. All 
of these general characteristics of the macrofauna 
suggest very shallow marine environments for the 
Drumcliff. 

Macrofaunal assemblages of this member are 
typically dominated by the snail Turritella plebeia 
with Lunatia her'os usually the second most abun­
dant gastropod. Thorson (1957) discussed and 
listed many marine bottom communities, and in 
his cold water communities the most common 
snails were TUTr'ite lla and Lunatia. The dominance 
of cold-water snail assemblages by these two 
species is probably a result of their infaunal life. 
This is contrary to the epifaunal life of most 
prosobranchs. 

Assemblages of this member compare closely 
with Thorson's (1957) "Venus" communities in 
the cold water of the North Atlantic. In his 
"Venus" (= Mercena1'ia) -S]Jisular-Turritellar­
"Pol?Jnices" (= Lunatia) community an increase 
in loose sand would produce an increase in the 
number of individuals of Spisula and TUTr'itella. 
This situation is a parallel of the Drumcliff as­
semblages where a great deal of loose sand occurs 
with a corresponding predominance of TUr?'itella 
and Spisula. 

The most common Drumcliff Foraminifera, in 
order of abundance, are Cibicides lobatu lus, Val­
vulineTia jio1'idana, and TextulaTia gramen, all 
shallow shelf organisms. Ostracode assemblages 
are not as strongly dominated but clearly the most 
important species are Hulingsina asheTmani, 
Cushnwnidea Ul1'ichi, C?Jthe1'etta bw'nsi, and Loxo­
concha gmnulata, a typical shallow shelf assem­
blage, 

In applying the knowledge of these assemblages 
of micro- and macroorganisms to physical aspects 
of the environment, the Drumcliff Member must 
have had a very shallow marine origin, with a 
probable depth range of 8 to 25 meters . Of course, 
it is reasonable to assume that down dip in the sub­
surface the unit should have been deposited in 
deeper water. 

The only outcrop exception to a very shallow 
marine interpretation is that found in the Nomini 
Cliffs of Virginia. Here the member contains very 
thin shell beds, and the microfauna suggests a 
distinctly deeper water environment than that for 
the Maryland Drumcliff. Four deep water ostra­
codes, H em'?Jhowella evax, Echinoc?JtheTeis cla1'k­
ana, Pte1'ygocythereis amer'icana, and Cythe1'op­
teron sp., constitute 26 percent of the assemblage. 
This deeper water suggestion is echoed by the 
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Foraminifera with an increase in Lagena spp. and 
Nonion spp. and a drastic decrease in the impor­
tance of Cibicides lobatulus. The Drumcliff Mem­
ber in the Nomini Cliffs, such as it is, appears to 
have been deposited in about 35 to 50 meters of 
open ocean water. This somewhat different en­
vironment may help to explain the atypical out­
crop expression. 

Some unique shell beds appear in the upper 
Drumcliff Member from just north of Calvert 
Beach to just south of Parker Creek in the Calvert 
Cliffs. Typically, the shells of this member have a 
very jumbled appearance or at least have been 
concentrated in an unusual manner. Such is not 
the case with the upper few inches to four feet in 
the member north of Calvert Beach. Here lenses 
and other discontinuous beds with fairly well 
sorted to muddy sand contain discrete assemblages 
of infaunal molluscs, and some lenses with only 
well-sorted, fine to medium sand are barren of 
macrofossils, Most of the bivalves are double­
valved and excellently preserved. Some of the 
various molluscan associations are: TurTitella, 
TWTitella-Glossus, Glossus-TU1Titella-CoTbula-Ce-
1'UstodeTma-CTassatella, G lossus-TUTTitella-C ems­
tocle1'ma-Astarte, A nadara-AstaTte-Glossus, A na­
dam, Asta1'te, and Anadara-Astar'te. 

Cursory and detailed examination of various 
microfaunal assemblages from these beds revealed 
very few specimens. Of those found, the predomi­
nant fO ::Jsils are indicative of shallow water. 

The discontinuous nature of the beds, the well­
sorted sand, the discrete shallow-water, infaunal 
molluscan associations, and the rare shallow-water 
microfossils are all strong evidence of extremely 
shallow-water marine environments. This shifting 
sand substrate probably occurred in less than 10 
meters of sea water. 

ST. LEONARD MEMBER 

At the same localities, north of Calvert Beach, 
an undulating, heterogeneous bed of mixed fossils 
and sediments occurs as a transition unit between 
the Drumcliff and St. Leonard Members. The lat­
ter, unlike any other member of the formation, 
decreases in thickness in the down dip direction. 
Even more interesting is the fact that the blue, 
muddy units measuring 20 feet thick in the Cal­
vert Cliffs are correlated with a brown sand 
measuring only 4 feet thick along St. Leonard 
Creek only 3 miles to the southeast. 

A profile was established along the "blue clay" 
in the Calvert Cliffs by examining samples from 
this member at Parker Creek, the type locality at 



the Matoaka Cottages, Flag Ponds, and at Point 
of Rocks. In all samples the predominant foramin~ 
ifer is Buccella mansfieldi. The most interesting 
characteristic of its distribution is the decrease in 
abundance and faunal dominance in the downdip 
direction. At Parker Creek the species comprises 
77 percent of the foraminiferal assemblage, 
whereas, at Matoaka and Flag Ponds it is about 55 
percent and at Point of Rocks it makes up 28 per­
cent of the Foraminifera. The first three occur­
rences, particularly the first, are unusually large. 
Faunal dominance to this degree is typical of 
marginal-marine environments. 

At the two most northern localities the most 
numerous ostracode is Actinocythereis aff. A. 
mundorffi, which was found nowhere else in this 
investigation. A little over half of sample 67-74-9 
at Parker Creek and about one-quarter of sample 
66-6-14 at Matoaka are made up of this species. 
However, in the next sample downdip at Flag 
Ponds Actinocythereis is totally absent with Hap­
locytheridea bassleri the most abundant ostracode 
here. This latter species is a marginal-marine to 
very shallow marine animal. In the last sample 
downdip the most common forms are Hulingsina 
ashermani and Cushmanidea Ul1'ichi, which are 
very typical shallow shelf ostracodes. 

Actinocythe1'eis aff. A. mundo1'ffi is extinct, but 
living species of the genus are well-known from 
marginal-marine and nearshore environments. 
Based on the sedimentological facies relationships 
and the variation in micro-faunal associations, the 
St. Leonard Member as seen along the Calvert 
Cliffs probably represents accumulation in a lower 
bay environment. Inasmuch as Actinocythereis 
aff. A. munclorffi only occurs in the St. Leonard 
Member north of Calvert Beach, it is considered 
confined to the lower bay environment. The fauna 
requires either normal marine salinity or higher. 
Mixing with more typical marine faunas occurs 
between Matoaka and Flag Ponds. Very shallow 
marine or near-marine conditions exist at Point 
of Rocks. 

No microfauna was recovered from samples of 
the laterally equivalent thin, brown sand. How­
ever, the mottled sedimentary textures, the small 
lenses of well-sorted, fine sand, the elliptical bur­
rows, and the few irregular, discontinuous lami­
nations suggest the unit was deposited in a sub­
aqueous, marginal-marine environment. 

Inasmuch as epifaunal macroorganisms (fig. 
42) are very important in the St. Leonard, it is 
clear that it is not a repeat of the conditions which 
produced the Calvert Beach Member. Epifaunal 
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animals in this unit include: Discinisca lugubris, 
Balanus concavus, Mytilus conradinus, Anadara 
staminea, and the cold-water Anomia aculeata. In 
addition some bivalves that burrow into mud 
substrates .are found: Yoldia laevis, Ensis ens i­
/ormis, and Nuculana liciata. In general, however, 
macrofossils are sparse. 

In addition, the microfaunal change from the 
Drumcliff Member shows that the deep-water 
animals either decreased in abundance or disap­
peared while the shallow-water animals increased 
in abundance or first appeared. Infaunal organ­
isms left traces of vertical burrowing (figs. 15, 
16), which according to McAlester and Rhoads 
(1967) signifies shallow water. Faunal assem­
blages and sedimentological characteristics indi­
cate that most of the exposed St. Leonard was 
deposited in marginal-marine environments. Thus, 
the shallowing trend of the lowest two members 
continued into the third. 

BOSTON CLIFFS MEMBER 

The upper shell bed of the Choptank has many 
characteristics similar to the lower shell bed and 
probably represents a repetition of the same proc­
ess of shell concentration. However, the Boston 
Cliffs Member contains several different species of 
molluscs. 

The macrofaunal assemblages generally have a 
lower diversity of species, fewer epifaunal indi­
viduals, considerably fewer snails, slightly lower 
quality of specimens per volume, and fewer small 
species. These characteristics all indicate either 
deeper or colder water than for the Drumcliff 
Member. 

In general the microfaunal assemblages suggest 
that the Boston Cliffs Member was deposited in 
deeper and warmer water than the lower shell bed. 
However, the depth of water was still less than 
30 to 35 meters, and the paleotemperature regime 
remained the cool temperate. The increased abun­
dance and consistent occurrence of warm-water 
species, e.g., Haplocytheridea bassle?'i, Loxoconcha 
reticularis, B~wcella mansfieldi, and the decreased 
abundance of cold-water species, e.g ., Loxoconcha 
gmnulata, Globulina inaequalis, Lagena acuti­
costa, Lagena clavata, Uvigerina subperegrina, 
locate the Boston Cliffs Member farther south in 
the cool temperate water than the Drumcliff. This 
would then place the upper shell bed in the marine 
climate analogous to that found today between the 
mouth of the Chesapeake Bay and Cape Hatteras. 
The surface water of this area has a mean annual 
temperature of about 15 to 20 °C. (Ekman, 1953, 
p. 57). 
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Figure 42 : Organisms occurring in the St. Leonard Mem'ber. The following illustrations show reconstructions of the 
life habits or occurrences: 1, Ensis ensiformis; 2, Yoldia laevis; 3, Cerastoderma laqueata; 4, crab; 5, Anadara staminea; 
6, loose shells of Mytilus conradinus; 7, Balanus concavus; 8, Cnwibulum sp.; 9, Discinisca lugubris. (In part after Abbott, 
1954; Keen, 1958; Mac Ginitie and Mac Ginitie, 1949; Tebble, 1966; Thorson, 1957; Yonge, 1939, 1949b). 

While the typical Boston Cliffs Member deviates 
distinctly from the Drumcliff Member, the Chop­
tank River sections of the former differ little. Of 
the difference listed above for the member in 
general only the characteristic of "lower abun­
dance of specimens per volume" is a significant 
variance of the Choptank River sections from the 
Drumcliff Member. In addition, most bivalves 
found in the Choptank River sections are bigger 
and more robust than the average specimens of the 
member. These observations of macroscopic char­
acteristics, in addition to more abundant Polydora 
borings, indicate that the Boston Cliffs Member 
on the Eastern Shore was deposited in shallower 
water than its sediments on the Western Shore. 
Furthermore, sediments and fossils of the type 
localities of the Drumcliff and Boston Cliffs Mem­
bers were deposited in similar depth environ­
ments, probably less than 20 meters. 

The microfaunal evidence supports this analy­
sis. Sample 66-12-4 from the central part of the 
Boston Cliffs Member at its type locality contains 
a very shallow water foraminiferal assemblage. 
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The most abundant Foraminifera in order are: 
Cibicides lobatulus, Textularia gramen, Buccella 
mansfieldi, Valvulineria /loridana, and Buccella 
depressa. Additionally, the percentage of arenace­
ous foraminifers is high, which generally indi­
cates an environment of lower than normal marine 
salinity. The most common species of the very 
shallow water, ostracode assemblage in order are: 
Cushmandea ulric hi, Po7cornyella punctistriata, 
Muellerina lienen7cla~[si, Cytheretta b~[rnsi, and 
Hulingsina ashermani. 

In the same area the Boston Cliffs Member has 
an atypical lower portion which contains an ac­
cumulation of /sognomon and Crassostrea shells. 
These beds show the strongest brackish water 
inft.uence of any observed in the Choptank. Sam­
ple 67-79-2 contains a shallow inner shelf of 
brackish-water foraminiferal assemblage includ­
ing, in order of abundance: Te xtularia g1°amen, 
Cibicides lobatulus , Buccella mansfieldi, Rotalia 
bassleri, and Quinqueloculina seminula. Addition­
ally, of all the samples studied, this sample con­
tains the highest percentage of agglutinated 



foraminifers. The Ostracoda are even more indica­
tive of brackish water and are dominated by 
Polco1"nyella punctist1"iata, Cythe1"omo1"pha wa1"­
ne1"i, Au?·ila laevicula, and Semicythe1"um c01"yelli. 
In addition, each of the following brackish and 
very shallow-marine species occurs as two percent 
of the ostracodes : CYP?'ideis fio1"idana, H aplocy­
the1"idea bassleTi, Semicythenl1"a ?'eticulata, and 
S emicythe1"u?'a /ondata. This evidence may indi­
cate the nearby effluence of the ancestral Patapsco 
or Patuxent Rivers, possibly even the Susque­
hanna River. 

The typical macrofauna of the lower and middle 
Boston Cliffs is predominantly composed of in­
faunal bivalves (fig. 43). The commonly associated 
macrofossils are: Mac1"ocallista maT?Jlanclica, Do­
sinea acetabula, C01"bula iclonea, Ce1"astoclenna 
laqueata, C1"assatella ma1"ylanclica, A nadam 
staminea, LY1"opecten maclisonius, Balanus con­
cavus, Asta1"te obnda, Me?'cena?'ia spp., and 
Panope ame1"icana. This assemblage is somewhat 
similar to the "Venus" bottom communities of the 
North Atlantic as described by Thorson (1957, 
pp. 508-510). 

In the upper part of the member, but below the 
oxidized and indurated beds, is a series of thin 
units containing predominantly epifaunal animals. 
Shells of these oyster-scallop-barnacle assemblages 
are some of the largest found in the Choptank. 
However, these large shells grade below and above 
into accumulation of well-worn fragments. These 
epifaunal assemblages are an indication of shal­
lowing water in the upper part of the Boston 
Cliffs Member. 

Another special problem associated with the 
Boston Cliffs Member is the origin and environ­
mental history of the strongly oxidized and in­
durated series of beds in its upper part. These 
characteristics and the leached out fossils make 
the upper units difficult for study. 

Analysis above of the oyster-scallop-barnacle 
assemblage indicated shallowing water on the 
shallow inner shelf. Possibly this trend of environ­
mental change may help resolve the problem of 
the oxidized and indurated beds immediately 
above in stratigraphic sequence. 

The only sample from the oxidized-indurated 
series that produced a microfauna was 66-24-13, 
from a short distance north of Point of Rocks. 
Since only 19 foraminifers were found the data 
are insufficient, but of the species present the shal­
low-water Cibicicles lobatulus and T extulm"ia 
g1"amen are the most common. The ostracode data 
are much more adequate, with the presence of 173 
specimens. The most numerous species of this very 
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shallow marine assemblage are: Hulingsina asher­
mani, Cushmanidea ul1"ichi, Haplocythericlea bas.;­
le1"i, Semicytherum cor·yelli, and Cythe1"etta 
bw·nsi. 

Where molds and casts can be identified, the 
predominant macrofaunal species are LY1"opecten 
maclisonius, Ce1"astocle1"ma laqueata, Mytilus con-
1"aclinus, Me?"cena?"ia spp., and Macrocallista ma1"Y­
landica. Since epifaunal species constitute a high 
percentage of the assemblages observed, these 
beds must have been deposited in shallow water. 
The history of the actual oxidation and lithifica­
tion is uncertain. The shallowing trend of the 
depositional environments supports the possibility 
that the ocean receded sufficiently to subaerially 
expose the top of the Boston Cliffs Member. 
Sediments of the upper Boston Cliffs were then 
oxidized and indurated. A second possibility is that 
percolating ground water was the lithifying and 
oxidizing agent. 

In a very rare mode of preservation the upper 
Boston Cliffs Member was found neither oxidized 
nor indurated at locality 66-44 (fig. 22), north of 
Camp Conoy. Here the macrofauna consists of 
Ly?·opecten madisonius, Tun"itella plebeia, C?'assa­
tella ma1·ylanclica, Ce1"astocleTma laqueata, Mac1"o­
callista maTylanclica, Dosinea acetabula, and CnlCi­
bulmn costatum. The Foraminifera indicate a very 
shallow-marine environment and are strongly 
dominated by Cibicicles lobatulus which is followed 
in importance by Buccella mans/ielcli, Buccella 
clepTessa, Textularia g?"amen, and Bulimina elon­
gata. The very shallow-marine ostracode assem­
blage contains the following as most abundant : 
Loxoconcha g1"anulata, Cythe1"etta burnsi, Cush­
maniclea UlTichi MWTayina martini, and Cythero­
mOTpha waTneri. This bed from the upp~rmost 
Boston Cliffs Member must have been deposited 
on the shallow, inner shelf. Because the only sig­
nificant macroscopic difference between members 
is the quantity of shells and not the sedimen­
tological characteristics, the break between mem­
bers here is much less striking than is typically 
found. The characteristics of the Boston Cliffs 
Member at this locality discredits somewhat the 
idea of subaerial exposure but lends support to 
alteration by percolating ground water. 

CONOY MEMBER 

Sediments of this member are the most consist­
ently fine-grained and muddy of any member in 
the Choptank. The Conoy is distinct from the 
other members in that it commonly exhibits thin, 
parallel, bedding laminations (fig. 22). Biogenic 
sedimentary structures are very rare. From an 
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Figure 43: Organisms commonly occurring in the Boston Cliffs Member. The following illustrations show reconstructions 
of the life habits or occurrences: 1, Astarte obruta; 2, Macrocallista marylandica; 3, Corbula idonea; 4, Dosinia acetabula; 
5, Cerastoderma laqueata; 6, Crassatella marylandica; 7, Lyropecten madisonius. (In part after Abbott, 1954; Ansell, 1961; 
Keen, 1958; Mac Ginitie and Mac Ginitie, 1949; Salenddin, 1965; Tebble, 1966; Thorson, 1957; Yonge, 1949b). 

analysis of these sedimentological characteristics, 
it appears that the Conoy Member was deposited 
in deeper environments than the preceding mem­
bers. 

This interpretation is supported by the micro­
fauna. In comparison with assemblages from 
lower units of the Choptank, many deeper-water 
species have increased in abundance in the Conoy 
Member while many shallow-water species have 
decreased. 

Foraminifera that are markedly increased in 
abundance and importance in the Conoy Member 
are: Nonion mediocostatum, Nonion pizarrense, 
Textularia candeiana, and Lagena spp. The fol­
lowing shallow-water species show a distinct 
decrease in abundance and importance: Bolivina 
paula, Buliminella elegantissima, Cibicides loba­
tulus, Quinqu,eloculina seminula, Sigmomorphina 
concava, and Textularia gramen. 

A similar trend occurs in the Ostracoda. The 
following deep-water species show an increase in 
abundance and importance in the Conoy Member: 
Cyther'opteron sp., Echinocythereis clarkana, Hen­
ryhowella evax, Pterygocythereis americana. 
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Complementing that increase, several shallow­
water ostracodes decrease in abundance and 
importance: Campylocythere laevissima, Semicy­
therura coryelli, Semicytherura jorulata, Semi­
cyther'ura reticulata, Eucythere gibba, Haplocy­
theridea bassleri, Hulingsina ashermani, and 
Tetracythwrura shattucki. 

Even though the faunal and sedimentological 
characteristics of the Conoy Member indicate that 
it was deposited in significantly deeper water than 
the other members, it still represents environ­
ments of the fairly shallow continental shelf. In 
the outcrop area sediments of the Conoy were 
probably deposited in about 35 to 50 meters of 
open ocean water. 

The fauna strongly indicates that the Conoy 
sediments were deposited in cool temperate water. 
A few species indicating warmer water occur as 
very small percentages of the fauna. This prob­
ably indicates closer proximity to the warm 
temperate boundary than to the cold temperate 
boundary. In fact, the only Choptank occurrence 
of Cytherella sp., a warm-water ostracode, was in 
the Conoy Member at Horsehead Cliffs, Virginia. 



Fossils indicate that this member was probably 
deposited in environments similar to those found 
today between the mouth of the Chesapeake Bay 
and Cape Hatteras. The surface water of this area 
has a mean annual temperature of about 15 to 
20 °C. (Ekman, 1953, p . 57) . 

The Conoy Member and the Choptank Forma­
tion are terminated above by an erosional and 

depositional unconformity (figs. 4, 23) as dis­

cussed previously. Possible local uplift followed 
the Choptank creating a shallow basin in the 
Camp Conoy- Flag Ponds vicinity. This basin was 
then filled with sediments of the St. Marys Forma­
tion. The erosional nature of the unconformity 
may be seen elsewhere as well (fig. 5). 

ORIGIN OF THE CHOPTANK SHELL BEDS 

Since 1685, when Martin Lister published a 
figure of Ecphom quadricostata from the Mary­
land Miocene, investigators have sought fossils 
from the prolific shell beds of the Chesapeake 
Group. Even though these deposits have been well 
collected for nearly 300 years, very few investiga­
tors have been concerned over the manner in 
which they were formed. Consequently, to date 
little speculation has been raised as to their origin. 
Mongin (1959) felt they represented transgres­
sive beach accumulations. A second suggestion 
was made by Fowler (1966) who thought they 
were "concentrations formed by storm waves 
which winnowed out the clay sized particles." 

While the two major shell beds, the Drumcliff 
and Boston Cliffs Members, are distinctly differ­
ent, they share several characteristics critical to 
the understanding of their origins and are con­
sidered to have been deposited in the same way. 
Probably the most striking feature of the shell 
beds is the prolific concentration of fossils (figs. 
18, 20, 21). Their common coloration is very light 
to dark brown with shades of orange and yellow, 
in contrast to the "non-shell" beds which are pre­
dominantly dusky blue to dusky green. Addition­
ally, these units show a general lack of inorganic 
and biogenic sedimentary structures. 

Closer examination of these deposits reveals 
that they are not homogeneous. Rather, they con­
sist of inter grading beds of abundant, densely 
packed, large shells with beds of less abundant, 
less densely packed, smaller shells (figs. 10, 12, 
18). At some localities the macrofossil beds which 
are redu ced in concentration, quantity, and size of 
shells are much better sorted than the increased 
beds. This sedimentological association is much 
more common in the Drumcliff than in the Boston 
Cliffs Member. The difference in sorting rarely 
involves variation in the larger grain sizes but 
instead concerns the quantity of mud and silt. As 
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a result, where the difference in sorting is very pro­
nounced, as at Drumcliff, an accompanying color 
change makes the units even more distinct. The 
well-sorted units, predominantly sand, are light 
tan to very pale orange, whereas those poorly 
sorted, with increased mud and silt, are darker 
browns. Thus the reduced macrofossil beds are 
much lighter in color than the increased macro­
fossil beds. 

One very important characteristic is that nearly 
all of the infaunal bivalves are found flat lying 
(fig. 20) as are most of the other large bivalves. 
In addition, many of these flat-lying shells are 
articulated, double valves. Of course, the living 
position of most in faunal bivalves is with the 
hingeline perpendicular to the sea floor, not paral­
lel as in the Choptank shell beds. 

This constitutes an important reorientation rule 
for the shallow- burrowing bivalves. The one excep­
tion to the rule is the group of very deep-burrow­
ing bivalves, which includes Panope and Mya. 
These shells are always found vertical and double­
valved in the Choptank, yet with no associated 
burrow structure. 

If Mongin (1959) was correct in suggesting 
that the shell beds were transgressive beach depos­
its, the shells should be well-worn, fragmented, 
and covered with encrusting organisms such as 
bryozoans, barnacles, worm tubes, molluscs etc. 
Even if these shells merely rested on the ocean 
floor after death and were forming prolific beds by 
a more or less "normal" accumulation, they should 
be covered with attached animals. However, en­
crusted infaunal bivalves are exceedingly rare in 
the Choptank. The shells are usually very well 
preserved with nearly all features of ornamenta­
tion remaining. In fact, some seldom-preserved 
features, e.g. hinge ligament and shell coloration, 
are present at various localities. Markings are 
found on a few infaunal bivalves suggesting inter-



relationship with other animals. However, these 
marks are predominantly the traces of two groups 
of animals-the naticid snails and the polychaete 
worms. Since these animals themselves are bur­
rowers, the infaunal bivalves were victims of 
"subsurface attacks", not "seafloor attacks" as 
would occur with exposed shells. 

As pointed out by E. G. Kauffman (personal 
communication), the hard shell substrate, formed 
by preexisting shell beds, would be impossible 
bur'rowing 10caiJions for future generations. 
Hence, after a shell pavement was formed, even a 
thin one, future generations of infaunal bivalves 
would not return until a soft bottom was once 
again established. Yet, these shell beds range from 
a few feet to about 30 feet thick. 

Another problem that must be resolved is the 
apparent "super-productivity" of the shell beds. A 
tremendously large number of fossils, not to men­
tion llnpreserved organisms, occur in a compara­
tively small volume of sediments. Such apparently 
high productivity is unknown in modern environ­
ments. 

One of the most amazing characteristics of the 
Drumcliff and Boston Cliffs Members is their 
extreme lateral extent. The beds can be traced 
in dip section, particularly along the Chesapeake 
Bay, for miles and can be correlated along strike 
for even greater distances. In short, these beds are 
found throughout the area of outcrop. One notable 
example of this great extent is found in the Boston 
Cliffs Member in which the same sequence of units 
can be found both at its type lbcality on the Chop­
tank River and 60 miles away at the Nomini Cliffs 
of Virginia. 

Mongin's (1959) suggestion that the shell beds 
were transgressive beach accumulations can be 
eliminated on the basis of the following considera­
tions. First, a deposit as she envisioned would be 
made up almost entirely of shells that are well 
worn, fragmented, and covered with encrusting 
organisms. Such is not the case in the Choptank, 
especially for the infaunal bivalves. Second, the 
faunal evidence indicates deposition occurred on 
the inner shelf and not on a beach. Third, inor­
ganic sedimentary structures indicative of a beach 
are absent. Lastly, while the Drumcliff Member 
developed during moderate transgressive condi­
tions, the lower and central parts of the Boston 
Cliffs Member were produced during a regression. 

Fowler's (1966) idea that storm waves win­
nowed out clay sized particles to concentrate shells 
approaches a more reasonable explanation of the 
facts. Unfortunately, his brief remark gave 
neither adequate understanding of how he en­
visioned the mechanism to operate nor any evi-
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dence to support his contention. Additionally, no 
attempt was made to explain the relationship of 
the hypothesis to the various characteristics of 
the shell beds. In fact his mechanism in itself does 
not appear to explain the alternating densities of 
shells, the color differences from shell to non-shell 
beds, the flat-lying nature of infaunal bivalves as 
contrasted with the living position of deep bur­
rowers, the lack of encrusting organisms on in­
faunal organisms contrasted with their presence 
on epifauna, and how future bivalves would bur­
row through hard shell substrates. This last point 
is very important since several generations of 
organisms are required to produce deposits the 
thickness of the Drumcliff or Boston Cliffs Mem­
bers. 

Van Straaten (1952) recognized a shell bed at 
20 to 30 centimeters below the sediment-water 
interface in the Dutch Wadden Sea. Since he 
found the worm Arenicola burrowing to the same 
depth and drawing food down through a tunnel, he 
suggested that the shell bed was a biogenic con­
centration. It seems unbelievable that the feeding 
of marine worms could concentrate such an even 
bed extending for miles as he described it. Accord­
ing to his own diagram (Van Straaten, 1952 fig. 
4), the larger bivalves would be much too large to 
"tumble" down a worm's feeding shaft. Perhaps 
Van Straaten had the cause and effect reversed. 
Possibly because the hard shell horizon was pres­
ent the worms did not burrow through it but only 
to it. At any rate, it seems beyond the ability of 
marine worms to concentrate the large Choptank 
bivalves (e.g., 15-centimeter Lycropectens, 11 cen­
timeter Macrocallistas, 12 centimeter Mercenarias, 
8 centimeter Crassatellas). This feat is further 
complicated in the Choptank by the extreme 
lateral extent of the shell beds. The final evidence 
against this theory is the lack of biogenic struc­
tures in the shell beds. 

Haas (1940) described molluscan accumulations 
resulting from tropical storms. However, the de­
posits he described were much more local and 
variable than the Choptank shell beds. He also 
mentioned that one of the important zones of 
accumulation involved shells ground and pul­
verized to beach sand. No comparable unit exists 
in the Choptank. 

Different types of mass mortality in the sea 
were reviewed by Brongersma-Sanders (1957). 
Investigators have attributed large-scale dying to 
such factors as volcanism, earthquakes, tsunamis, 
salinity changes, temperature changes, "red tide", 
and poisonous gases. However, these phenomena 
generally act only on a very few species, and sel­
dom, if ever, cause great disasters for the infaunal 



communities. Mass mortalities are also insufficient 
for explaining the thickly stacked appearance of 
flat-lying bivalves. 

One possible solution that must be considered 
is what might be called a "normal biological ac­
cumulation". In order to have so many fossils in 
the given amount of sediment some modification 
must be applied to the basic mechanism, e.g., win­
nowing of fine sediment or very little accompany­
ing sedimentation. 

Unfortunately, this mechanism, even with modi­
fications, fails to explain several of the character­
istics of the Choptank shell beds. Probably the 
most basic problems associated with this mecha­
nism concerns the life habits of the burrowing 
bivalves. Since the shallow and medium depth 
infaunal bivalves are not found in living position 
but are found flat-lying, their reorientation must 
be explained. If a bivalve ascended from its bur­
row, it might die on its side; but then the muscles 
and hinge ligament would decompose, the paired 
valves would be disassociated, and the hard shells 
would become encrusted by several types of organ­
isms. The mechanism fails to explain the articula­
tion and absence of epifauna on valves in the 
Choptank. Maybe even more fundamental is the 
question "Why would the bivalves leave their 
homes in the first place?" The ability to construct 
burrows is their adaptation for protection. These 
are not structures to be abandoned in time of trou­
ble. 

In addition to not accounting for the flat-lying 
occurrence of the shallow-burrowers, the "normal 
biological accumulation" mechanism fails to ex­
plain why the deep-burrowing bivalves are always 
found in the opposite orientation, that is, the 
normal, vertical, living position. It also does not 
justify the absence of burrows of the deep in­
faunal bivalves. The dusky blue to dusky green 
color of the "non-shell" beds must be a result of 
slightly reducing conditions below the sediment­
water interface, whereas the light brown colors of 
the shell beds must be a result of slight oxidation. 
The "normal accumulation" mechanism cannot 
account for the difference. 

This mechanism was used to explain shell de­
posits that may be near-modern analogs of the 
Choptank. Coleman and Gagliano (1964, p. 70) 
reported a "four foot thick concentration of shells 
and shell debris" in the vicinity of the Mississippi 
River Delta. Microfaunal evidence from the shell 
beds indicated deposition in 60 to 80 feet of marine 
water. Later they added (Coleman and Gagliano, 
1965, p. 143): "Shell concentrations or 'hashes' 
range in thickness from 5 cm. to 1 meter or more 
and show a dominance of organic over detrital 
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deposition. Shell 'hashes' represent conditions of 
virtually no deposition or erosion .... Deep bor­
ings in the birdfood delta have demonstrated that 
these shell beds are widespread and continuous, 
forming excellent stratigraphic markers." 

The Gulf of Mexico shell beds appear very much 
like those of the Choptank. A "normal accumula­
tion" with little sedimentation and erosion could 
be a valid explanation for these beds only if all 
the organisms are epifaunal. No mention was 
made about the life habits of animals in the 
deposits. 

The continental shelf off the mouth of the 
Chesapeake Bay is another area known to have 
shell concentrations below the sediment-water 
interface. These deposits were skillfully described 
by Powers and Kinsman (1953) suggesting rela­
tionship to the traction zone in underwater sedi­
ments. They recognized two zones in the substrate. 
The upper zone had better sorting, smaller grain 
size, more abundant microfauna, and lessabun­
dant macrofauna than the lower zone. Conversely, 
the lower zone had poorer sorting, larger grain 
size occasionally including gravel, less abundant 
microfauna, and more abundant macrofauna than 
the upper. They called the upper the "traction 
zone" and the lower one the "accumulation zone". 
These two zones seem to be essentially the same as 
the reduced and increased macrofossil beds in the 
Choptank. 

Powers and Kinsman (1953) related the verti­
cal sorting, which creates the traction and accumu­
lation zones, to the passing of marine swell. The 
typical period of swell reaching the U. S. coast is 
from 6 to 16 seconds with rare reports to as high 
as 22.5 seconds. According to Powers and Kins­
man (1953) a swell with a period of 12 seconds 
would produce horizontal current velocities of 
more than 0.3 foot per second in water 70 feet 
deep. This would be sufficient to establish a pres­
sure gradient on the bottom causing flow into the 
sediment and flow out accompanied by effusion of 
the substrate. At some depth the lifting action 
ceases and at that level they identified the base of 
the traction zone. 

They suggested that "for a given water depth 
and swell period the permeability of the sediment 
is the most important factor determining the trac­
tion zone thickness. In other words, the more 
freely the water can circulate in the sediment, the 
greater will be the lifting effect." This would 
explain why the traction zone is thinner where the 
grain size and sorting is less, as Powers and 
Kinsman observed. In fact, they found no traction 
zone in the clay cores. 



¢= Passing swell ===== 

Zone of 
Traction 

------.~~~~ 
. . . . . 

Zone of . . . ' .' . . 
Accumulation"' " 
------

Former zone of 
Traction 

Figure 44: Mechanism of shell bed accumulation. Note shallow and medium depth infaunal bivalves in flat-lying posi­
tion in zone of accumulation and deep burrowing Panope in living position. 

They also recognized the importance of dimin­
ished wave energy with increased water depth. In 
their investigation (Powers and Kinsman, 1953) 
shell beds were found in 45 to 145 feet of open 
marine water. 

This mechanism of passing marine swell creat­
ing zones of traction and accumulation seems quite 
sufficient to account for the alternation of reduced 
and increased macrofossil beds (figs. 10,44) in the 
Choptank. The lifting effect caused by traction 
would also result in slight oxidation of the organic 
matter in the sediments, thus explaining color 
differences between the shell beds and the "non­
shell" beds. 

Traction on the bottom sediments also resolves 
the problems associated with the shallow infaunal 
bivalves. Since any given swell consists of a group 
of waves, the effect on the bottom is an alternation 
of flow into the substrate, accompanied by pres­
sure, and flow out of the substrate, accompanied 
by release of pressure, with lifting and effusion of 
the sediment. During this confusion the bivalve, 
stationed in the middle of all the action, must 
have taken in quantities of harmful sediment. 
Even more likely though would be a reorientation 
of the bivalve as a result of the physical threshing. 
As the animal is lifted and released a more likely 
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position is relocation on a flat side rather than 
on edge. Experimental evidence by Armstrong 
(1925) in the nearshore waters of California 
showed that reorientation of infaunal bivalves to 
greater than 45° away from the preferred living 
position would be fatal. Thus it appears that mere 
reorientation in the animal's own domain would 
leave it dead. This may account for well-preserved, 
double-valved, flat-lying specimens in the Chop­
tank shell beds. 

The passing of swell and subsequent swells 
could concentrate single and articulated valves in 
a subsurface zone of accumulation. In addition, 
this mechanism alleviates the need for accumula­
tion of shells on the seafloor where they would get 
worn and be encrusted. Constant submersion in 
the substrate explains the lack of encrusting 
organisms on the shallow infauna. 

One of the curious characteristics of the Chop­
tank shell beds is that the snails do not seem as 
selectively confined to the increased and reduced 
macrofossil units as do the bivalves. In light of 
the traction mechanism, it might be that the 
empty snail shens were concentrated as the other 
shells, but the live snails had the ability to read­
just after the passing of the swell. 



The effective depth of the lifting force is indi­
cated by the deep burrowing species of Panope. 
Since specimens of this genus are always found in 
living position, the operative limit of traction 
must have been less than their living depth of 
about 2 feet. Effusion of sediment above the bi­
valves also explains the lack of burrow structures 
associated with them. 

The problem of concentrating specimens of 
scallop shells, particularly of living animals, is 
more complicated because of their free-swimming 
existence. However, a bivalve is not a very effi­
cient swimmer and the churning of water with the 
passing swell may have thrown it to the sea-floor. 
The animal would be even more helpless if it were 
pressed upside down on the floor, and due to the 
convexity of the lower valve, the most stable 
resting position is upside down. With the effusion 
of silt and sand the scallop might have become 
partially mired in sediment, presenting a hopeless 
situation for its swimming mechanism to correct. 
Subsequent waves in the same swell buried the 
animal alive, thus preserving the valves intact as 
they are often found in the Choptank. 

The lifting action in the zone of traction un­
doubtedly would remove existing sedimentary 
structures. This accounts for the absence of in­
organic and biogenic structures in the Choptank 
shell beds. 

Another observation of Powers and Kinsman 
(1953) correlates very well with the Choptank. 
They noted that the traction zone thickness varies 
with the degree of sorting, i.e., the thickness is 
greater in better sorted sediments and less in 
more poorly sorted sediments. This was explained 
to be a result of the greater degree of permeability 
in the sediments containing little mud. In the 
Choptank the Drumcliff Member sediments are 

. better sorted and contain less mud than the sedi­
ments of the Boston Cliffs Member. To complete 
this contrast, the reduced macrofossil beds 
(-traction zone) of the Drumcliff are thicker 
than those of the Boston Cliffs Member. 

One of the strongest attributes of the traction 
mechanism is its ability to account for the appar­
ent "super-productivity" in the Choptank. Sandy 
and silty substrates of the shallow inner shelf 
typically support some of the largest bottom com­
munities, but by themselves they could not pro­
duce the quantity seen in the shell beds. However, 
as each swell passes, a large part of the fossil-
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izable bottom community is killed off and concen­
trated in the zone of accumulation . This leaves the 
substrate that was initially teeming with life bar­
ren of part of its population. A new recruitment of 
organisms finds the bottom nearly virgin. This 
cycle of events could continue until there is a 
major change in depositional environment. Entice­
ment of recruits to virgin substrates followed by 
mortal threshing qualifies the Choptank as a sort 
of Venus's fly trap. 

Since swells at any given location are fairly 
frequent and since the Choptank shell beds typi­
cally contain fossils at various stages of growth, 
it may be that only infrequent marine swells of 
very great magnitude produced these deposits. It 
is also possible that only major swells are sufficient 
to reorient entrenched infaunal bivalves. If these 
restrictions do require abnormally intense energy, 
the dense concentration of shells may have been 
related to tropical storms. At this stage of investi­
gation the frequency and magnitude of marine 
swells sufficient to account for the Choptank shell 
beds is unknown. 

The Choptank Formation has three "non-shell" 
members, in addition to the two major shell beds. 
As result, any theory for the origin of the shell 
accumulations must account for their absence else­
where. In light of the mechanism proposed and 
data about modern deposits, an effective lower 
depth limit appears evident. The deeper environ­
ments and the high mud content in the Calvert 
Beach and Conoy Members probably account for 
the absence of concentrated shells in their sedi­
ments. In its outcrop the St. Leonard Member 
seems to represent marginal marine deposits. 
Powers and Kinsman (1953) did not find concen­
trated shell beds in the marginal marine Chesa­
peake Bay and suggested that this was a result of 
very little swell . 

Inasmuch as inner shelf, concentrated shell beds 
have been found in modern sediments of the 
northwstern Atlantic Ocean, the Gulf of Mexico, 
and the Dutch Wadden Sea, and inasmuch as 
concentrated fossil shell beds have been found in 
inner shelf environments, these beds are likely to 
be much more important constituents in modern 
and fossil sediments than the little attention given 
to them indicates. The proposed swell-traction 
mechanism may have played a major role in inner 
shelf environments of the geological past. 



DEPOSITIONAL HISTORY OF THE CHOPTANK FORMATION 

The history of the Choptank Formation had its 
beginnings hundreds of millions of years before 
the Middle Miocene. Episodes of mountain build­
ing in the Paleozoic established structural trends 
and sediment source areas. During the Mesozoic, 
mobility of the Salisbury Embayment first ap­
peared to be significant. 

However, the events of the Tertiary gave the 
Choptank its real uniqueness. The mid-Tertiary 
was a time of great structural disturbance. The 
major Antillean Revolution in the Antillean­
Caribbean region was shaping the destiny of the 
Gulf Stream which is of major significance to the 
marine and coastal climates of Eastern United 
States. More locally, regional uplift of the ancient 
Appalachian Mountains supplied great volumes 
of terrigenous detritus to streams that emptied 
into the Atlantic Ocean. 

The mobile Salisbury Embayment was a locus of 
accumulation for such discharged sediment. The 
Chesapeake Group was deposited during the Mid­
dle and Late Miocene. While all of the units of 
this sequence were formed in the temperate 
marine climate of the Atlantic Coastal Plain, a 
definite warming trend persists from the earliest 
beds to the latest. 

The first of the Chesapeake Group formations, 
the Calvert, was deposited in cool temperate ma­
rine waters on the continental shelf. The exact 
structural relationship between the Calvert and 
overlying Choptank Formation is uncertain, but it 
appears that the latter represented a shift to 
warmer and shallower water. 

The lowest unit of the Choptank, the Calvert 
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Beach Member, was deposited in the coldest water 
of any unit in the formation. Its environments 
were slightly inimical to many types of bottom 
communities as evidenced by the bivalve domi­
nance of the Lucinacea. The Drumcliff Member 
represents a shallowing of environments on the 
inner shelf and possibly slight warming. Accord­
ing to the hypothesis set forward in this paper, 
marine swells, possibly related to tropical storms, 
passed through the area establishing zones of 
traction and accumulation in the bottom deposits. 
This physical mechanism concentrated shells into 
great beds. 

Maximum shallowing occurred during the St. 
Leonard Member. Marginal marine depositional 
environments dominate this unit in outcrop. The 
best delineated of these is the lower bay environ­
ment, which occurs in the area of the modern 
Calvert Cliffs. The slight warming trend con­
tinued into the Boston Cliffs Member, but the 
shallowing trend of the lowest three members was 
reversed. This member represents a return to 
open inner shelf environments, where the bottom 
was again swept by marine swells concentrating 
great volumes of shells. 

Sediments of the Conoy Member were deposited 
in distinctly deeper water yet still probably shal­
lower than 50 meters. Like the previous Choptank 
Members, the Conoy was deposited under cold 
temperate marine climatic conditions. An ero­
sional and depositional unconformity separates 
the Conoy from the overlying St. Marys Forma­
tion, which generally continues the deepening 
trend started in the Boston Cliffs Member. 
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APPENDIX I 

DESCRIPTION OF SELECTED OUTCROPS 

All of the Choptank outcrops visited were studied in detail. Consider­
ing the great length of these descriptions, the decision was made to include 
only the type sections of the five members and the principal reference 
section. The remaining ones will be kept on open file by the· Mru:ryland 
Geological Survey, Baltimore, Maryland. In addition, all descriptions are 
available under the same title as this pUblication through University 
Microfilm, Ann Arbor, Michigan. 

For the descriptions included, the following abbreviations are used to 
designate logarithmically increasing relative abundances of fossils: 
R - rare (approximately 1 to 3 specimens per square meter), F - few 
(aproximately 3 to 6 specimens), N - numerous (approximately 6 to 15 
specimens), C - common (approximately 15 to 30 specimens), VC -very 
common (approximately 30 to 60 specimens), A - abundant (approximately 
60 to 150 specimens), Fl - flood (more than 150 specimens). 

Locality 66-5. 1600 Feet North of Harper's 
Creek. 0.9 mile south of Western Shores, Md. 
Calvert Cliffs on Chesapeake Bay, Calvert Co., 
Md. 38° 28' 43" N. Lat.; 76° 29' 21" W. Long. 

Unit 
Choptank Formation 

Conoy Member 

31 Lithology: Dark grayish-blue, very mud­
dy, very fine sand. Outcrop weathers to 
very light gray. Lithology similar to unit 
30 except with deletion of black organic? 
specks and clay mottled structures. Lower 
contact gradational. Upper contact dis­
tinct, erosional top of Choptank Fmn. 
Fossils: None found. 
Sample 66-5-35 from l' 0" to 2' 0" above 
base of unit. 

30 Lithology: Dark grayish-blue, very mud­
dy, very fine sand. Outcrop weathers to 
very light gray. Includes black organic? 
specks up to 1.0 cm. long. Irregular bed­
ding highlighted by small black specks. 
Mottled by greenish-gray clay with some 
inclusions up to 3" long. Contacts grada­
tional. 
Fossils: Calcareous macrofossils nearly 
absent. One small, unidentified mollusc 
fragment. 
Sample 66-5-34 from l' 0" to 2' 0" above 
base of unit. 

29 Lithology: Dark grayish-blue, very mud­
dy, very fine sand. No sedimentary struc­
tures seen. Outcrop weathers to light 
bluish-gray. Lower contact slightly un­
dulating but distinct. Upper contact 
gradational. 
Fossils: Calcareous shells leached out but 
molds common. Random distribution. 
Faunal list: C-Discinisca lugub~'is, Lyro-

Thickness 

3'0" 

2'0" 

1'6" 

64 

pecten madisonius, R-Yoldia laevis, Ano­
dontia anodonta. 
Sample 66-5-33 from 0' 6" to l' 6" above 
base of unit. 

Total thickness of exposed Conoy 
Member 

Boston Cliffs Member 

28 Lithology: Yellowish-gray, slightly mud­
dy, very fine sand. Weathers to "iron 
oxide" brown and forms a very hard 
ledge. Most resistant bed in this section. 
No apparent sedimentary structures. 
Lower contact distinct and slightly un­
dulating. Upper contact distinct and 
slightly undulating. 
Fossils: None. 
Sample 66-5-32 from entire interval. 

27 Lithology: Light-gray, poorly sorted, fine 
sand. Mottled slightly with darker fine 
sand. Lower contact gradational. Upper 
contact undulating. Bed in Boston Cliffs 
indurated series. 
Possils: Calcareous shells all leached out. 
Molds only. Apparently only flat lying 
Lyropecten madisonius. 
Sample 66-5-31 from 0' 6" to l' 6" above 
base of unit. 

26 Li thology: Grayish-olive slightly muddy, 
fine sand. Weathered surface indurated. 
No sedimentary structures. Lower contact 
undulating. Upper contact undulating. 
Fo.~sils: Calcareous shells completely 
leached. Fauna all flat lying Lyropecten 
madisonius. 
Sample 66-5-30 from entire unit. 

25 Lithology: Light-olive, slightly muddy 
very fine sand. No sedimentary structures. 
Lower contact gradational and slightly 
undulating. Upper contact undulating. 
Weathers to a very resistant unit. 

6' 6" 

0' 9" 

l' 6" 

1'0" 

1'0" 



Fossils.' Within bed there is an undulat­
ing' line between slw lls which have been 
leached a nd those wh ich have not. Even 
those below line show some chemical 
deterioration. Fauna dominated by D1I7'o­
pectl'lI i/wdisOllills (both double and single 
valves). Also nolol/ll s COllCOVIIS. 
Sample 66-5-29 from entire interval. 

24 Litholo{J!! .' Light olive-br own slightl y 
mudd~', very fine sand . No nresistant out­
crop unit. No sed inH'ntary structures. 
Lower contact undulating. Upper contact 
gradationa l. Unit weathers to red di sh 
brown. 
Fossils .' Smaller shell s protruding on 
weathered surface. Chemical deterioration 
very pronou nced . Fragmentation common. 
"Veal' common. Random distribu tion and 
orientation. 
Faunal li st: A-D!/ropcctrn lIIodisollillS, 
C-Cerastodenllo loqll eata, Balanlls COII ­

ca I'IIS, N -II! acrocallista ilia rllirmdica, A /la­
clara stalllil/ea, Co r/nria id ollea, F -Tm '­
'l'itclla pll' bcia, CO'l' blila illaequcti-is, R­
C7'I(ciblll/( III costatwlI. 
Sample 66-5-28 fro m entire interval. 

23 Lithology: Dark ol ive-brown, sl ightly 
muddy, fine sand. No bedd ing lamina­
tions. Lower contact gradational and un­
dulating. Upper contact undulating and 
fairly distinct. 
Fossils .' On weathered surface appears as 
a coarse shell uni t. Some shells heavily 
worn, others not. Large shells are flat 
lying and predominantly convex upward. 
Local con centra tion of LlI1'opecten and 
C1'aSsost7'ca, or heterogeneous fauna. 
Faunal list: A-LlIropectell lIIaclisonius 
(some double valves), C-Crassostrea 
carolinellsis . N-Cc7'astodenlla laql1 eata, 
Corbllia idollea (some double valves), 
Macrocallista I/W7'1IIallclica, Anada1'a sta­
minea, Bala1l1(S C01!cavIIs . 
Sample 66-5-27 from entire unit. 

22 Lith ology .' Dark olive-brown, muddy, 
fine sand. Weathers to light brown with 
smaller shell s appearing at surface than 
in unit 21. Mottled by yellowish-gray , 
moderately well sorted, fine sand (some 
pockets up to 9 cm. diameter). No bedding 
laminations. Contacts gradational and un­
dulating. 
Fossils .' Shells constitute approximately 
30 7r of unit. Well preserved. Apparently 
random orientation. N um erous fragments . 
One thin, concentr ated bed of larger bi­
va lves at l' 6" above base of unit. 
Faunal list: F-ll![ac7·ocallista. 1n01·1IIandica, 
Corbula iclollea (some double valves), 
;'lI1'opecten liIadisonius, Ce1'astoderma 
laq~teata (some double yalves), Balanus 
concaVlIS, A.sta1'te o bTlrt.a , Dosinia ace­
tabllla, Ecpho}'(l quad7·icostata. 
Sample 66-5-26 from l' 0" to 2' 0" above 
base of unit. 

l' "0 

0'6" 

2'3" 

65 

21 Lithology.' Dark ye ll owish-brown, slightly l' 6" 
muddy, fine sand. Mottles of yellowish-
gTay, moderately welI sorted, fine sand. 
No sedim entary structures. Contacts g ra­
dational. Mat ri x better sorted than 2 
lower units. 
Fossi ls .' Coarse, heavy shell bed. No 
secondary chemical deter ior ation. Most 
shell s appear randomly distributed but 
large shells (particularly Lyropecten and 
ilIac1'ocallista) are flat lyi ng and m ost of 
these are w ith th e convex surface upward. 
Concentrated thin beds of A7Iada1'a, 
Dyropecte7l, Macl·oca l/ista. 
Fauna l li st: A-Anada1·a. staminC'a, C­
Moc'l'ocal/is ta 1Iw7'ulalldica, LY7'opecten 
I/WC/iSOllius, N -C1'C[ssCitel/(t m arll la ndica, 
CO'l'bnla idonea (some double valves), 
A s (.a7·t e ob'ruta, Dosin ia acetabula, R­
Ecpho1'a quad'l'icostata 71 III bilicata , TU7'-
1·itl'l/a. plrbeia. val'. A, Anodontia anodonta, 
COT bllla ina equalis, Dip/odonta acclinis, 
Astrhelia pollllata (very worn). 
Sample: 66-5-25 from 0' 0" to l ' 0" above 
base of unit. 

20 Lithology.' Dark olive-br own, muddy, fine l' 0" 
sand. Mottled with yellowish-gray, moder-
ateJy well sorted, fine sand. No bedding 
laminations. Contacts gradational. 
Fossils : I ncrease in shell s ize from unit 
19. Shells are partially leach ed and 
stained by iron oxide. Shell s appear to 
have had very little wear or fragmenta-
tion before chemical deterioration. Appar-
ently random orientation and distribution. 
No articulated, double valves. Mollusc 
shells constitute approximately 30 7r of 
unit. 
Faunal list: A-A nadara s taminea, C­
L Y1'ope cten madisonius, N-Dosinia. ace­
tabula, F -Balanus concavus, Astarte 
obrntn, R-Anoclontia anodonta, Cerasto­
cle1'lna laqueata, Mac1'o callista, maryland­
ica" Ecphorn quadricostata. 
Sample 66-5 -24 from entire interval. 

19 Lithology.' Dark olive-brown, poorly l' 0" 
sorted, muddy, fi ne sand. Additionally, 
small lenses of yellowish-g r ay, well-sorted, 
fine sand, some of 'whi ch appear to be 
small scour and fill structures. Some irreg-
ular, iron-stained mottles. Also a few 
irregular mottles of St. Leona rd dark-
blue, muddy, very fine sand. No bedding 
laminations. Outcrop expression shows 
break to a nearly vertical slope. Con tacts 
gradational. 
Fossils.' Abundant fossil molluscan shells. 
Minor amounts of leachin g of shell ma­
terial. Except for 2 to 3 inch bed of 
A nadara, random distribution. No pre­
ferred orientation. 
Faunal li st: C-Lyropecten madisonius, 
A nadaTa stam.inea , N -M aC1'ocallista mary­
landica, R-Lunatia he1·os. 
Sample 66-5-22 from entire unit. 

Total thickness of Boston Cliffs 
Member 11' 6" 



St. Leonard Member 

18 Lithology,' As unit 17 except dark olive­
brown mottlings more common. Addi­
tionally, small lenses of yellow-gray, well­
sorted, fine to medium sand. Contacts 
gradational. 
Fossils,' Shell fragments common. Some 
wood fragments. Probably many species 
of molluscs, but difficult to recognize from 
fragments. Fragments seem randomly ar­
ranged. 
Faunal List: F -Lyropecten rnadisonius, 
A nadara starninea. 
Sample 66-5-23 from entire unit. 

17 Lithology,' Dark-blue, somewhat muddy, 
very fine sand. (Less mud than St. 
Leonard beds below.) Dark olive-brown 
mottlings more common. Many mottled 
structures seem to have hurrow mor­
phology. Contacts gradational. 
Fossils,' Calcareous macrofossils common 
but mostly fragments. Some shells par­
tially leached. Species are difficult to 
identify. Small, rare Lyropecten rnadi­
sonius. 
Sample 66-5-21 from entire unit. 

16 Lithology,' Dark-blue, muddy, very fine 
sand. Minor mottling of dark olive-brown, 
muddy, fine sand in pockets less than 1.5 
cm. diameter. No bedding laminations. 
Contacts gradational. 
Fossils,' Numerous unidentified molds as 
in unit 15. In addition, some very poorly 
preserved calcareous shells. 
Sample 66-5-19 from 0' 0" to l' 0" above 
base of unit. 
Sample 66-5-20 from 2' 0" to 3' 0" above 
base of unit. 

15 Lithology,' Dark-blue, muddy, very fine 
sand. Minor mottling of dark olive-brown, 
muddy, fine sand in pockets less than 1.5 
cm. diameter. No bedding laminations. 
Contacts gradational. 
Fossils,' No calcareous shell material 
preserved. Numerous unidentified molds. 
Numerous phosphatic Discinisca lugubris . 
Sample 66-5-18 from 0' 0" to l' 0" above 
base of unit. 

14 Lithology,' Dark-blue, muddy, very fine 
sand. Minor mottling of dark olive-brown, 
tine sand in pockets less than 1.5 cm. diam­
eter. No bedding laminations. Contacts 
gradational. 
Fossils,' None. 
Sample 66-5-17 from 0' 0" to l' 0" above 
base of unit. 

] 3 Lithology,' Dark-blue, muddy, very fine 
sand. Minor mottling of dark olive-brown, 
muddy, fine sand in pockets less than 1.5 
cm. diameter. No bedding laminations. 
Contacts gradational. 
Fossils,' No calcareous shell material 
preserved. Molds numerous but difficult 
to identify. ?Cerastoderrna laqueata. 
Sample 66-5-16 from 0' 0" to l' 0" above 
base of unit. 

1'3" 

1'0" 

4' 0" 

2'0" 

2'0" 
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12 LitholoUY,' Dark-blue, muddy, very fine 2' 0" 
sand. Weathered surface dark olive-
brown. Weathered outcrop surface has 
prominent vertical fractures. No sedi-
mentary structures, apparently homo-
geneous. Contacts gradational. 
F ossils,' None seen. 
Sample 66-5-15 from 0' 0" to l' 0" above 
base of unit. 

11 L i thology,' Dark-blue, muddy, very fine 2' 0" 
sand. Weathered outcrop surface has 
prominent vertical fractures. No apparent 
sedimentary structures. Contacts grada-
tional. 
F'ossils ,' No preserved calcareous shells. 
Molds common, however, of Yoldia laevis. 
Sample 66-5-14 from 0' 0" to l' 0" above 
base of unit. 

10 Lithology,' Dark-blue, muddy, very fine 2' 0" 
sand. Weathered outcrop surface has 
prominent vertical fractures. No apparent 
sedimentary s tructures. Contacts grada-
tional. 
F'ossils,' No preserved calcareous shells. 
A few molds. Only one identified, Ensis 
ensiforrnis. 
Sample 66-5-13 from 0' 0" to l' 0" above 
base of unit. 

9 Lithology,' Dusky-blue, poorly sorted, 2' 6" 
very muddy, very fine sand. No apparent 
sedimentary structures. Lower contact un­
dulating. Upper contact gradational. 
F'ossils,' Macrofossi ls absent. A few molds 
of Cerastoclenna laqueata and Anadara 
starninea. 
Sample 66-5-12 from 0' 6" to l' 6" above 
base of unit. 

8 Lithology,' Dusky yellow-green, poorly l' 0" 
sorted, muddy, very fine sand. Color 
mottlings of grayish olive-green, yellow­
ish-gray, and dusky reddish-brown. Tex-
ture mottlings range from mud to fine 
sand. No bedding laminations. Contacts 
undulating. 
F'ossils,' Preserved shells absent. A few 
molds of ? Anodontia anodonta. 
Sample 66-5-11 from entire unit. 

Total thickness of St. Leonard 
Member 21' 9" 

Drumcliff Member 

7 Lithology,' Heterogeneous lithology. Mix­
ture of dusky-olive, muddy, very fine sand 
and dark iron-brown, muddy, fine sand. 
More dusky-olive sand and less brown 
sand than in unit 6. No apparent sedi­
mentary structures. Lower contact grada­
tional. Upper contact undulating but dis­
tinct. 
F'ossils,' Shells well preserved. Random 
distribution except for occasional thin 
lenses of very densely packed Turritella. 
Approximately 25-40 '7< of bed mollusc 
shells. Fauna strongly dominated by Glos­
sus and TU?'?'itella, which must account 
for 98'7< of fauna. 
Faunal li st : FI-GlosSllS frat ernus rna1'y-

1'4" 



landiC1ts (with quantity of single valves 
about equal to quantity of double valves), 
Tun'della plebeia, F -Cerastodenna la­
quea.ta, Lunatia heros, R-C01'bula idonea, 
Lmwtia hemic?·ypta. 
Additionally, pieces of wood. 
Sample 66-5-10 from 0' 0" to l ' 0" above 
base of unit. 

6 Lithology: Heterogeneous lithology. Mix­
ing of dusky-olive, muddy, very fine sand 
with dark iron-brown, muddy, fine sand. 
Mottled. No bedding laminations. Lower 
contact quite undulating appearing as 
slight channeling. Upper contact grada­
tional. 
Fossils: Nicely preserved mollusc shells. 
Wear almost nonexistent. Decrease in 
density of accumulation. Unit 6 is approx­
imately 30 to 40 '/r fossil mollusc shells. 
Abundant articulated, double valves. 
Faunal list: A-TmTitella plebeia, C­
Gloss1(s fraternus ma?'ylandicus (double 
valves), Cerastodenna laqueata (double 
valves), N -Crassatella. tU?'gidula (double 
valves), Diplodonta acclinis (double 
valves), Astarte thisphila (double valves), 
LY?'opecten madisonius, Lunatia h61'os, 
Lunatia hemic?'ypta, F -Anaclara staminea, 
Vene?'icardia granulata (double valves), 
R-S iphonalia devexa, I sognomon maxil­
lata, Dosinia acetabula (double valves), 
Corbllla idonea. Additionally, pieces of 
wood. 
Sample 66-559 from 0' 6" to l' 6" above 
base of unit. 

5 Lithology: Yellowish-gray, slightly mud­
dy, fine sand. Some small lenses of very 
light-gray, well-sorted, fine to medium 
sand. Sorting increases upward. Due to 
fantastic accumulation of shells no sedi­
mentary structures can be seen. Lower 
contact gradational. Upper contact dis­
tinct, undulating, appearing to be scour 
and fill. 
Fossils: Tremendous accumulation with 
appearance of having been dumped. Ex­
tremely dense. Great range in sizes of 
shell s. Many shell s very well worn, in 
addition many well preserved. Abundant 
shell fragments. A vernge size of shells 
gradually increases upward. 
Faunal list: A-LY?'opecten madisonius, C­
Tu?'?'itella plebeia, T1I?Titelia plebeia val' . 
A, Macrocallista marylanclica, Balanus 
concavus, I sognomon maxillata, F-Canlita 
protracta, Crucibulu?n multilineatwn, 
Mercenaria spp., Astarte thisphila, Ce?'as­
toclerma laqueata., Lunatia h61'os, Luna­
tia hemicrypta, Corbula idonea, Lucinoma 
contracta, Anoclontia anoclonta, Ma?·tesia 
ovalis, Panope goldfussi, (double articu­
lated valves and in living position), Pa­
nope ame?'icana (double, articulated 
valves and in living position), Diploclonta 
acclinis, A nacla?'a staminea, Glossus fra­
te?'nus marylandicus, Caclulus newtonen­
sis, Me?'cenaria campechiensis capax, 

2' 6" 

4'0" 
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Me?'cena?'ia plena, Asaphis centenaria, 
C01'bula inaequalis, Dosinia acetabula, Ali­
gena aequata, Crassatella turgidula, Fis­
s/t?'idea fJriscomi, Abm·tella abe?·ti. 
Sample 66-5-7 from 0' 6" to l' 6" above 
base of unit. 
Sample 66-5-8 from 2' 6" to 3' 6" above 
base of unit. 

Total thickness of Drumcliff 
Member 

Calvert Beach Member 

4 Lithology: Olive-gray, slightly muddy, 
fine sand. First bed above vertical break 
in slope of outcrop . Easily disting uished 
from bed above, which is dry on the sur­
face, by being quite wet. Heavily bur­
rowed unit with burrows filled with shell 
hash. Lower contact gradational but des­
ignated at break to larger shell frag­
ments. Upper contact gradational to 
larger shell sizes but on weathered sur­
face placed at water line. 
Fossils: Predominantly shell filled bur­
rows. Shell material from Drumcliff Mem­
ber above. Shell material grades in size 
from smaller at base of unit to larger at 
top. Wear on sh ells common. Fragmenta­
tion of shell s common. Articulated, 
double valves rare. Most fragments not 
identified. Shell s 50 to 75 % of bed. 
Faunal li st: R-Astarte thisphila, Ly?'o­
pecten maclisonius, Turritella plebeia. 
Sample 66-5-6 from 0' 9" to l ' 9" above 
base of unit. 

3 Lithology: Dusky olive-gray, muddy, very 
fine sand. No apparent sedimentary struc­
tures. Lower contact gradational. Upper 
contact gradational. Burrowing intense. 
Fossils: This unit is highly burrowed. 
Burrows filled with shell hash mixed in 
burrow from above. Approximately 30 0/0 
of unit is shell hash , all pieces less than 
2 cm. Size and number of shell fragments 
grading upward in unit. 
No species identified. 
Sample 66-5-5 from 0' 0" to l' 0" above 
base of unit. 

2 Lithology: As unit 1, except: 1) burrows 
are longer (average 2.0 to 3.0 cm., 2) 
most burrows contain concentrated shell 
hash, and 3) shell filled burrows increase 
from base of unit upward. 
Fossils: Abundant shell hash in burrows. 
Rare Lyropecten maclisonius. 
Sample 66-5-3 from 0' 0" to l' 0" above 
base of unit. 
Sample 66-5-4 from 2' 0" to 3' 0" above 
base of unit. 

1 Li thology: Very dusky blue-green, muddy, 
very fine sand. Contains thin clay string­
ers (average about 2 cm. thick) laterally 
continuous at least a few hundred feet. 
Also a few discontinuous clay stringers. 
Many interesting sedimentary structures, 
including multi-walled, slime-lined, bi-

7'10" 

1' 0" 

4' 0" 



valve burrows, poss ible polychaete bur­
row, other burrows of unknown affinity, 
mottles, distorted laminations, and scour 
and fill structures. Nearly a ll burrows 
range in diameter f rom 1.5 to 2.0 cm. 
Lower contact covered. Upper contact 
gradational and r a th er arbitrary. 
Fo ssils,' Macrofossils extremely scarce 
frag ments and unidentified. A few very 
small bivalves. 
Sample 66-5-2 from l' 6" to 2' 6" above 
base of unit. 

Total thickness of exposed 
Calvert Beach Member 

Total thickness of exposed 
Choptank Formation 

Locality 66-6. Matoaka Cottages. 

10' 6" 

58' 1" 

0.3 mile north of Calvert Beach, Md. Calvert 
Cliffs on Chesapeake Bay, Calvert Co., Md. 38° 28' 
21" N. Lat. ; 76 ° 28' 58° W. Long. 

Unit Thickness 
Choptank Formation 

Boston Cliffs Member 

17 Lithology: Light orangish-brown, muddy, l' 0" 
fine sand. Mottled by iron oxide color 
streaks. No other apparent sedimentary 
structures. Lower contact gradational. 
Upper contact distinct. 
Fossils : Sparse. Calcareous shell material 
all leached. Random orientation and dis­
tribution. Species not identified. No 
sample. 

16 Lithology: Light orangish-brown, muddy, l ' 0" 
fine sand. Rather unique base fo r Boston 
Cliffs Member which is usually grada-
tional from St. Leonard Member. No ap-
parent sedimentary structures . Lower con-
tact distinct and quite sharp. Upper con-
tacts gradational. 
Fossils: Very jumbled with fragmenta­
tion common. Random orientation and dis­
tribution. Dense accumulation. 
F a unal list: LYTopecten madisonius, C?-as­
sos tna caToz.inensis, Balanus concavus, 
Mytilus conradinus, Cnwibu lmn costatum, 
A nada?'a staminea, Ccwdita P?'ot?'acta, 
Discinisca lugu b?'is , and bryozoans. 
Sample 66-6-23 from entire interval. 

Total th ickness of exposed 
Boston Cliffs Member 2' 0" 

St. Leonard Member- Type Section 

15 Lithology : Dusky greeni sh-blue, very 
muddy, very fine sand . With fairly big 
mottles and lenses of very li ght gray, 
well-sorted, fine sand. Lower contact gra­
dational. Upper contact distinct and fairly 
straight. 
Fo ssils: Mottles probably result of bivalve 
burrowing. Some burrows a lso contain 
concentrated shell hash . Other fossils 
random orientation and distribution. 
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Faunal li st : C-Mytilus cOn?'adinus, N­
Balanus concavus, F -Tu?Ti tella plebeia 
val'. A. 
Sample 66-6-21 from 0' 6" to l' 6" above 
base of unit. 
Sample 66-6-22 from l' 6" to 2' 6" above 
base of unit. 

14 Ldhology: Du sky green ish-bl ue, very 
muddy, very fine sand. Mottled by dusky­
green clay a nd pale yellowish-brown, 
sl ightly muddy, fine sand. Lo wer contact 
gradational. Upper contact gradational 
to differ ent fau na a nd increase in fauna . 
Fo ssils: Distinct increase in number of 
shells but still not a prolific accumulation. 
Some thin, undulating beds of thin shelled 
molluscs (Mytilus com'adinus) but ran­
dom distribution and orientation of other 
shells. 
Faunal list: VC-Mytilus cOn?'acl'inus, C­
Discinisca lugubTis, bryozoa ns, N-Lyro ­
pecten madisonius, Ce?'ostodenna laqueata, 
CTucibulum nmltilineatum. R-Ca?'d'ita 
lJ?'ot?·acta. 
Sample 66-6-18 from 0' 6" to l' 6" above 
base of unit . 
Sample 66-6-19 from 2' 6" to 3' 6" above 
base of unit. 
Sample 66-6-20 f rom 4' 6" to 5' 6" above 
base of unit. 

13 Lithology: Dusky greenish-blue, very 
muddy, very fin e sand. Mottled by dusky­
green clay and pale yellowish-brown, 
slightly muddy, fine sand . Con tact s grada­
tional. 
Fos sils : Sparse. Well preserved. Small 
foss ils a nd sm a ll fragments. Random dis­
tribution and orientation. 
F a unal list : N-Ensis ensijonn'is, Yolclia 
laevis, F-Ce?'astocle?'1na laqu eata, R-My­
tilul: conTaclinus, Balanus concavus, Ana­
cla?'a staminea. 
Sample 66-6-16 from 0' 6" to l' 6" above 
base of unit. 
Sample 66-6-17 from 2' 6" to 3' 6" above 
base of unit. 

12 Lithology: Dusky-blue, very muddy, very 
fine sand . No apparent sedimentary struc­
tures. Contacts gr adational. 
Fossils: Sparse. Well preserved. Random 
distribution and orientation. All disartic­
ula t ed. 
Faunal list: C-Ensis ensijonnis, Yoldia 
laevis, N -Ce?'astoclenna laqueata, Anaclara 
staminea. 
Sample 66-6-15 from 0' 6" to l' 6" above 
base of unit. 

11 Lithology: Dusky g r eenish -blue, very 
muddy, very fine sand . No apparent sedi­
mentary structures. Contacts gradational. 
Fos sils : Sparse. Well preserved. Nearly 
a ll disarticulated. 
Faunal list : C-Discinisca lugub?'is, N­
C?'assatella turg'iclula, R-M e?'cenaTia sp., 
Caclulus n ewtonensis, Ensis ensifo?'mis, 
C01'bula iclonea, LyTopecten maclisonius, 
A nacla?'a staminea, Lucinoma contracta. 
Sampl e 66-6-1 4 from 0' 6" to l' 6" above 
base of unit. 

6'0" 

4' 0" 

2' 0" 

2'0" 



10 Lithology: H etcl·ogeneous. Main lithology 
brownish-olive, muddy, fine sand. Mottled 
by dusky blue-green, very muddy, very 
fine sand. Latter lithology increasing to-
ward top of unit and grading into it. Ad-
ditional rare inclu sions of very light gray, 
well sorted, fine sand. Possibly some 
poorly defined, irregular, color-bedding 
laminations. Lower contact undulating but 
distinct. Upper contact undulating and 
somewhat gradational. 
Fo ssils : Somewhat sparse. Some may be 
reworked from Drumcliff Member below. 
Faunal List: N-Dosinia acetabula (nearly 
a ll double valves amI increasing in abun­
dance toward top of unit), Lucinoma con­
tracta (nearly all double valves), F ­
A nadara staminea (in small pocket, pos­
sibly reworked from Drumcliff Member), 
R-Discinisca lugubl'is, Corbula idonea, 
Glossus fl 'aternus marylandicus, Cl'assa­
tella turgidula, Cerastodenna laqueata. 
Sample 66-6-13 from entire interval. 

Total thickness of St. Leonard 

1'3" 

Member 19' 3" 

Drumcliff Member 

9 Lithology: Brownish-gray, muddy, fine 0' 8" 
sand. Rare small lenses of well-sorted, 
medium sand. One Panope americana, 
double valved and in living position filled 
with second lithology. No bedding lamina-
tions. Lower contact undulating strongly. 
Upper contact undulating slightly. Unit 
almost appears to pinch out in places. 
Fossils : Very well preserved shells. Many 
double valves. Slight tendency for local-
ized pockets. Fauna strongly dominated 
by Anadara and Astarte . 
Faunal list : A-A nadara staminea (some 
doubles), VC-A starte thisphila (more 
double valves than single, dissociated 
valves), F -G lossus j?'atel'lws mary landicus 
(more double valves than s ingle, disso­
ciated valves); R-Panope americana (all 
double valves, oriented in living position). 
Sample 66-6-1 2 from entire interval. 

8 L ithology: Dusky-blue, muddy, fine sand. 0' 10" 
No sedimentary structures. Contacts un­
dulating. 
Fossils: Shells excellently preserved. Bi­
valves predominantly double valves. 
Fauna dominated by Glossus fraternus 
marylandicus. Fauna not very diverse. 
Fauna list: VC-Glossus fratel'nus l1Wl'y­
landicus (double valves and single, disso­
ciated valves approximately equal in num­
ber), C-Turritella plebeia, N -Cemsto­
derma laqueata, Astarte thisphila. 
Sample 66-6-11 from entire interval. 

7 Lithology: Very pale orange, well-sorted, 0' 6" 
fine sand. Color mottled pale yellowish -
brown. Thickness varies from 0' 0" to 0' 
6". Contacts undulating . 
Fossils: None. 
Sample 6-6-10 from entire interval. 
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6 Lithology: Heterogeneous lithology. Very 0' 11" 
dark yellowish-brown, muddy, fine sand. 
Dusky brownish-blue, poorly sorted, mud-
dy, very fine sand. Very pale orange, well-
sorted, fine sand. Bed thickness distinctly 
varies within short di stances. Mottles of 
d ifferent sediment textures and colors. No 
bedding laminations. Lower contact undu-
lating. Upper contact undulating. 
Fossils: H eterogeneous distributions. Well 
preserved. Bed contains wood fragments 
all less than 3.0 cm. lon g. T hree main 
"end member" di stributions: 1) Beds u p 
to 10.0 cm. thick of extremely dense Tur­
l'itella plebeia but varying greatly in 
th ickness, even pinching out entirely. Con­
tacts undulating considerably; 2) Faunas 
strong ly dom inated by Glossus fl'atel'mLs 
marylandicus and Turritella plebeia . 
Thickness and corresponding preserved 
variable; 3) Very excellently preserved 
shells, some with r emnants of the original 
hinge ligament, most bivalves with double, 
articulated valves. Th ickness and corre­
spond ing lithology variable. 
Faunal List: C-Glossus fraternus mary­
landicus, Turritella plebeia, COl'bula ido­
nea Cerastoderma laqueata, F-Cras satella 
tUl'gidula, N -Lunatia heros, R-Scaphella 
typa, and an unidentified Lucinid. 
Sample 66-6-9 from entire interval. 

5 Lithology : Pale yellowish -gray, moder­
ately well sorted, fine sand . But with occa-
sional pebble s ize quartz grains. No sedi-
mentary structures. Lower contact grada-
tional. Upper contact distinct and undu-
lating. 
F()ssils : Extremely dense . Wear and frag· 
mentation fairly common. Random orien­
tation of all except Panope which always 
occurs in living position and Lyropecten 
madisonius near the center of the unit 
wher e large valves are flat lying. Seems to 
be a general gradation to la r ger shells 
and fragments from base of unit to cen­
tral area followed by a gradational de­
crease in size toward top of unit. Very 
diverse fauna with no faunal domination 
by a single or a few species . 
Faunal li st : Gastropods-T urritella plebeia, 
Lunatia heros, CnLcibulum mllltilineatwn, 
Crucibulml1 c08tat~Lm, L unatia hemi­
cl'ypta, Ecpohra quadricostata umbilicata, 
Vennetus gl'aniferus, Scaphella typa, 
S1phonalia de1.fexa, Ul'osalpinx c1nerea, 
T1l1'bonilla gubernatoria, L unatia dllpli­
cata, Calliost?'oma aphelia, Calliostoma 
philanthropa, Teinostoma calvM·tense, Fis ­
sm'idea g1'iscom1, Caecum patuxentium, 
Pleurotoma choptankensis, Nassarius sp.; 
Bivalves- LY1'opecten madisonius, Veneri­
canlia granulata, Glossus, fratel'nus 
marylanclicus, C1'assatella tUl'giclula, A na­
clal'a staminea, Corbula iclonea, Dosinia 
acetabula, Cerastoclerma laqueata, Ano­
dontia anoclonta, LVI acrocallista l1W1'ylancl­
ica, I sognomon ?naxillata, Pleiorytis cen-

6' 0" 



tenaria, Astarte thisphila, Mercenaria 
1)/ ena" M ercenaria mercenaria, M ercenaria 
ca?llpechiensis capax, NlI.cula proxima, 
YoMia laevis, A trina har?"is1:, Card'ita pro­
t?'acta, Luc'inoma contracta, Lucina crenu­
lata, Diplodonta subvexa, Al'igena aequata, 
A polY'l11.et·is /I'ip/'icata, Ga?"i gubernatoria, 
Ensis ensi/o?'1nis, Hiatella arctica, Panope 
americana, Anomia aculeata, Callocanl'ia 
(Ag1'iopoma) subnasuta, Mytilus con­
rad'inus, Semele subovata, Spisula sub-
1)a1'il'is, Pan01)e goldlussi. Miscellaneous­
Astrhelia palmata, Balanus concavus. 
Sample 66-6-6 from 0' 6" to l' 6" from 

base of unit. 
Sample 66-6-7 from 2' 6" to 3' 6" from 
base of unit. 
Sample 66-6-8 from 4' 6" to 5' 6" from 
base of unit. 

4 Lithology: Olive-brown, muddy, fine sand. 0' 1114" 
Weathers to pale yellowish-brown. Small 
lenses of very pale orange, well-sorted, 
fine sand with lenses less than 4 cm . No 
bedding laminations. Outcrop forms 
steeper slope than units above and below. 
Lower contact subtle, marked by 2 mm. 
iron-oxide stained fine sand. Upper con-
tact gradational. 
Fossils: Dense accumulation. All shells 
less than 4 cm. Fragmentation common. 
,,y ear common. Articulation common in 
small individuals but not in large ones. 
Many fragments not easi ly identified. 
Partial Faunal List: N -Astarte thisphila, 
TU1'1'itella plebeia, I sognomon maxillata, 
Cntcibulum multilineatmn, Balanus con­
cavus, Lyropecten maclisonius, Ttt1'1'itella 
1)lebeia val' . A, Lunatia heros. 
Sample 66-6-5 from entire bed. 

Total thickness of Drumcliff 
Member 9' 10 14" 

Calvert Beach Member 

3 Lithology: Bluish olive-green, muddy, l' 4" 
fine sand. Weathers to pale yello'wish-
bro'.vn. Rare small lenses of very pale 
orange, ,veil-sorted, fine sand, with lenses 
less than 4 cm. No bedding laminations. 
Lower contact gradational. Upper contact 
subtle 2 mm. iron-oxide stained, fine sand. 
Fossils: All shells less than 2 cm. Most 
fragments. Wear common. Apparent ran-
dom distribution. Fragments not identi-
fied. Identified mollusks are TU?'1'itella 
plebeia and Astarte thisphila. 
Sample 66-6-3 from upper 0' 6" of unit 3 
and bottom 0' 6" of unit 4. 
Sample 66-6-4 from 0' 6" to l ' 4" above 
base of unit. 

2 Lithology.. Dark grayish-blue, muddy, 
fine sand. Mottled by dark greenish-yellow 
mud. Lower contact gradational but 
marked by break to more vertical slope. 
Upper contact gradational. 
Fossils: Fragments concentrated in bur­
rows. Little wear on shell fragments. All 
shells and fragments less than 2.0 cm. 

2' 0" 

70 

Most fragments near sides of burrows are 
parallel to the wall s; most fragments 
near center of burrows are perpendicular 
to the walls. No fragments identified. 
Sample 66-6-2 from 0' 3" to l' 0" above 
base of unit. 

1 Lithology: Dark grayish-blue, muddy, fine 
sand. No bedding laminations. Mottled by 
grayish blue-green clay. Lower contact 
covered. Upper contact gradational. 
Fossils: Macrofossils scarce. Rare concen­
trated pockets of shell fragments which 
may be biogenic concentrations. No com­
plete burrow profile seen. Shell concentra­
tions are generally round and contain 
grayish blue-green clay as the mottles. No 
fragments identified. 
Sample 66-6-1 from 0' 6" to l' 4" above 
base of unit. 

Total thickness of exposed 
Calvert Beach Member 

Total thickness of exposed 
Choptank Formation 

Locality 66-1 2 . Boston Cliffs. 

l' 8" 

5' 0" 

36' 114" 

Choptank River. (Type section for the Choptank 
Fm. and for the Boston Cliffs Mbr.) 1.8 mile 
south southeast of Dover Bridge (bridge over 
Choptank River for Maryland Highway #331). 
Across Choptank River from Frazier Neck. 4.0 
miles southeast of Easton, Md., Talbot County. 
38° 44' 00" N. Lat.; 76 ° 00' 53" W. Long. 

Unit 
Choptank Formation 

Boston Cliffs Member-Type section 

7 Lithology: Yellowish-brown, well-sorted, 
fine sand. No sp.dimentary structures. 
Lower contact distinct and straight. Up­
per contact covered. 
Fossils: Extremely dense accumulation. 
Predominantly shell hash. Sponge boring 
common. 
Faunal list: A-LY1'opecten maclisonius, C­
Balanus concavus, F-Me1'Cena1'ia sp. 

6 Lithology: Yellowish-brown, slightly 
muddy, fine sand. No sedimentary struc­
tures. Oxidized upper Boston Cliffs bed. 
Slightly and locally indurated. 
Fossils: Large flat-lying bivalves. Dense 
accumulation. Random distribution. 
Faunal li st: F1-LY1'opecten maclisonius, C­
I sognomon maxillata, F -ijllcw?'ocallista 
ma1·ylanclica. 
Sample 66-12-6 from entire interval. 

5 Lithology: Reddish-brown, slightly fine 
sand. Rare mottles of very pale-orange, 
well-sorted, fine sand. No bedding lamina­
tions. Lower contact slightly undulating. 
Upper contact distinct and straight. 
Fo ssas: Increased macrofossil bed. In­
creased in llumber of large, flat-lying bi­
valves. Increased in number of shells. 
Very well preserved. Dense accumulation . 

Thickness 

0'8" 

1' 3" 

1'6" 



Distribution random. Sponge boring com­
mon. Large bivalves flat lying. 
Faunal list: A -LY1'opecten madisonills, 
Crassost1'ea ca1'olin ensi.s, V C-JlIJ aC1'ocallista 
lIw1'ylandica, A na da1'a staminea, C-M e1'­
cena1'ia spp., Balanus concavus, N -C01'­
bula idonea, F-Lllnatia he1'os, Turritella 
plebeia val' A., R-Epitoniurn l1w1'ylandi­
cum. 
Sample 66-12-5 from entire interval. 

4 Lithology: Reddish-brown, slightly mud­
dy, fine sand. No bedding laminations. 
Contacts slightly gradational and slightly 
undulating. 
Fossils: Reduced macrofossil bed. Reduced 
number of fossil shells and reduced num­
ber of large, flat-lying bivalves. Ver y 
nicely preserved shells . . 
Faunal list: N-C1'assatella ma1'ylandica, 
M a c1'ocallista man} landica, LY1'opecten 
madisoni1!S (small), F-Cm'astode1'ma la­
queata , Crassost1'ea ca1'olinensis, R-Diplo­
donta. sp., Semele su bovata, Lunatia he1'os, 
A sta1·te ob1'1tta., A nada?'a staminea, Bala­
nus concavus, Calliostoma wagne1'i, Cae­
cum patuxentimn, Polinices clupliccttus, 
Call oca1'dia (A g1'iopoma) subnasuta, 
Dosinia acetabula, Lucin cL crenulata. 
Sample 66-12-4 from 0' 3" to l' 3" above 
base of unit. 

3 Litho logy : Moderate reddish-brown, 
slightly muddy, fine sand. Mottled by 
very pale-orange, well-sorted, fine sand. 
No sed imentary structures. Contacts 
slightly gradational and sli gh tly undulat­
ing. 
Fossils: Increased macrofossil bed . Most 
strikingly increased in large, flat-lying bi­
valves. Also increased in numbers of fos­
sils. Very prolific accumulation. Nearly all 
large bivalves are flat lying, and most of 
those lie convex upward. Average size of 
bivalves here seems significantly larger 
than in outcrops on the Western Shore. 
Faunal diversity also seems higher than 
in Western Shore outcrops. Very nicely 
preserved fossils. 
Faunal list: A-Asta1·te obnLta, VC-Crasa­
tella ma1'ylanclica, A nada1'a staminea 
(some double valves), N -Co1'bula idonea, 
F-Lunatia heros, LY1'opecten maclisonius, 
T1!?TitcllcL vCl?'iabilis cmnbe?'/anclicL, M e?'­
cenaria spp., R-Ttt1'ritella plebeia val'. A, 
Balanus conccwus, Ecph01'a quacl1'icostata 
umbilicata, Discinisca lugub1'is, Calli­
OStOIlW wagne1'i, C1'ucibu lmn costatum, 
B1! sycon sp. 
Sample 66-12-3 from l' 0" to 2' 0" above 
base of unit. 

2 Lithology: Reddish -brown, fairly well 
sorted, fine sand. No sedimentary struc­
tures. Lower contact slightly gradational 
and undulating. Upper contact slightly 
gradational and slightly undUlating. 
Fossils: Very sparse. A few fragments, 
mostly unidentified. Only a small Lyro­
pecten maclisonius identified. 

1'6" 

2' 6" 

2' 6" 
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Sample 66-12-2 from l' 0" to 2' 0" above 
base of unit. 

1 Lithology: Reddish-brown, muddy, fine 2' 10" 
sand. No apparent sedimentary structures. 
Lower contact covered. Upper contact un-
dulating and gradational. 
Fossils: Very dense accumulation. Appar­
ent random orientation and distribution. 
Wear and fragmentation common. Oysters 
particularly worn. Sponge boring common. 
Faunal diversity low. 
Faunal list : FI-C1'assostr ea ca1'olinensis 
(many in clusters but nearly no double 
valves), A -Balanus concavus, F-Me1'ce-
1wria sp., Isognomon max illata. 
Sample 66-12-1 from 0' 6" to l' 6" above 
base of unit. 

Total thickness of exposed 
BORton Cliffs Member 

Locality 66-14. Dntrncliff. 

12'9" 

Natural cliff in southwestern bank of Patuxent 
River. Between Cole Cr. and St. Thomas Cr. 3.0 
miles south of Hollywood, Md. Across Patuxent 
River, straight south, from Broomes Island. St. 
Marys Co., Md. 38° 23' 19/1 N. Lat.; 76 ° 33' 37/1 
W. Long. 
(Called both "Drum Cliff" and "Jones Wharf" in 
the Md. Ceo!. Surv. 1904 Miocene Report). 
Lower part of this outcrop was seen only after 
high, heavy wave erosion had cleaned out debris 
from base of outcrop. Additionally, Calvert Beach 
Member was seen only at low t ide. 

Unit Thickness 
Choptank Formation 

Boston Cliffs Member 
Undescribed and unmeasured. 

St. Leonard Member 

St. Leonard sand filling deep channels 
down into Drumcliff Member. Channels 
3 to 5 feet wide and 3 to 4 feet deep. 
Unmeasured. 

Drumcliff Member-Type section 

16 Lithology: Light orangish-brown, slightly 3' 0" 
muddy, fine sand. Gradational unit from 
unit 15 below and forming a receding 
ledge away from prominence of unit 15 
ledge. No sedimentary structures. Lower 
contact gradational. Upper contact sharp 
and distinct--channeled from above and 
filled with non-fossiliferous St. Leonard 
sand. 
Fossils: Tremendous accumulation of 
shells with appearance of having been 
dumped in. Decrease in shell size from 
unit 15. Fauna even more diverse than 
unit 15. Tremendous abundance of very 
small molluscs. Fragments abundant. 
Partial faunal list: Isognomon maxillata, 
Cm'astoclenna laqueata, Anadara stami­
nea, Lunatia heros, lI1ac1'ocallista mary-



Tandica, C01'bltla idonea, Ecph01'a qnacl?'i­
costata wmbil'icata, T~oTitella plebeia, 
Betlamls cOllca U1(S, LY?'opccten ?nadisonius. 
Sample 66-1 4-11 from 0' 6" to l' 6" above 
base of unit. 

15 Lithology: Reddish-brown, muddy, fine 
sand. Upper prominent ledge. No sedi­
mentary structures. Contacts gradational. 
Fossils: Tremendous accumulation of 
shell s with appearance of having been 
dumped in, Random distribution and 
orientation, Very diverse fauna. Tremen­
dous abundance of very small molluscs. 
Increased macrofossil bed, Partial faunal 
li st: M aC?'ocali'ista ?Ilarylanclica, Lnnatia 
hc?'os, Tw-ritella plebeia, Tnn'it ella ple­
beia val'. A., LY?'opecten maclisonius, Cer­
astocienna laqueata" CO?'bnla iclonea, Bal­
anns concavus, Cnlssa,telia turgiclnla, 
A nadara stconinea. 
Sample 66-1 4-10 from 0' 6" to l' 6" above 
base of unit. 

14 Lithology: Very pale-orange, well-sort ed, 
medium sand . N onrE'si stant bed . No sedi­
mentary structures. Contacts gradational. 
Fossils: Gradational between reduced 
macrofossil bed below (unit 13) and in­
creased macrofossil bed above (unit 15). 
Vertical concentrations of Tnrritella. Most 
bivalves and T'Il?'?'itelia fiat lying. Well 
preserved. 
Partial faunal li st: FI-TmTitella 1Jlebeia, 
N -LY?'opecten ma,clisonins Pano1Je amen­
ccma (all double valves in living position), 
CO?'imla hlonca, F-Lmwtia H eros, NJac?'o­
cal/ista ma1"ylanclica, M enenar'ia campe­
cit iensis cunea ta. 
Sample 66-14-9 from 0' 6" to l' 6" above 
base of unit. 

13 Lithology: Very pale-orange, well-sort ed, 
fine to medium sand , Minor resistant 
layer. No sedimentary structures. Con­
tacts gr adational. 
Fossils: Well preserved , Moderate accu­
mulation, Random distribution. Reduced 
macrofossil bed-reduced number of large, 
flat-lying bivalves. 
Partial faunal l ist : VC-Turritella plebeia, 
F -Lyropecten maclisonius, Panope ameri­
cana. 
Sample 66-1 4-8 from entire interval. 

12 Lithology: Very pale-orange, well-sorted, 
fine to medium sand , Rarely mottled by 
orangish-white, well -sorted, fine sand. No 
bedding laminations. Forms nonresistant 
outcrop. Contacts gr adational. 
Fo ssils: Reduced macrofoss il bed. Reduced 
nu mber of large macrofossils . Reduced 
number of shell s, Some TmTitella appear 
in vertical concentrations . W ell preserved. 
Pa,nope all occur with double valves and 
in living position. 
Faunal li st: VC-Tnn'ite lla plebeia, F­
Panope americana, Ce?'astoclenna la­
q~wata. 

Sample 66-1 4-7 from l' 0" to 2' 0" above 
base of unit. 

11 Lithology: Moder ate-brow n, muddy, fine 
sand. Forms prominent r esistant ledge. 

2'0" 

2'0" 

0'6" 

3'0" 

1'6" 
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No sedimentary structures . Contacts gra­
dational. 
Fossils : Increased macrofossil bed. In­
creased number of foss il shells and in­
creased number of large, flat-lying bi­
valves. Well preserved . Random distr ibu­
tion. 
Partial faunal list: FI -Isognomon maxil­
lata, A-LnnathL hm'os, Tw -ritella plebeia, 
C-Ly?'opecten maclisonins, N -Balanns con­
cavns, M e?'cencwia campechiensis cnneata 
(some doubl e valves), Cm'astoclenna la­
questa, Mac?'ocall-ista 1?w?·ylanclica. 
Sample 66-14-6 from entire interval. 

10 Lithology: Very pale-orange , fairly well 
sorted, fine sand. No sedimentary struc­
tures. Contacts gradational. 
Fossils: Reduced macrofossil bed. Re­
duced number of fossils and number of 
large, flat-lying bivalves . Well preserved. 
Random di stribution. 
Faunal list: N -Tw-ritella pleb eia, F -Luna­
tia heros, Ce?'astoc/enna laqueata. 
Sample (None) . 

9 Lithology: Pale yellowish-brown, slightly 
muddy, fine sand. No sedimentary struc­
tures. Contacts gradational. 
Fossils: Increased macrofossil bed. In­
creased number of large, flat-lying bi­
valves. Well preserved. Random distribu­
tion. 
Faunal li st: C-Cm'astocler1?W laqueata, 
Lunatia hc?'os, M e?'cenaria campechiensis 
cuneata, Mac?'ocallista mCL?'ylandica, N­
COTbn la iclonea .. 
Sample 66-14-5 includes units 7, 8, and 9. 

8 Lithology : Very pale-orange, fairly well 
sorted, fine sand. No sedimentary struc­
tures. Contacts gradational. 
Fossils: Reduced macrofossil bed. Re­
duced number of fossi ls and number of 
large flat-lying bivalves. Well preserved. 
Random distribution. 
Faunal li st: N -Tnn'itella plebeia, F -Ln ­
natia heros, Cerastodenna laqneata. 
Sample G6 -1 4-5 includes uni ts 7, 8 and 9. 

7 Lithology: Pale yellowish-bro wn, sl ightly 
muddy, fin e sa nd. No sedimentary struc­
tures , Contacts gradational. 
Fo ss'ils: Increased macrofossil bed. In­
creased number of large, fl a t -lying bi­
valves. W ell preserved. Random distribu­
t ion. 
Faunal li st: C-Cerastodenna laqueata, 
Lnnatia he?'os, M eTce?w?'ia campechiensis 
cuneata, ill{ aC?'ocallista 'l?1[(.?·yland'ica, N­
CO?'bula idoneCL, F -Panop6 conm'icana 
(double valves and in living position) . 
Sample 66-14-5 includes units 7, 8, and 9. 

6 L itholorm: Very pale-orange, fairly well 
sorted, fin e sand. No sedimentary struc­
hIres. Contacts gradational. 
Fo ssils : Red uced macrofossil bed. Reduced 
in overall number and redu ced in number 
of large, flat -ly ing bivalves . Well pre­
served, Sli g'ht indication of some vertical 
concentrations possibly representing bur­
row fillings. 
Faunal li st : N -TmTitella plebeia, F -Lun-

0'6" 

0' 6" 

0'6" 

0' 6" 

4'0" 



atia heros, Cerastoderma laqueata, Me1'­
cenaria campechiensis cuneata. 
Sample 66-14-4 from l' 6" to 2' 6" above 
base of unit. 

5 Lithology.' Very pale-orange, well-sorted, l' 10" 
fine sand. No sedimentary structures. 
Contacts gradational. 
Fossils.' Slightly increased macrofossil 
bed. Bed of increased large, flat-lying bi­
valves. Well preserved. Many articulated, 
double valves. 
Faunal list: C-Mercenaria spp., F-Ano­
dontia anodonta, Turritella plebeia. 
Sample 66-14-3 from 0' 0" to l ' 0" above 
base of unit. 

4 Lithology.' Very pale-orange, well-sorted, 4' 0" 
fine sand. Lenses of light orangish-brown, 
slightly muddy, fine sand. No bedding 
laminations. Forms non-resistant outcrop. 
Contacts gradational. 
Fossils.' Small macrofossils. Reduced 
macrofossil bed. No large macrofossils. 
Some fragments. Turritella plebeia only 
macrofossil identified. 
Sample 66-14-2 from 2' 0" to 3' 0" above 
base of unit. 

3 Lithology.' Very pale yellowish-brown, 2' 0" 
slightly muddy, fine sand. Mottled by very 
pale-orange, well-sorted, fine sand. Unit 
form s a slight ledge. Lower contact 
slightly undulating and slightly grada-
tional. Upper contact gradational. 
Fossils.' Fragments very abundant. 
Larger bivalves predominantly flat lying. 
Most fragments unidentified. 
Partial faunal list: A -Turritella plebeia, 
VC-Ce1'astodenna laqueata. 
Sample 66-14-1 from 0' 10" to l' 6" above 
base of unit. 

2 Lithology.' Olive-gray, muddy, fine sand. 1'11" 
Extensively burrowed, possibly by bi-
valves. Lower contact slightly undulating 
and marked by appearance of Isognomon. 
Upper contact gradational. 
Fossils.' Low faunal diversity. High 
faunal dominance. Four dominant forms 
are well preserved. Large bivalves exhibit 
tendency for flat-lying. Corals tend to be 
clumped. 
Faunal list : F1-Isognomon 1naxillata, VC­
Astrhelia palmata, C-LY1'opecten madi­
sonius, N -Placopecten 'I1w1·ylandicus. Addi­
tionally, some rare pockets of unidentified 
shell hash. 
Sample (None). 

Total thickness of 
Drumcliff Member 

Calvert Beach Member 

1 Lithology.' Olive-gray, muddy, fine sand. 
Extensively burrowed possibly by bi­
valves. Lower contact Patuxent River 
water level at low tide. Upper contact 
slightly undulating and marked by ap­
pearance of Isognomon. 
Fossils.' No preserved hard parts of 
macroscopic animals. Biogenic activity 
preserved as burrows. 

27'9" 

l ' 0" 
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Sample (None). 

Total thickness of measured 
Choptank Formation 

Locality 66-25. Flag Pond II. 

28'9" 

At south end of long line of continuous cliffs south 
of Flag Ponds. 2.0 miles south of Long Beach, 
Md. Natural outcrop in Calvert Cliffs along the 
Chesapeake Bay. Calvert Co., Md. 38 0 26' 16" N. 
Lat.; 76 0 26' 40" W. Long. 

Unit 
St. Marys Formation 

Lowest unit has dark chocolate-brown, 
muddy, fine sand and contains a shell 
hash. 
Sample 66-25-23 from 0' 0" to 0' 7" above 
base of formation. 
Sample 66-25-24 from l' 11" to 2' 11" 
above base of formation. 
Sample 66-25-25 from 4' 6" to 5' 5" above 
base of formation. 
Sample 66-25-26 from 6' 11" to 7' 11" 
above base of formation. 
Sample 66-25-27 from 9' 5" to 10' 5" above 
base of formation. 
0' 7" Prominent indurated ledge starting 
12' 7" above base of St. Marys Formation. 

Choptank Formation 
Conoy Member 

21 Lithology.' Dusky greenish-blue, muddy, 
very fine sand. Subtle mottles of light 
grayish-green, muddy, very fine sand. 
Parallel, continuous, thin, bedding lamina­
tions. Variable distance separating lami­
nae, up to 2.0'. Lower contact distinct and 
slightly undulating. Upper contact dis­
tinct and slightly undulating. 
Fossils.' Rare. Predominantly thin-shelled 
bivalves. Rare small ?burrow concentra­
tions of small fragments, otherwise ran­
dom distribution. 
Faunal list: R-Yoldia laevis, Atrina ha1'­
risii, ?Ensis ensijonnis, Ecphora quadri­
costata. 
Sample 66-25-19 from 0' 0" to l' 0" above 
base of unit. 
Sample 66-25-20 from 2' 6" to 3' 6" above 
base of unit. 
Sample 66-25-21 from 5' 0" to 6' 0" above 
base of unit. 
Sample 66-25-22 from 7' 6" to 8' 1" above 
base of unit. 

20 Lithology.' Dark olive-brown, very mud­
dy, fine sand. Mottled by r eddish -brown, 
sl ightly muddy, fine sand. Rare mottles of 
dusky greenish-blue, muddy, very fine 
sand. No bedding laminations. Hetero­
geneous sediments. Contacts slightly un­
dulating. 
Fossils.' Quite common. Many probably re­
worked from Boston Cliffs Member. Wear 
and fragmentation common. Random dis­
tribution. Larger shells flat lying. Smaller 
shells seem randomly oriented. 

Thickness 

8'1" 

l' 6" 



Faunal list: C-LY1'opccten madisollins, N­
Mytilus com'adinus, Balanus concavus, 
Dosillia acetabula, Tnn'itel/a plebeia, F ­
Ce1'astodenl1a laqu cata" Me1'cella1'ia sp. 
(some double va lves ), R-Isognomon 
maa:illata. 
Sample 66-25-18 from 0' 3" to l' 3" above 
base of unit. 

Total thickness of Conoy 
Member 9' 7" 

Boston Cliffs Member 

19 Lithology: Grayish-blue, very muddy, very 0' 10" 
fine sand. Indurated unit. No apparent 
sedimentary structures. Contacts slightly 
undulating and distinct. 
Fossils: Abundant, large, flat-lying Lyro­
pecten madisonius . Some molds and casts. 
Shells partially or completely leached. 
No sample. 

18 Lithology: Reddish-brown, muddy, fine 0' 6" 
sand. Oxidation causing color mottling 
with various browns, reds, and oranges. 
Contacts slightly undulating and distinct. 
Fo ssils: Abundant, large, fl at-lying Lyro-
pecten madisonius. 
Sample 66-25-17 from entire interval. 

17 Lithology : Light-gray, very poorly sorted, 0' 10" 
fine sand. No apparent sedimentary struc-
tures. Contacts undulating and distinct. 
Fo ssils : Prolific accumulation. Predomi-
nantly large, flat-lying bivalves. Random 
distribution. 
Faunal list: A-LY1'opecten madisonius, 
VC-At1'ina han'isi, C-Macrocallista l1ta1'y­
landica, R-Crucibulum multilineatum. 
No sample. 

16 Lithology: Dark-brown, slightly muddy, 2' 0" 
fine sand. No sedimentary structures. 
Lower contact sli ghtly gradational and 
essentially straight. Upper contact un­
dulating and distinct. 
Fossils: Prolific accumulation of shells. 
Fragments common but distinct propor­
tiona te increase in large, complete bi­
valves. Large bivalves predominantly flat 
lying. Some wear on specimens. Random 
distribution. 
Faunal list: C-Lyropecten madisonius, 
Dosinia acetabula, M aC1'ocallista mary­
landica, N -Cerastoderma laqueata, Bala­
nus concavus, Corbula idonea. 
Sample 66-25-16 from l' 0" to 2' 0" above 
base of unit. 

15 Lithology: Light-gray, well-sorted fine 
sand. Mottled by r eddish-brown, muddy, 
fine sand. Also small lenses of light-gray 
clay which are indurated. No bedding 
laminations. Contacts slightly gradational. 
Fo ssils: Prolific accumulation. Very 
hashy. Abundant fragmentation of shells. 
Wear common. Large proportion of frag­
ments are flat lying. Random distribution. 
Faunal list: VC-LY1'opecten madisonius, 
Anacla1'a staminea, N -Balanus concavus, 
Tun'ite lla plebeia var. A., Corbula idonea, 
F -Mytil1LS conradinus, Dosinia acetabula, 
R-Astarte obruta, Crassostrea carolinen­
sis. 

74 

Sample 66-25-14 from 0' 3" to l ' 3" above 
base of unit. 
Sample 66-25-15 from 2' 3" to 3' 3" above 
base of unit. 

14 Dithology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale-orange, 
well-sorted, fine sand. No bedding lamina­
tions. Contacts undulating and slightly 
gradational. 
Fossils: Prolific accumulation. Very 
hashy. Some specimens well worn, others 
well preserved. A concentrated pocket of 
A nadara staminea, otherwise, random 
orientation and distribution. Abundant 
fragmentation of shells. 
Faunal list: VC-LY1'op ecten madisonius, 
C1'assostrea ca1·oz.inensis, C-A nacla1'a 
stam'inea" Ba,lanns concavus, Cerasto­
derma la,q'ILeata, N-Co1'bula iclonea, Dosi­
nia acetabula, F-TwTitella plebeia val'. A, 
R-Astarte obruta. 
Sample 66-25-13 from l' 0" to 2' 0" above 
base of unit. 

13 Lithology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale­
orange, well-sorted, fine sand. No bedding 
lam inations. Contacts undulating and 
sli ghtly gradational. 
Fossils: Reduced macrofossil bed. Reduced 
number of macrofossils. Reduced number 
of large, flat-lying bivalves. Whole as­
semblage looks more jumbled and dumped 
than unit 12. Random orientation and dis­
tribution. Fragments numerous. Some 
specimens worn. 
Faunal list: C-Balanus concavus, N -LY1'o­
pecten maclisonius, C01'bula idonea, Ana­
da1'a staminea, Ce1'astodenna laqueata, 
Tun'itella plebeia var. A, F-Macrocallista 
l1ta1'y lanclica, M e1'cena1"ia sp ., R-Mytilus 
sp. 
Sample 66-25-12 from entire unit. 

12 Lithology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale­
orange, well-sorted, fin e sand. No bedding 
laminations . Contacts undulating and 
slightly gradational. 
Fossils: Increased macrofossil bed. Large, 
flat-lying bivalves abundant. No wear. 
Beautifully preserved. Some bivalves with 
remnants of original hinge ligament. Some 
bivalves with shell coloraticn preserved. 
Few fragments. 
Faunal list: VC-Macrocallista mary­
lanclica (many double valves), Dosinia 
acetabula (many double valves), Corbula 
idonea (many double valves) C-Ce1"asto­
cle1'ma laqueata, N -C1'assatella ma1"y lan­
clica (many double valves) . 
Sample 66-25-11 from entire interval. 

11 Li thology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale­
orange, well-sorted, fine sand. No bedding 
laminations. Contacts undulating and 
slightly gradational. 
Fo ssils: A nacla1'a staminea bed. Increased 
macrofossil bed. Well preserved. Little 
wear. A few large, flat-lying bivalves. 
Rare fragments. A great concentration 
of Anadara, both double and single valves. 

2'3" 

1'0" 

1'0" 

0'8" 



Faunal list: F1-Anada1'a staminea, R­
M aC1'ocallista l1tarylandica, C erastoderma 
laqueata, Astarte obruta, Dosinia aceta­
bula, Turritella variabilis cttmberlandia. 
Sample .66-25-10 from entire interval. 

Total thickness of Boston Cliffs 
Member 13' 2" 

St. Leonard Member 

10 Lithology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale­
orange, well-sorted fine sand. No bedding 
laminations. Lower contact fairly distinct, 
marked by appearance of large complete 
bivalves. Upper contact undulating and 
slightly gradational. 
Fossils: Increased macrofossil bed. Great 
increase in complete, la r ge, flat-lying bi­
valves. Well preserved. Little wear. Few 
fragments . Faunal list: A-Anada1'a sta­
minea (some tremendous local layers), 
VC-Lyropecten madisonius (many double 
valves), Macrocallista ma1'ylandica (many 
double valves), C-Cerastoderma laqueata, 
F -M ercenaria sp., C1'assatella mary­
lanclica. 
Sample 66-25-9 from 0' 0" to l' 0" above 
base of unit. 

9 Lithology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale­
orange, well-sorted, fine sand. No bedding 
laminations. Contacts gradational. 
Fossils: Prolific shell bed. Increased 
amount of shell material. Increasing shell 
size to appearance of complete specimens. 
Wear abundant. Fragments very common. 
Faunal list : Mytilus conradinus, Turri­
tella plebeia var . A., LY1'opecten maclison­
ius, Crassatella ma1'ylanclica, Anadara 
staminea, M acrocallista ma1'y landica, Do­
sinia acetabula, Asta1·te obruta, Balanus 
concavus, Crassostrea carolinensis, Ano­
dontia anodonta. 
Samples 66-25-8 from 0' 6" to l ' 6" above 
base of unit. 

8 Lithology: Moderate-brown, slightly mud­
dy, fine sand. Mottled by very pale­
orange, well-sorted, fine sand. Also some 
mottles of dark olive-brown, sligh t ly mud­
dy, fine sand. No bedding laminations. 
Contacts gradational. 
Fossils: A non prolific shell unit. Wear 
common. Fragments common, but none 
identified. Fragments may have come from 
unit 9, above, as a result of biogenic 
activity. 
Sample 66-25-7 from 0' 0" to l' 0" above 
base of unit. 

7 Lithology : Dark olive-brown, muddy, 
fine sand. Mottled by moderate-brown, 
slightly muddy, very fine sand. Rare small 
dusky greenish-blue, muddy, very fine 
sand. No bedding laminations. Contacts 
gradational. 
Fossils: Very rare. Only one identified, 
Astarte thisphila? 
Sample 66-25-6 from 0' 6" to l' 6" above 
base of unit. 

2'2" 

l' 6" 

2' 6" 
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6 Lithology: Dark olive-brown, muddy, 
fine sand. Mottled by moderate-brown, 
slightly mottled, fine sand. Rare dusky 
greenish-blue, muddy, very fine sand. No 
macrofossils seen. 
Sample 66-25-5 from 0' 6" to l ' 6" above 
base of unit. 

2'0" 

5 Lithology: Dark olive-brown, muddy, fine l' 6" 
sand. Rare mottles of dusky greenish-blue, 
muddy, very fine sand. Mottling probably 
result of biogenic activity. Contacts gra­
dational. 
Fossils : Few unidentifiable fragments 
seen. 
Sample 66-25-4 from 0' 0" to l' 0" above 
base of unit. 

4 Lithology: Strikingly mottled. Dusky l' 0" 
greeni sh-blue, very muddy, very fine sand. 
Mottled by dark olive-brown, very muddy, 
very fine sand . Mottled by moderate-
brown, sli ghtly muddy, fine sand. Mot-
tling probably the result of biogenic ac-
tivity. Contacts gradational. 
Fossils: Few unidentifiable fragments of 
calcareous shells. 
Samples 66-25-3 from entire interval. 

3 Lithology: Dusky greenish-blue, very 2' 0" 
muddy, fin e sand. Mottled by light-gray, 
well-sorted, fine sand. Also mottled by 
moderate-brown, slightly muddy, fine 
sand. Inten sely burrowed. Contacts grada-
tional. 
Fossils : Mostly small unidentifiable frag­
ments. N onprolific shell unit. Random dis­
tribution. 
Faunal list: N-Ensis ensiformis , F-Dis­
cinisca lugub1'is, R-Ce1'astodenna la­
queata. 
Sample 66-25-2 from 0' 0" to l' 0" above 
base of unit. 

2 Lithology : Dusky greenish-blue, very l ' 0" 
muddy, very fine sand. Rare mottles of 
li ght-gray, well-sorted, fine sand. Heavily 
burrowed. No bedding laminations. On 
weathered surface unit is bluer and mud-
dier than St. Leonard sediments above. 
Lower contact gradation al and irregular. 
Upper contact gradational. 
Fossils: A nonprolific shell unit, but still 
a few shells . Nearly a ll specimens double 
valved and in living positions. No single 
bivalve found. Profuse biogenic activity. 
Difficult to dig out enough of thin shells 
from dense sediments to identify. Well 
preserved. 
Faunal li st : F -Ga1'i gu bernato1'ia (all 
double valved and in living position), Dis­
cinisca lugub1'is, R-Cerastoderma la­
queata. 
Sample 66-25-1 from entire interval. 

Total thickness of St. 
Leonard Member 15' 4" 

Drumcliff Member 

1 Litho logy: Dusky-blue, muddy, fine sand. l' 0" 
No sedimenta r y structures. Lower contact 
covered. Upper contact grada tional and 
irregular, based on presence of fossils be-



low contact and absence of prolific fossils 
above. 
Fossils: Prolific accumulation of shells. 
Mostly thin-shelled individuals. Random 
orientation and distribution. Fairly high 
faunal diversity. Well preserved. 
Partial faunal list: VC-Mytilus conmcli­
nus, C-Cerastoclerma laqueata, Balanus 
concavus, N-Corbu la idonea, Anodontia 
anoclonta, F -M aC?'ocallista marylanclica, 
Lyropecten maclisonius . 
Sample 66-25-28 from entire interval. 

Total thickness of exposed 
Choptank Formation 39' 1" 

LO'cality 67-65. Calvert Beach. 

Natural exposure in Calvert Cliffs· along western 
shore of Chesapeake Bay at Calvert Beach, Md. 
Calvert Co., Md. 38° 28' 05" N. Lat.; 76 ° 28' 37" 
W. Long. 

Unit; Thickness 
Choptank Formation 

Drumcliff Member 

12 Li thology: Pale reddish-brown, very mud- 6' 0" 
dy, fine to medium sand. No apparent 
sedimentary structures. Lower contact 
gradational. Upper contact distinct. 
Fossils: Very dense accumulation. Ac­
cumulation very jumbled. Shells all 
leached out. No species identified. No 
sample. 

11 Lithology: Pale reddish-brown, very mud- l' 0" 
dy, fine to medium sand. No sedimentary 
structures seen. Contacts gradational. 
Fossils: Dense accumulation of shells. 
Jumbled accumulation. Great range in 
sizes of specimens. Little wear. High 
faunal diversity. 
Faunal list: VC-Turritella plebeia, C­
Ce?'astoderma laqueata, LY1'opecten madi­
sonius, N-Macrocallista marylandica, Dis­
cinisca lugub?'is, F-Lunatia heros, G~ossus 
fraternus marylandicus, Mercenaria sp., 
R-Astarte thisphila, Panope americana 
(double valves and in living position), 
Pleio?'ytis centenaria. 
Sample 67-65-10 from 0' 6" to l' 0" above 
base of unit. 

10 Lithology: Heterogeneous. Dusky yellow 2' 1" 
ish-brown, muddy, fine sand. Pale yellow­
ish-brown, muddy, fine sand. Dusky-blue, 
muddy, fine sand. Some definite burrow-
ing. Contacts gradational. 
Fo ssils: Very dense accumulation of 
shells, very jumbled accumulation. High 
faunal diversity. Fairly high faunal dom­
inance. 
Partial faunal list: F1-1 sognomon maxil­
lata (many double valves), Ast?'helia pal­
'Illata, VC -Balantls concavus, C-Tu?'?'itella 
plebeia, N-Discinisca lugub1'is, F-Ly?'o ­
pecten madisonius. 
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Sample 67-65-9 from 0' 6" to l' 6" above 
base of unit. 

Total thickness of exposed 
Drumcliff Member 

Calvert Beach Member-Type section 

9 Lithology: Dark greenish-gray, muddy, 
fine sand. Mottled by light-gray, well­
sorted, fine sand probably as a result of 
burrowing. No bedding laminations. 
Lower contact straight and clearly de-
fined. Upper contact gradational. 
Fossils: Only fine shell hash. All frag­
ments less than % inch . 
Sample 67-65-8 from 0' 6" to l' 6" above 
base of unit. 

9'1" 

1'9" 

8 Lithology: Olive-gray, muddy, very fine 2' 6" 
sand. Local scour and fill structures. 
Multi-walled, slime-lined, vertical, bivalve 
burrows. Burrow laminae fiat bottomed in 
vertical burrows. Burrows constant diam-
eter. Many burrows filled with light-gray, 
well sorted, fine sand, and some filled with 
dark greeni sh-yellow, muddy fine sand. 
Contacts straight and clearly defined. 
Fos sils: Bivalves all double and in living 
position. Some subtle layering of TU?'Ti-
tella. Strong pocketing of TW'Titella. 
F a unal list: VC-Turrite lla plebeia, F­
Lucinoma contracta, DilJlodonta subvexa, 
R-LY1'opecten madisonius. 
Sample 67-65-7 from 0' 9" to l' 9" above 
base of unit. 

7 Lithology: Dark grayish-green, very mud- 2' 6" 
dy, very fine sand. Local scour and fill 
structures. Multiwalled slime-lined bi-
valve burrows inclined, vertical,' and 
nearly horizontal. Burrow laminae fiat 
bottomed in vertical burrows. Laminae 
slightly concave in inclined or nearly 
horizontal burrows. Burrows constant di-
ameter. Contacts straight and clearly de-
fined. 
Fossils: Bivalves all double and in living 
position. Some subtle la yering of Tur?'i­
tella. Strong pocketing of Turritella. 
Largest TU?'Tite lla pocket 13 inches across 
and 4 inches deep. Some TW'rite lla pockets 
appear as scour and fill structures. 
Faunal list : VC-Tu?'ri tella plebeia, F'-Lu­
cinoma contracta, Diplodonta subvexa, R­
LY1'opecten madisonius. 
Sample 67-65-6 from 0' 9" to l' 9" above 
base of unit. 

6 Lithology: Dark grayish-green, muddy, 0' 3" 
silt. Profusely burrowed. No bedding lam-
inations. Lower contact straight and 
clearly defined. Upper contact straight 
and distinct. 
Fo ssils: Rare small snails. 
Faunal list: R-TmTitella plebeia. 
Sample 67-65-5 from entire interval. 

5 Lithology: Dark grayish-green, muddy, 0' 11" 
very fine sand. Scour and fill structures 



up to ten inches across and four inches 
deep. Multiwalled, slime-lined burrows 
vertical, inclined, and nearly horizontal. 
Most all bottom laminae in burrows flat 
except in inclined burrows where some 
are curved downward approaching shape 
of burrow. Burrows nearly constant di­
ameter. Contacts straight and clearly 
defined. 
Fossils,' Somewhat reduced in number of 
shells from unit 4. Nearly all complete 
specimens. May well be a living assem­
blage. Well preserved. Bivalves double 
and in living position. 
Faunal list: VC-Turritella plebeia, C­
bryozoans, F -Diploclonta subvexa, Glossus 
jTaternus ?1ta1'ylanclicus, Balanus con­
cavus, R-Ensis ensijormis, Lucinoma con­
t1·acta. 
No sample. 

4 Lithology,' Dark grayi sh-green , very 
muddy, very fine sand. Possibly some lo­
calized, thin, irregular, wavy bedding. 
Some scour and fill structures. Profusely 
burrowed by bivalves and possibly poly­
chaetes. Abundant multi-walled, slime­
lined burrows. Lower contact slightly 
gradational. Upper contact straight and 
clearly defined. 
Fossils,' Increase in shell material from 
unit 3. Shell hash more common than 
lower beds. Strongly dominated by Turri­
tella lJlebeia. 
Faunal list: A -Tw'ritella plebeia, C-bryo­
zoans, N-Glossus .h·atm·nus marylanclicus, 
F -Lucino1na cont1'Ctcta, LYTopecten macli­
sonins, R-Tw'1'itella ~'ariabilis cumbe1'­
lanclia, Discinisca lugubris, M ercenaTia 
sp., and pieces of wood. 
Sample 67-65-4 from 0' 5" to l' 1" above 
base of unit. 

3 Lithology,' Dark grayi sh-green, muddy, 
fine sand. Possibly some localized, thin, ir­
regular, wavy bedding. Some scour and 
fill structures up to six inches across. 
Profusely burrowed by bivalves and pos­
sibly polychaetes. Abundant multi-walled, 

l' 5" 

0'11" 
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slime-li ned burrows. Burrows a ll seem 
constant diameter. Contacts slightly gra­
dational. 
Fossils,' Appears to be a life assemblage, 
Double. valves in living position very com­
mon. All well preserved. 
Faunal list: C-TuTTitella plebeia, N -Luci­
noma contracta, Glossus j1'atenltts ma1'y­
lanclicus, F-Diploclonta subvexa, Merce­
naria sp. 
Sample 67-65-3 from 0' 3" to 0' 10" above 
base of unit. 

2 Lithology,' Dark grayish-green, muddy, 
fine sand. Possibly some localized, thin, 
irreg ular, wavy bedding. Some scour and 
fill structures up to six inches across, 
Profusely burrowed by bivalves a nd pos-
sibly polychaetes. Abundant multi -walled, 
slime-lined burrows. Contacts slightly gra-
dational. 
Fossils,' Concentrated layer of Tun'itella. 
Very heavily concentrated in some bur­
rows. Specimens nearly all complete. 
Piece of wood. 
Faunal list: F1 -Tu1-ritella plebeia, N ­
CerastocleTma laqueata, R-Lyropecten 
maclisonius . 
Sample 67-65-2 from entire interval. 

Total thickness of Calvert 

0' 4" 

Beach Member 10' 7" 

Total thickness of exposed 
Choptank Formation 19' 8" 

Calvert Formation ("Zone 15") 

1 Lithology,' Dark grayish-green, muddy, l' 7" 
fine sand. Possibly some thin, irregular, 
wavy bedding in pockets-not throughout 
unit. Some scour and fill structures up to 
six inches across, Profusely burrowed by 
biva lves and possibly polychaetes, Abun-
dant multi-walled, slime-lined burrows. 
Lower contact under water. Upper contact 
slightly g radational. 
Fossils ,' Rare fragments of TUTritella 
plebeia. 
Sample 67-65-1 from 0' 6" to l' 3" above 
base of unit. 



APPENDIX II 

FORAMINIFERA AND OSTRACODA IN CHOPTANK SAMPLES 

This section contains lists of the microfauna found in certain samples 
collected from the Choptank Formation. For more complete information 
about each of the localities, the reader should refer to Appendix I. 

The notations with each sample signify the following: nb = number 
of benthonic Foraminifera, %" = percentage of agglutinated specimens in 
the total benthonic foraminiferal assemblage, % j = percentage of cal­
careous, imperforate specimens in the total benthonic foraminifera 
assemblage, %" = percentage of planktonic Foraminifera in the total 
foraminiferal assemblage, nn = number of ostracodes, and x = specimens 
present but percentage not computed. The number to the left of each 
species corresponds to the percentage occurrence of that species in the 
benthonic foraminiferal assemblage or in the ostracode assemblage. Where 
the species constituted less than 1.0 percent of the total, the designation 
"t" signifies trace proportions. 

Sample 66-.4.-6.-0.5 mile north of Calvert Beach, 
Maryland. Lower St. Leonard Member. 

(No specimens present.) 
Sample 66-5-1 0. -08 mile north of Calvert Beach, 

Maryland. Upper Drumcliff Member. 

nb = 5 
no = 10 

Foraminifera 
40 Lagena s1lbstriata 
20 L. laevis 
20 Pseudopolymor1Jhina 

dmnblei 
20 P. striata 

Ostracoda 

%n = 0 
% j =0 
%11 = 38 

40 Pte1'ygocy the1'eis 
ame1'icana 

20 Cushmanielea u l1'ichi 
20 Bensonocythere white'i 
10 Hul1:ngsina ashermani 
10 Muelle1'ina lienenk-

la~lsi 

Sample 66-5-11.-0.8 mile north of Calvert 
Bea~h, Maryland. Lower St. Leonard Member. 

(No specimens present.) 
Sample 66-5-25.-0.8 mile north of Calvert 

Beach, Maryland. Central Boston Cliffs Member. 

nb = 68 
no = 76 

Foraminifera 
31 Bllccella mansfieldi 
31 Cibicicles lobatulus 
22 Buccella depress a 

4 Textularia g1'amwn 
3 Pseuclopolymorphina 

clmnblei 
3 Disc01'bis candeiana 
1 Nonion manJlandicllm 
1 N. pizarrense 
1 l1alvuline1"ia fioriclana 

%n =6 
% j =0 
%11 = 1 

Ostracoda 
51 Hu lingsina ashermani 
17 Cytheretta bU1"nsi 

8 Cushmaniclea u l1"ichi 
7 BensonocythM'e whitei 
7 Murrayina ma1·tini 
5 M. howei 
1 ClIshmaniclea seminllcla 
1 Cythe1'o1Jte1'on sp. 
1 Echinocythe1'eis 

clarkana 
1 Loxoconcha g1"anulata 
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Sample 66-5-27.-0.8 mile north of Calvert 
Beach, Maryland. Central Boston Cliffs Member. 

nb = 165 
no = 129 

Foraminifera 
49 Cibicicles lobatu lus 
22 Buccella clep1"eSSa 
19 B. mansfieldi 

2 Nonion ma1"ylandicum 
2 N. 1Jizan"ense 
2 11 alvll liner1:a fio1'ielana 
2 Textularia g1'amen 
t Pseuclopolym01'phina 

clumblei 
t Disc01'bis fioriclana 

%a = 2 
%j =0 
%p =O 

Ostracoda 
35 Cushmanidea u l1"ichi 
12 Hu lingsina ashermani 
11 MuellM"ina l'ienenklausi 
11 Cytheretta burnsi 
10 MU1Tayina martini 

3 Campylocythere 
laevissima 

3 Pok01'nyella puncti-
striata 

2 Cytheridea subovalis 
2 Cytheromorpha warneri 
2 E ucythere gibba 
2 Loxoconcha granulata 
2 L. reticularis 
2 T etracytheru1"a shat-

tucki 
t Cytheropteron sp. 
t S emicytherura coryelli 
t Bensonocythere whitei 

Sample 66-5-28.-0.8 mile north of Calvert 
Beach, Maryland. Central Boston Cliffs Member. 

Foraminifera 
84 Buccella mansfie ldi 

8 Cibicicles lobatulus 
4 DisC01'bis fi oridana 
4 Nonion meclio-costatum 

%a =O 
% j =0 
%p =0 

Sample 66-5-33.-0.8 mile north of 
Beach, Maryland. Lower Conoy Member. 

(No specimens present.) 

CalveI' 



Sarnple 66-6-7.-Matoaka Cottages, Maryland. 
Central Drumcliff Member. 

n b = 4152 
no = 1065 

Foraminifera 
45 ValeulinM'ia fioridana 
13 Cibieides lobatulus 
8 T extu lal'ia consecta 
6 T. gl'amen 
5 Quinqueloculina 

seminula 
3 Spil'oplectammina 

exilis 
2 Buccella depl'essa 
2 N onion pizarrense 
2 Pseudopolym01'phina 

stl'iata 
2 Rotalia bassle?'i 
2 Vil'gttlina l1tiocenica 
1 Buccella mcmsfielcli 
1 Nonion l1tal'y landicmn 
1 N, medio-costatum 
1 Textt~lal'ia candeiana 
t Bu limina elongata 
t Entosolenia lucida 
t Hanzawaia coneentrica 
t L agena substriata 
t L. t enuis 
t Massilina ghdinosa 
t Robt~lus americanns 
t T extulal'ia u ltima-

infiata 
t Uvig el'ina subpel'egl'ina 
t Sigmonnol'phina 

concava 
t DiscOl'bis fiol'idana 
t Lagena sp , L, A. 
t Massilina sp, M, A , 
t Massilina mansfieldi 
t Globulina inaequalis 
t M. quadl'ans 
t Quinqueloculina 

contorta 
t Cibicides fio1'idana 
t Sigmomorphina 

williamsoni 
t Buliminella sub-

fusiformis 
t Mal'ginulina sp, 
x Bolivina paula 
x Buliminella elegan­

tis sima 

%a = 19 
% i = 5 
%p = t 

Ostracoda 
19 Loxconeha gmnulata 
16 Cythel'etta buntsi 
15 Cushmanidea Ull'ichi 
11 Hulingsina ashennani 
10 Muellel'ina lienenklausi 

5 B ensonocythel'e w hitei 
4 Cytheropte?'on sp, 
3 PropontocYP1'is howei 
2 Actinocythel'eis exan-

themata 
2 Cytheridea subovalis 
2 CythM'Ol1wl'pha warneri 
2 S emicythe1't£l'a c01'yelli 
2 Loxoconcha r eticu lal'is 
2 T etl'achthtl'ul'a shat-

tueki 
2 Pte?'ygocythe?'eis 

ame?'icana 
1 MW'Tayina l1tartini 
t Eehinocyther eis 

clark ana 
t Eucythere declivis 
t E, g1:bba 
t H aplocythe1'idea 

bassle?'i 
t H em'yhowella eva x 
t Pok01'nye lla puncti-

striata 
t Mun'ayina howei 
t Neocy the?'idels fasc iata 
t Paracloxostoma robusta 

Sample 66-6-10.-Matoaka Cottages, Maryland, 
Upper Drumcliff Member. 

n b = 83 
no = 14 

Foraminifera 
36 Valvulinel'ia fio1'iclana 
24 Cibicicles lobatu lus 
13 Pseuclopolymorphina 

striata 

%a = 14 
%i = 0 
%p = 0 

Ostracoda 
36 Hulingsina ashe1'1nani 
14 Cythel'etta buntsi 

7 Aetinoeyther eis 
exanthemata 
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10 T extulal'ia consecta 7 L oxoconeha gl'anulata 
5 Spil'oplectammina exilis 7 P1'opontoeYP1'is howei 
4 Buccella mansfieldi 7 Pte?'ygocythel'eis 
4 Rotalia basslel'i ame?'ieana 
1 Bulimina elongata 7 Bensonoeythere whitei 
1 Lagena laevis 7 Mt£ellerina lienenklausi 
1 Nonion marylanclieum 
1 Vil'gttlina mioceniea 

Sample 66-6-14.-Matoaka Cottages, Maryland. 
Lower St. Leonard Member. 

nb = 1190 
no = 3531 

Foraminifera 
53 Buecella mansfidcli 

9 B , clepressa 
9 T extula1'ia gramen 
5 Va lvulinel'ia fioriclan a 
5 Diseorbis fioriclana 
4 Spiroplectammina aff. 

S, exilis 
4 Cibicides lobatulus 
3 Massi lina glutinosa 
2 Bulimina elongata 
1 Miliammina fusea 
t Hanzawaia coneentl'iea 

%a = 17 
%i = 0 
%p = 0 

Ostracoda 
23 Actinocythereis aff, 

A, lntmdol'ffi 
20 Cushmanidea ttlrichi 
18 Cythel'iclea subovalis 

8 Loxoconeha gl'anulata 
7 Cythel'etta burnsi 
5 Cythel'011wl'pha wa1'r~eri 
3 Pokol'nyella puncti-

sir'iata 
3 Murrayina l1tal'tini 
2 Aetinoeythereis 

exanthemata 
2 Cushmanidea agricola 
2 Loxoeoneha r eticularis 
1 S emieythe1't£ra eoryelli 
1 H aplocythe?'iclea bassleri 
1 Mw'rayina howei 
1 T etracythel'ul'a shat-

tueki 
t Henryho we lla ev'ax 
t Hulingsina ashel'mani 
t Muellel'ina lienenklausi 
t Pterygocythereis 

americana 
t Bensonocythere whitei 
t Paraclox ostoma l'obusta 

Sample 66-8-3.-South of Grover Creek, Mary­
land. Central Boston Cliffs . 

nb = 3046 %a = 16 
no = 1432 %i = t 

%p = t 

Foraminifer a Ostracoda 
42 Bt~ccella mans/ielcli 37 Cushmanidea ulrichi 
18 Cibicicles lobatulus 15 Cytheretta burnsi 
12 Buccella clepl'essa 12 Hu lingsina ashM'mani 

7 T extularia consecta 8 Muellerina lienenklausi 
7 T, g1'amen 6 Cythe1'iclea subovalis 
4 Nonion marylanclicum 5 Loxoconcha granu lata 
4 Valvuline1'ia fioriclana 4 MU1'Tayina martini 
3 T extulal'ia u ltim a- 2 Poko1'nyella puncti-

infiata striata 
1 Pseuclopolymo1'phina 1 Campylocythere laevis-

clwnblei sima 
1 DisC01'bis floriclana 1 H aplocythe1'iclea bassleri 
t Bu limina elongata 1 MU1'Tayina howei 
t H anzawaia concent?'iea 1 T et?'acytherura shat-
t N onion meclio-eostatum tucki 
t N, pizan'ense 1 B ensonocythere whitei 



t Pseudopolym01'phina t Actinocythereis 
striata exanthemata 

t Quinqueloeulina t Cyther'omorpha warner'i 
seminula t Cytheropter'on sp, 

t Textularia eandeiana t Semieytherura coryelli 
x Bolivina paula t E chinocythereis 
x Buliminella elegantis- clar'kana 

sima t Eucythere gibba 
t Propontoeypris howei 
t Ptery g 0 eyther'eis 

americana 

Sample 66-1-5,-% mile south of Camp Conoy, 
Maryland, Central St, Leonard Member. 

(No specimens present.) 
Sarnple 66-11-7.-lj'1 mile south of Camp Conoy, 

Maryland. Upper St. Leonard Member. 
(No specimens present.) 
Sample 66-12-4.-Boston Cliffs, Maryland. Cen­

tral Boston Cliffs Member. 

nb = 9672 
no = 1860 

Foraminifera 
41 Cibicides lobatulus 
22 Textularia gram en 
17 Buccella mansfieldi 

8 Valvuliner'ia fioridana 
7 Buecella depressa 
1 Textularia consecta 
t Nonion mar'ylandicum 
t N. medio-eostaturn 
t N. pizarrense 
t Pseudopolymorphina 

dumb lei 
t T extularia candeiana 
t T, u ltima-infiata 
t Discorbis fioridana 
t Sigmomorphina coneava 

%a = 25 
%j= 0 
%p= 0 

Ostracoda 
33 Cushmanidea ulriehi 
14 Polcornyella puneti-

striata 
14 Muellerina lienenlclausi 
11 Cytheretta Imrnsi 

9 Hulingsina ashermani 
6 Murrayina mar'tini 
3 M , howei 
2 Cushmanidea seminuda 
2 Bensonoeythere whitei 
1 Cyther'omorpha warner'i 
t Actinocythereis exan-

themata 
t Campylocythere laevis-

sima 
t Cytheridea subovalis 
t Cytheropteron sp, 
t H aploehteridea subovata 
t Henryhowella evax 
t Loxoeoncha granulata 
t Pterygocythereis 

americana 
t Prop onto cypris howei 

Sample 66-14-7.-Drumcliff, Maryland. Central 
Drumcliff Member. 

nb = 114 
no = 51 

Foraminifera 
39 Cibicides lobatulus 
17 Valvulineria fioridana 
15 Pseudopolymorphina 

striata 
8 p, dumblei 
3 Bueeelia depressa 
3 N onion pizarrense 
3 Spiropleetammina exilis 
3 Textular'ia consecta 

%a = 5 
%j = t 
%p = 2 

Ostracoda 
31 Hu lingsina ashermani 
27 Cytheretta burnsi 
16 Cushmanidea ulrichi 

8 Loxoconcha gr'anulata 
6 Murrayina howei 
4 Cytheropteron sp , 
2 Actinocythereis 

exanthemata 
2 Cushmaniclea seminuda 
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2 Buccella mansfieldi 2 Tetracytherura shat-
2 Lagena substriata tucki 
2 Nonion marylanclicum 2 Bensonocythere whitei 
2 Virgulina miocenica 
t Bulimina elongata 
t Hanzawaia concentriea 
t Lagena tenuis 
t Quinqueloculina 

seminula 
t Discorbis fioridana 

Sample 66-17-1 .-North of Cole Creek, Mary­
land. Lower Drumcliff Member. 

nb = 6375 %a =2 
no = 185 %j = 0 

%p = 0 

Foraminifera Ostracoda 
94 Cibicicles 10 batulus 32 Pokorny ella puncti-

2 Valvulineria fioridana st1'iata 
2 Te x tula1'ia gramen 18 Hu lingsina ashermani 
t Hanzawaia concentrica 14 Cytheromorpha warneri 

t1'ica 8 Cushmaniclea ulric hi 
t N onion medio -costaturn 6 MUr1'ayina martini 
t Discor'bis fioridana 5 Mueller'ina lienenklausi 
t Textularia consecta 4 Loxoconcha granulata 
t Nonion pizar1'ense 2 Cytheretta burnsi 
t Pseuclopolymorphina 2 Semicytherura coryelli 

striata 2 Bensonocythere whitei 
t Buccella clepressa 2 Paracypris choctawhat-
t B, mansfielcli cheensis 
t Lagena elavata 1 Actinocythereis ex-
t L, substriata anthemata 
t Nonion rnarylanclicum 1 Tetracythen!ra shat-
t Pseudopolymorphina tuclci 

clumblei t Cytheretta u l1'ichi 
t Bulimina elongata t Cytheropter'on sp, 
t Spiropleetammina exilis 
t Uviger'ina subperegrina 
t Vir'gttlina miocenica 
t Robuh(s americana 
t T extular'ia cancleiana 

Sample 66-18-1,-Drumcliff, Maryland, Central 
Drumcliff Member. 

nb = 374 
no = 87 

Foraminifera 
60 Cibicides lobatulus 

8 Valvulineria fioriclana 
8 Hanzawaia concentriea 
6 Quinqueloculina 

seminula 
6 Spiroplectammina exilis 
3 Tex tular'ia eonseeta 
2 Buccella clepressa 
2 Nonion mar'ylandieum 
2 Pseudopolymorp hina 

st1'iata 
2 Disco1'bis fi01'iclana 
1 Tex tula1'ia cancleiana 
t Bulimina elongata 
t Pseudopolymorphina 

dumb lei 
t Textularia gram en 
t T, ttltima-infiata 

%a = 11 
%j= 6 
%p= 0 

Ostracoda 
24 Cytherretta bur'nsi 
17 Loxoconcha granulata 
16 Cushmanidea ulric hi 
13 Hulingsina ashe1'mani 

8 Murrayina martini 
7 Semicyther'ur'a c01'yelli 
6 Loxoconcha reticularis 
3 Tetracytherura shat-

tuch 
3 Bensonocythere whitei 
1 Cushmaniclea seminuda 
1 E twythere declivis 



Sample 66-20-1 .-Sotterly, Maryland. Lower 
Drumcliff Member. 

nb = 7767 
no = 905 

Foraminifera 
93 Cibicides lobatulus 

2 Textularia grarnen 
2 Valvtdineria floridana 
t Uvigerina sub peregrina 
t Bulirnina elongata 
t N onion rnedio-costaturn 
t N. piza?"1"ense 
t Quinqueloculina serni-

nula 
t H anzawaia concentrica 
t Lagena subs triata 
t L. clavata 
t L. laevis 
t Rotalia bassleri 
t Nonion rnarylandicum 
t T extula?'ia consecta 
t Virgulina miocenica 
t N onionella aU?'is 
t Spi?'opler;tammina exilis 
t Dentalina comrnunis 

%a = 2 
% i = t 
%p = t 

Ostracoda 
29 Hu lingsina asherrnani 
14 Cythero'YIw?'pha warneri 
12 Pokontyella puncti-

striata 
8 Muelle?'ina lienenklausi 
7 Semicythm'ura coryelli 
6 Loxoconcha granulata 
6 Cushrnanidea ulrichi 
3 Cytheridea subovalis 
2 Cytheretta burnsi 
2 Campylocythere laevis-

sima 
2 Murrayina rnartini 
2 Bensonocythere w hitei 
1 Eucythere declivis 
t A ctinocythe?'eis ex-

anthernata 
t A urila laevicula 
t H aplocytheridea bassle?'i 
t Loxoconcha reticularis 
t Bythocythere bifu?'cata 
t Paracypris choctawhat-

cheenis 
t Teb'acytherura shat-

tucki 
t Pa?'adoxos toma robusta 
t Pterygocythereis 

americana 
t Propontocypris howei 
t P . sp . P. A 

Sample 66-21-4.-Camp Conoy, Maryland. Upper 
Conoy Member. 

(No specimens present.) 
Sample 66-23-1. Point of Rocks, Maryland. 

Upper St. Leonard Member. 

n b= 29 
no =28 

Foraminifera 
28 Buccella mansfieldi 
24 Cibicides lobatulus 
21 Valvulineria floridana 
10 Nonion marylandicurn 

7 Lagena sub striata 
3 Buccella dep?'essa 
3 Nonion medio-costaturn 
3 Textularia gram en 

%a = 3 
% i =0 
%p = 0 

Ostracoda 
32 Hulingsina ashennani 
29 Cushmanidea ulrichi 

7 Pokornyella puncti-
striata 

7 Loxoconcha gramdata 
4 Actinocythm'eis exan-

themata 
4 Cythe?'idea subovalis 
4 Cytheretta burnsi 
4 Murrayina martini 
4 Tetracythenwa shat-

tucki 
4 Ptery g 0 cy thereis 

arnericana 
4 Bensonocythere whitei 
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Sample 66-23-4.-Point of Rocks, Maryland. 
Lower Boston Cliffs Member. 

nb = 133 
no = 58 

Foraminifera 
31 Buccella depressa 
26 B. mansfieldi 
18 Cibicides lobatulus 

8 Valvulineria floridana 
5 Nonion medio-costatum 
2 Hanzawaia concentrica 
2 Lagena clavata 
2 L. substriata 
2 Nonion pizarrense 
2 Tex tularia consecta 
2 T. gramen 
t Bulimina elongata 
t Pseudopolymorphina 

dumb lei 
t Vi?'gulina miocenica 

%a = 4 
%i = 0 
%p = 1 

Ostracoda 
47 Cushmanidea ulric hi 
12 Loxoconcha reticularis 

9 Hu lingsina ashermani 
8 Mue llerina lienenklausi 
7 Cytheretta burnsi 
5 Murrayina rnartini 
4 Pokorny ella puncti-

striata 
3 Cytherornorpha warneri 
3 H aplocytheridea bassleri 
3 Murrayina howei 
1 Sernicy the?'ura coryelli 
1 Echinocythereis 

clark ana 
1 Loxoconcha granulata 
1 Bensonocythere whitei 

Sa11tple 66-23-9.-Point of Rocks, Maryland. 
Upper Boston Cliffs Member. 

n" = 1131 
no = 484 

Foraminifera 
42 Buccella dep?'essa 
24 Cibicides lobatu lus 
20 Buccella mansfieldi 

6 Textularia gramen 
2 Valvuline?'ia floridana 
1 Hanzawaia concentrica 
1 Nonion marylandicum 
1 Quinqueloculina semi-

nula 
1 T extularia consecta 
t Massilina glutinosa 
t N onion rnedia-costatum 
t N. pizarrense 
t Pseudopo lyrnM'phina 

dum blei 
t Robultis americanus 
t Textularia ultima-inflata 
t Discorbis floridana 

%a = 7 
%i = 1 
%p = 9 

Ostracoda 
26 Cushmanidea ulric hi 
26 Hu lingsina ashermani 
24 Cytheretta burnsi 

4 Muellerina lienenklausi 
4 Murrayina martini 
3 Pokornyella puncti-

sb,iata 
3 H aplocytheridea bassle?'i 
3 Loxoconcha ?'eticularis 
1 L. granuZata 
1 B ensonocythere whitei 
t A ctinocythereis exan-

themata 
t Cushmanidea seminucZa 
t C, agricola 
t Cytheromorpha warneri 
t Cytheropte?'on sp, 
t Semicythe?'ura coryelli 
t S. forula ta 
t Murrayina howei 
t Tetracytherura shat-

tucki 
t Pterygocythereis 

americana 

Sample 66-23-13.-Point of Rocks, Maryland. 
Lower Conoy Member. 

(No specimens present.) 
Sample 66-24-7.-North Point of Rocks, Mary­

land. Lower Boston Cliffs Member. 

n b = 11 
no = 19 

%a = 9 
% i = 0 
%p = 8 



Foraminifera 
36 nllcrella depressa 
18 N OJi iOll II/a rvlalldicum 
18 N , II/edio-costatmn 

9 Pse /(dopolVIIIM'phina 
d/(II/blei 

9 T(' ~, t/(Ia ria gl'alllcn 
9 Discorbis f/orida1/(1 

Ostracoda 
42 Cnsh lI/(Illidea, nlrichi 
16 M/(n'ayilla 1/wl'tini 
11 T etr acytheru1'(l, sha t-

tllcki 
5 Cyth Cl'etta, burl/ si 
5 Cvthel'op tcl'on sp , 
5 Haplocyth cl'idea ba sslcri 
5 PPolwntyclla pnncti-

striata 
5 Loxoconcha granula,ta 
5 L, reticularis 

Sample 66-24-18, -North Point of Rocks. Upper 
Boston Cliffs Member. 

nb = 19 
no = 173 

Foraminifera 
42 Cibicides lobatllill s 
16 T e.1'tulU?'ia gra11len 
11 Nonioll lIIa1'ylalldicnm 
11 l' irgllriJia lIIiocclIica 

5 Bnecdla depressa, 
5 B, I//(IJ/ sfie ldi 
5 HOll zowaia concenfj'ica, 
5 Tcxtularia, consccta 

'/oa = 21 
%j = 0 
%,, = 0 

Ostracoda 
28 Hulingsina ashermani 
17 ClIshmanidea nl1'iehi 
11 Haplocythe1'idca bassle1'i 
10 SClIIicythe1'lITa c01'yelli 

9 Cyth e1'etta b1l1'nsi 
6 Loxoconcha g1'Cmulata 
6 MlIclle1'ina l ienenklat~si 

4 Tetra c V ther1t1'a s ha t-
tttcki 

3 S emicytherura font/ata 
1 Ca1npylocythe1'e laevis-

sima 
1 Cythcromorpha wal'lwl'i 
1 Pokornyella puncti-

striata 
t Cythe1'opte1'on sp, 
t Echinocythe1'eis 

clar-kana 
t Eucythere gibba 
t MU1'rayina ma1'tini 

Sample 66-24-16.-North Point of Rocks. Lower 
Conoy Member. 

(No specimens present,) 
Sample 66-25-4,-Flag Ponds II, Maryland, 

Central St, Leonard Member. 

nb = 1382 
no = 150 

Foraminifera 
57 Buccella mansfieldi 
29 Valvulinel'ia floriclana 

5 Cibic1:cles lobatu lus 
4 DiscOl'bis fioTiclana 
1 Hanzawaia concentrica 
1 N onion medio-costatttm 
1 Text111al'ia g1'amen 
t Buccella depressa 
t Bulimina elongata 
t Lagena acuticostata 

%a = 2 
%j =0 
%" = t 

Ostracoda 
46 H aplocythe1'iclea basslel'i 
29 Cushmanidea ulric hi 

7 H u lingsina ashennani 
4 Pokol'nyella puncti-

striata 
3 Cushmaniclea seminucla 
3 Loxoconcha reticularis 
2 Muellerina lienenklausi 
1 Cythe1'etta bU1'nsi 
1 Semicythe1'ttr-a coryelli 
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t L, st~bstriata, 1 MU1'1'a,yina martini 
t Nonion lIIa1'1Jlandicll1n 1 T etTacy the1'1t1'a shat-
t Pse11dopolYlllol'phina tllcki 

st1'iata t Pterygocythe1'eis 
t Tex tula1'ia nltima- o'll/c1'icana 

illfiata 
t Uvi.gcl'ina Subpc1'egrina 
t Glo b/( Ihw inaequa./is 
t Sigm01l101'phina concava 
t Elphidmn advl'num 

Sample 66-25-11 ,-Flag Ponds II, Maryland. 
Central Boston Cliffs Member. 

nb = 68 
no = 76 

Foraminifera 
37 Cibicides lobatnlus 
32 Buecel/a clepnssa 
10 T extula1'ia g1'amen 
6 Buccella 1na,nsfielcli 
4 Tex tula,1'ia consecta 
3 Nonion l11al'y landicmn 
1 Hanzawaia concent1'ica 
1 Quinqueloculina semi-

nula 
1 ValvlIlineria fioridana 
1 Vi1'gnlina miocenica 
1 Elphiclium poeyanum 

%a = 15 
o/uj = 1 
%,, = 1 

Ostracoda 
28 Cushmanidea ul1'ichi 
24 Hulingsina ashermani 
21 Cythe1'etta burnsi 

5 Loxoconcha reticularis 
4 MurTaYl:na martini 
4 Mue llerina lienenklausi 
3 H aplocythe1'iclea bass leri 
3 Loxoconcha g1'anulata 
3 T etracythent1'a shat-

tucki 
1 Semicythe1'U1'a cM'yelli 
1 Pokornyella puncti-

striata 
1 MUT1'ayina howei 
1 PteTygocythe1'eis 

al1wl'icana 
1 Bensonocythere whitei 

Sample 66-25-12,-Flag Ponds II, Maryland. 
Central Boston Cliffs Member. 

nb = 130 
no = 141 

Foraminifera 
31 Cibicicles lob atulus 
21 Buccella mansfie lcli 
16 B , clepressa 
10 Textulal'ia gramen 

4 N onion l1wl'y landicum 
4 Quinqtwloculina semi-

nula 
3 H anzawaia concentrica 
3 Te xtulal'ia consecta 
3 T, u ltima-infiata 
2 N onion pizal'rense 
2 Pseuclopolym01'phina 

clwmblei 
2 Valvu linm'ia fioriclana 

%a = 16 
%j = 4 
%p = 0 

Ostracoda 
24 Cushmaniclea ulrichi 
24 CytheTetta burnsi 
20 Hulingsina ashermani 

6 H aplocythericlea bass leri 
5 Loxoconcha granulata 
4 Poko1'nyella puncti-

st1'iata 
4 MU1'1'ayina martini 
4 Muellerina lienenklausi 
2 Tet1'acy thm'ura shat-

tucki 
1 Semicythentra eoryelli 
1 Bensonocythere whitei 
t CamlJylocythC1'e laevis-

sima 
t Cushmanidea seminu da 
t E chinocythereis 

clarkana 
t Loxoconcha reticularis 



Sample 66-25-15.-Flag Ponds II, Maryland. 
Upper Boston Cliffs Member. 

Foraminifera 
45 Cibicicles lobatulus 
17 Buccella mansfielcli 
15 B. clepressa 
11 Textttlaria gram en 

2 H anzawaia concent1'ica 
2 Lagena subst1'iata 
2 Pseudopolymorphina 

dmnblei 
2 Valvulineria fioridana 
2 Virgulina miocenica 
2 Cibicides fiQ1'iclanus 

%a = 11 
% j= 0 
%p = 0 

Ostracoda 
42 Haplocytheridea bassleri 
19 Cythe?'etta bU1'nsi 
15 Hu lingsina ashennani 

6 Cushmaniclea Ul1'ichi 
4 S emicythe1'ura coryelli 
4 Loxoconcha granulata 
2 CamlJylocythm'e laevis-

sima 
2 Pokornyella puncti-

st?'iata 
2 Muellm'ina lienenklausi 
1 Cythm'om01'pha wa1-neri 
1 T etracytherura shat-

tucki 
t E chinocythereis 

cla?"kana 
t Loxoconcha reticula?'is 
t Mun'ayina howei 
t M.1nartini 
t Pte1"ygocythereis 

americana 
t B ensonocythere whitei 

Sample 66-25-21 .-Flag Ponds II, Maryland. 
Central Conoy Member. 

nb = 635 %a = 5 
no = 669 %j = 0 

%p =t 

Foraminifera Ostracoda 
40 Nonion medio-costatum 46 Pterygocythereis 
22 Buccella clep?'essa ame1'icana 
10 L agena laevis 16 Cytheretta burnsi 
8 N onion pizan"ense 11 MW"rayina martini 
8 Buccella mansfielcli 10 Cushmanidea u lrichi 
3 Cibicides lobatulus 3 Cythericlea subovalis 
3 T extularia candeiana 3 Cushmaniclea agricola 
2 Vavulineria fioriclana 3 Murrayina howei 
t Bulimina elongata 2 Cytheretta Ul1'ichi 
t H anzawaia concent1'ica 2 Cytheropteron sp. 
t Lagena tent~is 1 Cythm'om01'pha warne1'i 
t M assilina 9 lJutinosa 1 E chinocythereis 
t Miliammina fus ca clarkana 
t N onionella auris t Henryhowella evax 
t Pseudopolym01'phina t L oxoconcha g1'anulata 

dumb lei t L. 1'eticularis 
t Rotalia bass leri t Actinocythereis aft'. A. 
t Textula?'ia consecta gomillionensis 
t T. g?'amen t Bensonocythere w hitei 

Sample 66-25-23.-Flag Ponds, 
Lower St. Marys Formation. 

II Maryland. 

nb = 1255 
no = 676 

%a = 3 
%j = 0 
%p = 0 
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Foraminifera Ostracoda 
39 Cibicicles lobatttlus 21 Actinocythereis exan-
21 N onion piza?"rense themata 
18 Buccella mansfie ldi 20 Cytheretta burnsi 
12 N onion meclio-costatmn 15 Mun'ayina martini 

3 Bulimina elongata 9 M. howei 
3 Discorbis fio?'idana 9 Cythe1'etta u lrichi 
2 Miliammina fusca 5 Loxoconcha reticularis 
1 Textula1'ia cancleiana 5 Pterygocythereis 
1 Valvuline1'ia fiQ1'iclana americana 
t H anzawaia concentrica 4 Cytheridea subovalis 
t T extularia gramen 3 Cushmanidea ulrichi 

3 Loxo con cha granulata 
2 Cytheromorpha warneri 
2 H enryhowella evax 
t Cytheropte1'on sp. 
t Echinocythereis 

clarkana 
t Muellerina lienenklausi 

Sample 66-25-27.-F lag Ponds II, Maryland. 
Lower St. Marys Formation. 

nb = 513 
no = 774 

Foraminifera 
47 Buccella mansfieldi 
27 Cibicicles lo batulus 
20 Buccella depressa 

3 H anzawaia concentrica 
t Lagena subst1'iata 
t Rotalia bassleri 
t T extularia gram en 
t Valvulineria fioridana 
t Discorbis fioridana 

%a = t 
%j = 0 
%p = t 
Ostracoda 
40 Ct~shmaniclea agricola 
12 Cytheridea subovalis 
12 MU?"1"ayina ma?·tini 
11 Cushmaniclea u lrichi 
11 Cytheret ta bU1'nsi 

4 MU1Tayina howei 
4 Pterygocythereis 

ame1'icana 
2 Cytheromorpha warneri 
t Actinocythereis exan-

themata 
t Cytheropteron sp. 
t Semicytherura coryelli 
t Echinocythereis 

cla?'kana 
t H aplocytheridea bassleri 
t Loxoconcha granulata 
t T et?'acytherura shat-

tucki 

Sam,ple 66-25-28.-F lag Ponds II, Maryland. 
Upper Drumcliff Member. 

nb = 3255 
no = 2147 

Foraminifera 
52 Buccella 1nansfieldi 
14 Cibicicles lobatuhrs 
10 Valvu lineria fi01-idana 

9 Textula1'ia g1'amen 
8 Buccella clepressa 
3 H anzawaia concent1'ica 
3 Discorbis fioridana 
1 Rotalia bassle1'i 
t Bulimina elongata 
t N onion mary lanclicum 

%a = 9 
% j = t 
%p = t 
Ostracoda 
25 H aplocytheridea bassleri 
22 Cushmanidea ulric hi 
12 Pokorny ella punctis-

st1-iata 
11 Cytheromorpha warneri 

7 Hulingsina ashm'mani 
5 Loxoconcha reticularis 
3 Semicytherura coryelli 
3 Paracytheridea shat-

tucki 



t Pseudopolymo1'phina 
dwnblei 

t Quinqueloculina semi-
nula 

t Spi1'oplectammina exilis 
t Lagena sp. L. A 
t Elphicliwn poeyannm 

2 Cythe1'etta bU1'nsi 
2 Loxoconcha granulata 
2 Bensonocythere whitei 
1 Campylocythe1'e laevis-

sima 
1 Murrayina 11w1·tini 
t Actinocythe1'eis exan-

themata 
t A urila laevicula 
t Cythericlea subovalis 
t Cushmanidea agricola 
t Hem'yhowella evax 
t Muelle1'ina lienenklausi 
t Murrayina howei 
t Neocythericleis fasciata 
t Pterygocythereis 

americana 

Sample 66-26-2.-South Point of Rocks, Mary­
lanel. Lower Boston Cliffs Member. 

(No specimens present.) 
Sample 66-26-5.-South Point of Rocks, Mary­

land. Central Boston Cliffs Member. 

nb = 2590 
no = 912 

Foraminifera 
42 Buccella mansfieldi 
31 Cibicicles lobatulus 

7 TexttLlaria g1'amen 
5 Buccella clepressa 
5 Valvuline1'ia flO1'iclana 
5 Nonion nwrylanclicum 
1 PseudopolymorlJhina 

dU?nblei 
t Bulimina elongata 
t Entoso lenia lucida 
t Nonion meclio-costatum 
t N . piza1Tense 
t Pseudopolymorphina 

striata 
t Quinqueloculina semi-

nula 
t Textula1'ia consecta 
t T . ultima-infiata 
t Virgulina miocenica 
t Sigmomo?'phina concava 
x Bolivina paula 
x Buliminella elegantis­

sima 

%" = 9 
%i = t 
%p = t 
Ostracoda 
40 Cushmanidea ul1'ichi 
14 Cytheretta bU?'nsi 
13 [-htlingsina ashe?'mani 

8 Muelle?'ina lienenklausi 
4 MWTayina nW1·tini 
4 Loxoconcha reticula?'is 
3 CytheTiclea subovalis 
3 Pokontyella puncti-

st1'iata 
2 Campylocythm'e laevis-

sima 
2 Loxoconcha granulata 
2 j\l[u?"?"ayina howei 
2 Bensonocythere tvhitei 
1 Cytherom01'pha warneri 
t Cythe?'opteron sp. 
t Semicythen£ra coryelli 
t E chinocythereis 

clark ana 
t Eucythe?'e gibb a 
t H aplocytheridea bass lel'i 
t T etracythe?"t£ra shat-

tucki 
t Pterygocythereis 

americana 

Sample 66-26-7.-South Point of Rocks, Mary­
land. Central Boston Cliffs Member. 

nb = 707 
no = 315 

Foraminifera 
35 Buccella mansfielcli 
28 Cibicicles lobatulus 
11 Nonion ma?'ylanclicum 
10 Buccella clepressa 

7 T extula?'ia gram en 
H:ntosolenia lucicla 

%a = 7 
%i = t 
%p = 0 

Ostracoda 
39 Cushmaniclea ub'ichi 
15 Cythe1'etta bt£?"nsi 
14 Loxoconcha 1'eticularis 

9 Hulingsina ashernwni 
6 Murrayina ma?·tini 
3 M. howfJ i 
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1 Nonion pizarrense 2 Semicytherura coryelli 
t N. m edio-costatum 2 E chinocythereis 
t Bolivina paula cla?'kana 
t Buliminella elegantis- 2 H aplocythe?-iclea bassleri 

sima 2 Bensonocythere w hi tei 
t Bulimina elongata 2 Mu elle,?'ina lienenklausi 
t P seuclopolymo?'phina t Cushmanidea seminuda 

clumblei t Pok01'nyelia puncti-
t P. st?'iata st?'iata 
t Quinqueloculina semi- t Loxoconcha g?'anulata 

nula t Tetracytherura shat-
t Tex tularia consecta tucki 
t Valvulineria fi01'iclana t P?'opontocypris howei 
t Vi?'gulina miocenica t Ptery gocythereis 
t DisC01'bis fioriclana americana 

Sample 66-26-1 5.-South Point of Rocks, Mary 
land. Central Conoy Member. 

(N 0 specimens present.) 
Sample 66-29-2.-Cuckold Creek III, Maryland. 

Central St. Leonard Member. 
(N 0 specimens present.) 
Sample 66-34-2.-Pawpaw Point II, Maryland. 

Lower Drumcliff Member. 

nb = 14,612 
no = 982 

Foraminifera 
31 Cibic1:cles lob atulus 
19 Valvt£line?'ia fio?'iclana 
12 Textula?'ia consecta 

7 Buccella mansfielcli 
6 Spi1'oplectammina exilis 
5 Bucce lla clepressa 
4 H anzawaia concent?'ica 
3 Nonion ma?'y lanclicum 
3 N . pizan'ense 
3 Vi?'gttlina miocenica 
2 Nonion mecl1:o-costatum 
1 Bulimina elongata 
t Bolivina paula 
t Buliminella elegantis-

sima 
t Lagena acuticostata 
t L. clavata 
t L. subst?'iata 
t Nonione lla auris 
t Ps euclopolymorphina 

dumb lei 
t P. striata 
t Quinqueloculina semi-

nula 
t Robulus ame?'icanus 
t T extula?'ia cancleiana 
t T. g1'amen 
t Uvigerina subpereg1-ina 
t Disco?'bis fio1'idana 
x Entosolenia lucida 
x Lagena sp. L. A 

%a = 19 
%i = t 
%p = t 
Ostracoda 
18 Cushmanidea ulrichi 
12 Cythericlea subovalis 
11 MU1"?"ayina 11w1·tini 
10 Hu lingsina ashe1'mani 

8 Cythe?'etta burnsi 
7 Loxoconcha g1'anulata 
6 Cytheretta u l1'ichi 
4 Mt£ellerina lienenk lausi 
4 MWTayina howei 
3 Cytheromorpha warne1'i 
3 Echinocythe?'eis 

clarkana 
3 Bensonocythere whitei 
2 Actinocythereis exan-

the?nata 
2 Cytheropteron sp. 
2 Semicytherura coryelli 
2 Pterygocythereis 

americana 
1 Cushmaniclea agricola 
t C. seminuda 
t Henryhowella evax 
t Propontocypris howei 
t Cytherois fischeri 

Sample 66-34-4.-Pawpaw Point II, Maryland. 
Central Drumcliff Member. 

nb = 7959 
no = 842 

%a = 14 
%i= 0 
%p= t 



Foraminifera 
21 Valvuline1'ia fl01'idana 
18 Buccella rnansfie lcli 
17 Cibicicles lobatulus 
10 Bnccella clepTessa 

7 Textu la1'ia consecta 
6 SpiToplectwmrnina exilis 
6 Nonion vWTylanclicurn 
3 N, meclio-costatum 
3 N, piza1'Tense 
3 Vi1'gulina miocenica 
t Boli'lf.ina paula 
t B~dirnina elongata 
t Epist01ninella pontoni 
t Entosolenia lucicla 
t Hanzawaia concent1'ica 
t Lagena clavata 
t L , laevis 
t L, Subst1'iata 
t Pseuclopolym01'phina 

clumblei 
t P, stTiata 
t Rotalia bassleTi 
t T extula1'ia cancleiana 
t T , gTamen 
t UvigeTina SU b1Je1'egTina 
t Sigm0?1W1'phina concava 
t Disc01'bis floTiclana 

Ostracoda 
33 Cushrnaniclea ul1'ichi 
16 MWTayina martini 

9 Hulingsina ashe?'mani 
7 Cythe1"iclea subovalis 
6 Cythe1'etta bw'nsi 
4 Muelleri1w lienenklausi 
3 Cushmaniclea seminucla 
3 Loxoeoneha g1'anulata 
3 MU1"1'ayina howei 
2 A ctinocythereis exan-

themata 
2 Cushmaniclea ag1'icola 
2 Cythe1'etta ulric hi 
2 Cythe1'om01'pha wa1"1~e1'i 
2 Pa1'acythe1'iclea shat-

tucki 
1 Cythe1'opteron sp. 
1 Echinoeythereis 

clarkana 
1 PTopontoeypris howei 
1 Pte1'y g oey the1'eis 

ame1'icana 
t Bensonocythere whitei 

Sample 66-35-1.-Pawpaw Hollow, Maryland. 
Upper Calvert Beach Member. 

n l> = 1856 
n o = 435 

Foraminifer a 
62 Cibicides lobatulus 

8 Buccella mansfieldi 
6 Valvuline1'ia floriclana 
5 Textu la1'icL g1'amen 
4 N onion pizan'ense 
4 Buccella clepressa 
3 Nonion 11w1'ylanclicurn 
2 H anzawaia concent1'iea 
2 Disc01'bis fl01'iclana 
1 N onion meclio-costatum 
t Bulimina elongata 
t Elphidium advenmn 
t Lagena substriata 
t Massilina glu tinosa 
t Ro bu lus ame1'icanus 
t Textula1'ia conseeta 
t Vi1'g~dina mioceniea 

%a = 6 
0/0; =0 
%p = t 
Ostracoda 
38 Cushmaniclea ulrichi 
12 Mun'ayina ?1wl,tini 
10 Cushmaniclea agricola 

7 Cytheretta bun~si 
7 Mun'ayina howei 
7 Hulingsina ashe1'mani 
4 Semicythentra c01'yelli 
3 Cythe1'0?1WTpha wa1'neTi 
3 B ensonocythere whitei 
2 Cythe1'iclea subovalis 
2 PokoTnyella punct;-

st1'iata 
2 Loxoconcha g1'anulata 
1 Actinocythe1'eis exan-

themata 
t A urila laevicula 
t Cytheretta ulr iehi 
t Muellerina lienenklausi 
t Pte1'ygoeythereis 

americana 

Sam,ple 66-36-5,-East Breton Bay, Maryland, 
Central Drumcliff, 

Foraminifera 
59 Cibicides lo batulus 

%a = 5 
0/0; = 0 
%p = 7 

Ostracoda 
42 Cushmaniclea ulriehi 
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15 Valvuline1'ia flO1'iclana 13 MUTTayina rna1,tini 
5 Buccella clepTessa 11 M, howei 
5 Spiroplectammina exilis 8 Cytheretta burnsi 
3 N onion ?1wrylanclicum 5 Hulingsina asherrnani 
3 Buccella rnansfie lcli 5 Loxoconcha g1'anulata 
2 Nonion piza1Tense 3 Actinocythereis exan-
2 Disc01'bis floT1' clana thernata 
t Bulimina elongata 3 Cushmaniclea seminuda 
t Entosolenia Lucida 3 CytheTopteron sp, 
t Hanzawaia concent1'ica 1 Cytherom01'pha wa1'ne1'i 
t Lagena clavata 1 Semicythe1"7~ra c01'yelli 
t L, substriata 1 P1'opontocypris howei 
t L. tenuis 1 PteTygocythereis 
t N onion meclio-costatum ame1'icana 
t Pseudopo lym01'ph ina 1 Bensonocythere whitei 

clumblei 1 Muelle1'ina lienenklausi 
t P. striata 
t Rotalia bassleri 
t Textularia consecta 
t T. g1'amen 
t Uvigerina subpereg1'ina 
t Vi1'gulina rniocenica 
t Lagena sp. L . A 

Sample 66-40-1 , Mill Creek II, Maryland. 
Upper Drumcliff Member. 

n l> = 1495 %a = 12 
n o = 378 0/0 ; = t 

%p = t 

Foraminifera Ostracoda 
36 Valvulinel'ia floTiclana 28 H~dingsina ashe1'vwni 
26 Cibieides lobatulus 22 Loxoeoncha granulata 
10 N onion pizan'ense 15 Cythe1'etta burnsi 

9 Te~~tula1'ia eonsecta 6 Cushmaniclea u lriehi 
4 Blleeella clep1'essa 6 J1!Jun'ayina howei 
2 N onion meclio-eostatmn 4 Tet1'aeythentra shat-
2 Pseuclo polym01'phina tueki 

st1'iata 3 Cytheropter'on sp. 
2 Globulina inaequalis 3 B ensonoeythere whitei 
1 P seudopo lym01'ph ina 2 Cushmaniclea seminuda 

clumblei 2 Mun'ayina martini 
1 Te~~tulaTia g1'amen 2 Pte1'ygoeythe?'eis 
1 SigmO?1WTphina eoneava ame1'icana 
t Bueeella mansfielcli 2 N eoeythe1'l'deis jascinta 
t Bulimina elongata 1 Aetinocythe1'eis exan-
t H anzawaia concent?'ica themata 
t Lagena SubstTiata 1 Cushmaniclea ag1'icola 
t L. tenuis 1 CytheTomorpha warneri 
t N onion ma1'y lanclicum t Campylocyther'e laevis-
t Spi1'oplectammina exilis sima 
t Robulus americanus t Cytheridea subovalis 
t Rotalia bassle1'i t Semicythe1'u1'a c01'yelli 
t Textu laria cancleiana t Eucythere dee livis 
t T. ultima-inflata t E . gib ba 
t Vi1'gulina mioeenica t Pokornyella puncti-
t DisC01'bis flol'iclana st1'iata 

Sample 66-40-3,-Mill Creek 
Upper Dr umcliff Member. 

II, Maryland. 

nb = 11,356 
n o = 1,042 

%a = 10 
0/0; = t 
%p = t 



Foraminifera 
54 Cibicides lobatulus 
18 Valvttlineria fioTidana 

5 T ex tu la?'ia gramen 
4 N onion pizan'ense 
3 N. m edio -costatum 
3 T extula?'ia consecta 
2 H anzatvaia concent?'ica 
2 Rotalia bass leri 
1 Buccella clelJ?'essa 
1 Spiroplectammina exilis 
1 Pseudopolymo?'phina 

dumb lei 
t P. stTiata 
t Buccella mansfielcli 
t Bulimina elongata 
t Lagena laevis 
t L . substriata 
t L . tenuis 
t Massilina glutinosa 
t Quinquelocttlina semi-

nula 
t Robu lus americanus 
t Te xtularia candeiana 
t V i?'gulina miocenica 
t Discorbis fio?'idana 
t Canm'is sag?'a 
t Sigmomo?'phina concava 
t MaTginulina sp. M. A . 
t Dentctlina sp. 
t D. cO?nmunis 
t Globulina inacqualis 

Ostracoda 
17 Httlingsina ashe?'mani 
16 Loxoconcha granulata 
13 Cushmanidea u l?'ichi 
10 NJue llerina lienenlclausi 
10 Cytheretta bUTnsi 

5 CythM'opte?'on sp. 
3 Actinocythe?'eis exan-

themata 
3 Cythe?'O?lW?'pha tvanwri 
3 T et?'acytherttl'a shat-

tuclci 
3 Pte?'y gocythe?'eis 

ame?·icana 
3 N eocythe?'icleis fasciata 
2 Semicythertt?'a cO?'yelli 
2 E chinocythereis 

cla?'lcana 
2 MU1Tayina ?1w?·tini 
2 B ensonocythe?'e tvhitei 
1 Eucythe?'e declivis 
1 E . gibba 
t Cythe?'idea snbovalis 
t Semicythe?'u?'a fO?'u lata 
t PolcoTnyella puncti-

st?'iata 
t Loxoconcha ?'e ticula?'is 
t PCl?"adoxostoma ?'obusta 

Sample 66-41 -1.-Cuckold Creek VI, Maryland. 
Upper Drumcliff Member. 

n b = 579 
no = 475 

Foraminifera 
66 Cibicides lobatu lus 
13 T extttla?'ia gram en 
10 Valvuline?'ia f!:ol"'idana 

2 Disco?'bis candeiana 
2 Pseuclopolymorphina 

st1"'iata 
2 Buccella mansfieldi 
t B . dep?'essa 
t Bulimina elongata 
t N onion medio-costatum 
t N . piza?"Tense 
t Pseuclopolymorphina 

clwnblei 
t Spiroplectammina exilis 
t Rotalia bassle?'i 
t TextulaTia consecta 
t T. ult-ima-infiata 
t Virgulina miocenica 
t Globulina inaequalis 

%a = 14 
%i = 0 
%p = t 

Ostracoda 
28 Cythe?'etta bU1'nsi 
18 Hu lingsina ashennani 
13 Loxoconcha g?·a.?w lata 
11 MueZZe?'ina lienenlclausi 
10 Bensonocythere tvhitei 
6 Cushmaniclea ul?'ichi 
2 Cythericlea subovalis 
2 Cyther01Jte?'On sp. 
2 PolcO?'nyella puncti­

striata 
2 T et?'acythe?'ura shat­

tuclci 
2 N eocythe?'icleis fasciata 
t Actinocythe?'eis exan-

themata 
t Cushmaniclea seminucla 
t Cythe?'O?lW?'pha tvante?'i 
t E chinocythe?'eis 

cla?'lcana 
t EucytheTe cleclivis 
t Haplocythe?'iclea bass le?'i 
t MmTayina ma?·tini 
t Pte?'ygocythm'eis 

amel'icana 
t Propontocypris hotvei 
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Sample 66-41 -2.-Cuckold Creek VI, Maryland. 
Lower St. Leonard Member, 

(No specimens present.) 
Sample 66-43-2.-Maclcall's Landing, Maryland, 

Central Drumcliff Member. 

n b = 540 
no = 218 

Foraminifera 
54 Valvuline?'ia fioriclana 
32 G-ibicicles lobatulus 

5 Bnccella clepTessa 
5 Te x tulaTia gTamen 
x Bolivina paula 
x Buliminella elegantis-

sima 
t Bulimina elongata 
t H anzatvaia concentrica 
t Nonion ?1w?'ylanclicum 
t Quinqu elocu lina semi-

nula 
t Robulus ame?'icanus 
t Rotal'ia bassle?'i 
t DiscO?'bis fiO?'iclana 

%a = 5 
%i =t 
%p = t 
Ostracoda 
57 Cushmaniclea ul?'ichi 
14 Murrayina martini 

8 H u lingsina asher?1wni 
7 A urila laevicula 
5 Muelle?'ina lienenlclausi 
2 MWTa yina hotvei 
2 Bensonocythm'e tvhitei 
1 Cythere tta bu?'nsi 
1 Semicythertt?'a coryelli 
t Cythe?'omo?'pha tvanw?'i 
t Loxoconcha g?'an1l1ata 
t Pterygocythereis 

ame?'icana 

Sample 66-H -2.-1f.!. mile north of Camp Conoy, 
Maryland. Upper Boston Cliffs Member, 

n b = 989 
no = 679 

Foraminifera 
40 Cibicicles lobatulus 
27 Bucce lla mansfielcli 
9 B. clepressa 
7 T extula?'ia gram en 
4 Bulimina elongata 
3 Massilina glu tinosa 
2 Disco?'bis fio?' iclana 
2 Nonion piZa?TenSe 
2 Lagena substriata 
2 L . sp. L. A 
t L. laevis 
t L . temds 
t Nonion meclio-costatum 
t N onionella aw'is 
t PseuclopolymO?'phina 

dumb lei 
t T extula?'ia consec ta 
t Va lvulineTia fioTidana 

%a = 10 
%i= 0 
%p = t 

Ostracoda 
24 Loxoconcha g?'anulata 
19 Cythe?'etta buntsi 
15 Cushmanidea ulric hi 
13 Mun'ayina ?lwrtini 
12 Cythe?'omorpha tvarneri 

4 Pterygocythe?'eis 
ame?'icana 

3 H e?'manites sp. 
2 Echinocythereis 

cla?'lcana 
2 Loxoconcha ?'eticu laris 
2 Mun'ayina hotvei 
1 Cytheropte?'on sp. 
t Actinocythereis exan-

themata 
t Cythe?'idea subovalis 
t Cushmanidea agricola 
t Semicytheru?'a co?'yelli 
t Neocytherideis fasciata 
t Tet?'acythe?'ura shat-

tuclci 
t P1'opontocypris hotvei 
t Paradoxostoma ro busta 
t Cytherois fische1'i 
t ?Machae?'ina sp. 

Sam,ple 66-44-3.-Ij.J. mile north of Camp Conoy, 
Maryland. Lower Conoy Member. 

n b = 15,390 %a = 7 
no = 3,724 %i = 0 

%p"= t 



Foraminifera 
82 Bnccella mansfieldi 

5 Bulimina elongata 
4 Tex tula?'ia consecta 
2 Massilina glutinosa 
2 Lagena substriata 
1 Nonion pizar?'ense 
t Lagena sp. L . B 
t L. laevis 
t Buccella depress a 
t Cibicides lobatu lus 
t Hanzawaia concent?'ica 
t N onion medio-costatnm 
t N onionella aU?'is 
t Robulns americanus 
t Textula?'ia gram en 
t T. ultima-infiata 
t Valvuline?'ia fiO?'iclana 
t DiscO?'bis fio?'iclana 
t Tex tularia sp . 

Ostracoda 
21 Cushmaniclea u l?'ichi 
16 MmTayina rna?·tini 
15 Cythe?'etta bU?'nsi 
10 Mm-rayina howei 

8 Pte?'ygocythereis 
ame?'icana 

6 Cythe?'o?1w?'pha wa?'ne?'i 
5 Cushm aniclea ag?'icola 
5 Echinocythe?'eis 

clarkana 
4 Loxoconcha g?'anulata 
3 Cythe?'01Jte?'on sp . 
2 Cythe?'idea subovalis 
2 Loxoconcha ?'eticnlaris 
t Actinocythereis exan-

themata 
t Cytheretta u l?' ichi 
t Pokontyella puncti­

str'iata 
t Hulingsina ashennani 
t M7rellerina lienenklausi 

Sample 66-47-1.-North of Cove Point, Mary­
land. Lower Conoy Member. 

(No specimens present.) 
Sa?1tple 67-53-1.-Governor Run, Maryland. Cen­

tral Calvert Beach Member. 

nb = 20,008 %a = 15 
no = 12,536 % j = 0 

0/0,, = t 

F oraminifera 
46 Cibicicles lobatulus 
20 l' alvll line?·ia. fioriclalla 
15 Textula?'ia gramen 

7 Nonion marylandicmn 
3 N. piZa?TenSe 
3 Bulimina elongata 
2 Nonion medio-costatum 
1 DiscO?'bis floridana 
t Buccella mansfielcli 
t Hanzawaia concent?'ica 
t Nonionella auris 
t Sigmomo?'phina concava 
t SPI:1'oplectammina exilis 
t R obulu s americanus 
t Rotalia bassleri 
t Textularia u ltima-

infiata 
t Uvige1'ina subpereg1'ina 
t Canc1'is sagra 
t Virgulina punCtata 
x Bolivina paula 

Ostr acoda 
30 S emicythe1'ura cO?'yelli 
24 Cushmaniclea ul?'ichi 
13 Hulingsina ashennani 

8 H a1J1ocythe1'idea bassle?'i 
3 Pokontyella puncti­

st?-iata 
6 Tet1'acythenL1-a shat­

tucki 
4 Bensonocythere w hitei 
3 Pokornye lla pHnctis-

t?'iata 
2 CtLshmanidea seminucla 
2 Cythe1'etta bU?"1lSi 
1 Loxoconcha g1'anulata 
1 Muelle?'ina lienenklausi 
t Actinocythe?'eis exan-

themata 
t Cythe?'O?lW?'pha wa?'ne?'i 
t Eucythere declivis 
t E. gibba 
t Hem·y howella evax 
t Loxoconcha reticula?'is 
t Murrayina howei 

Sample 67-58-1 .-Paris, Maryland. Probably 
upper St. Leonard Member. 

nb=1709 %a =8 
no = 200 % j = t 

%p =t 

Foraminifera 
44 Buccella mansfielcli 
28 Valvulineria fio?' idana 

Ostracoda 
32 Cushmanidea u l?'ichi 
20 Cythe?''etta buntsi 
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11 Cibicides lobatu lus 
7 T ex ttLla?'ia g?'amen 
4 Nonion ma?'ylandicum 
2 Discorbis fio?'idana 
t Cibicides fiO?'idanus 
t Bolivina paula 
t Buccella depressa 
t Bulimina elongata 
t Hanzawaia concentrica 
t Lagena clavata 
t L, subst?'iata 
t L. tenuis 
t Nonion medio-costatum 
t Quinquelocnlina semi-

nula 
t Sigmomo?'phina concava 
t Robulus ame?'icanus 
t T extula?'ia cancleiana 
t Canc?'is sagra 
t Globulina inaequalis 
t Lagena sp . L. A 

18 Hulingsina ashermani 
10 H aplocythe?'idea bassleri 

8 B ensonocythere whitei 
4 Muellerina lienenklausi 
3 Poko?'nyella puncti-

st?'iata 
1 Actinocythereis exan-

themata 
1 Campylocythere laevis-

sima 
1 Cushmanidea seminucla 
1 Mur-rayina howei 
t Cythe?'idea subovalis 
t Eucythe?'e gibba 
t Hem'yhowella evax 
t Mun'ayina ma?·tini 

Sample 67-65-2.-Calvert Beach, Maryland. 
Lower Calvert Beach Member. 

nb = 19,136 
no = 1,669 

Foraminifera 
38 Cibicicles tobattLius 
26 Valvuliner'ia fioridana 
15 Nonion pizan'ense 

7 Spi?'oplectammina exilis 
6 T extula,?'ia candeiana 
4 Nonion medio-costatmn 
t N. ma?'ylandicum 
t DiscO?'bis flo?'idana 
t Lagena substriata 
t L . tenuis 
t Massilina glutinosa 
t Robulus ame?'icanus 
t Entosolenia lucida 
t Bulimina elongata 
t Quinqueloculina semi­

mLia 
t Sigmomorphina wil­

liamsoni 
t Pseud01Jolymorphina 

st?'iata 
t Rotalia bassleri 
t Globulina inaequalis 
t Nonione lla sp. 
t Uvigerina subpereg?'ina 

%a = 13 
%j =t 

%p = 0 

Ostracoda 
17 Mueller'ina lienenklausi 
16 H enryhowella evax 
15 Cushmanidea ulrichi 

7 Echinocythereis 
clarkana 

6 Cytheropte?'on sp. 
5 Hulingsina ashermani 
4 Loxoconcha g?'anulata 
4 Cytheromorpha warneri 
3 Pterygocythereis 

americana 
3 Actinocythe?'eis exan-

themata 
2 A. sp, A. gomillionensis 
2 Cushmanidea agrico la 
2 Cythe?'etta burnsi 
2 C. u lrichi 
2 Semicytheru?'a coryelli 
2 Murrayina ma?·tini 
1 Cytheridea subovalis 
1 Cushmaniclea seminuda 
t Poko?-nyella puncti-

st?-iata 
t Loxoconcha reticularis 
t Murrayina howei 
t Paracypris choctawhat­

cheenis 
t Tetracytherura shat­

tucki 
t Bensonocythere whitei 
t Propontocypris howei 

Sample 67-65-9.-Calvert Beach, Maryland. 
Lower Drumcliff Member. 

nb = 25,870 
no = 2,218 

%a = 14 
%j = t 
%p = t 



Foraminifera Ostracoda 
38 Oibicicles lobatulus 24 Cushmaniclea ulr'ichi 
23 Valvuliner'ia fioriclana 14 Semicytherur'a coryelli 
8 Textularia gramen 11 J-htlingsina ashermani 
3 Bulimina elongata 10 Cytheretta bUTr~si 
3 Uvigerina subperegrina 8 Polcornyella puncti-
2 H anzawaia concentr'ica striata 
2 N onion pizarrense 5 Loxoconcha gr'anulata 
2 Textularia candeiana 5 Mueller'ina lienenklausi 
2 T. consecta 5 MurTayina martini 
1 Buccella mansfieldi 4 Cushnw,niclea seminuda 
1 Nonion marylanclicum 3 Bensonocyther'e whitei 
1 N . medio-costatum 2 Cythericlea subovalis 
t Buccella depressa 2 H enryhowella evax 
t Cibicides fioridanus 2 Murrayina howei 
t La.qena tenuis 1 Loxoconcha reticularis 
t M assilina g lutinosa 1 Tetracytherur'a shat-
t Pseudopolymorphina tucki 

striata t Actinocyther'eis exan-
t Quinqueloculina semi- themata 

nula t A. sp . A. gomillionensis 
t Sigmomorphina concava t Campylocythere laevis-
t Spiroplectammina exilis sima 
t Robulus amer'icantts t Cushmaniclea agr'icola 
t Textularia ultima- t H aplocyther'iclea bassleri 

infiata 
t Vir'gulina miocenica 
t Globnlina inaequalis 

Sample 67-70-15.-East Nomini Cliffs, Virginia. 
Lower St. Marys Formation. 

(No specimens present.) 
Sample 67-71 -1.-1.1 mile south of Western 

Shores, Maryland. Central Conoy Member. 
( No specimens present.) 
Sample 67-72-3.-West N omini Cliffs, Virginia. 

Central Drumcliff Member. 

nb = 1427 %a = 18 
no = 331 %i = 0 

%p = 0 

Foraminifera Ostracoda 
35 ValvulineTia fior'iclana 15 Cyther'etta ulrichi 
14 Spir'oplectammina exilis 14 Mu ellerina lienenklausi 
11 N onion medio-costatum 11 Henry howella evax 
11 Buccella mansfieldi 9 H~tlingsina ashennani 

9 Nonion pizarrense 9 Loxoconcha gr'anulata 
5 Cibicicles lobatulus 7 E chinocythereis 
3 Bulimina elongata clarkana 
3 Lagena substriata 6 Cytheridea subovalis 
2 Textular'ia consecta 5 A ctinocythereis exan-
2 Virgulina miocenia themata 
1 Textularia gramen 5 Pterygocythereis 
t Buccella clepressa americana 
t H anzawai concentrica 4 Cyther'etta burnsi 
t Lagena tenuis 3 Cytheropteron sp. 
t Miliammina fusca 2 Actinocyther'eis sp. 
t Nonion rnarylandicum A. gomillionensis 
t Pseuclopolymor'phina 2 Cushmaniclea u lric hi 

striata 2 Cyther'ol1wr'pha waT1~eri 
t Discor'bis fioTidana 2 Mur'Tayina howei 

2 M. gtmter'i 
1 Tetr'acythenrTa shat-

tucki 
t Cushrnaniclea agricola 
t H aplocytheTiclea? sp. 
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Sample 67-72-8.-West Nomini Cliffs, Virginia. 
Central Boston Cliffs Member. 

nh = 3256 
no = 7261 

Foraminifera 
43 Buccella mansfielcli 
31 Cibicicles lobatulus 

7 Textularia gramen 
5 N onion pizarTense 
4 T extularia consecta 
2 H anzawaia concentTica 
2 N onion mary landicum 
2 ValvulineTia fioriclana 
1 ViTgul'ina miocenica 
t Buccella clepTessa 
t Miliammina fusca 
t N onion meclio-costatum 
t Pseudopolymorphina 

stTiata 
t Quinqueloculina semi-

nula 
t Spiroplectammina exilis 
t Textular'ia candeiana 
t T. ultima-infiata 
t Discorbis fior'iclana 

%a = 11 
%j = t 
%p= t 

Ostracoda 
56 H aplocytheridea 

bassleri 
12 Cyther'etta burnsi 
11 Cushmanidea ulric hi 

7 Hulingsina asheTmani 
4 Loxoconcha r'eticular'is 
2 Basslerites tenmile-

cTeekensis 
2 Muellerina lienenklausi 
1 MUTTayina howei 
1 M. maTtini 
t A ctinocytheTeis sp. 

A. gomillionensis 
t Cushmaniclea seminuda 
t C, aTgicola 
t CytheTetta ulTichi 
t CytheromoTpha waTneTi 
t Pokornyella puncti-

stTiata 
t Loxoconcha granulata 
t Tetracytherur'a shat-

tucki 
t PterygocytheTeis 

americana 

Sample 67-73-2.-Horsehead Cliffs, Virginia. 
Upper Calvert Beach Member. 

(No specimens present.) 
Sample 67-73-4.-Horsehead Cliffs, Virginia. 

Central Drumcliff Member. 

nb = 66,444 %a = 15 
no= 2,692 %i = t 

%p = t 

Foraminifera Ostracoda 
48 Cibicides lobatulus 14 Cytheromorpha warneri 
15 Valvulineria fioriclana 13 Muellerina lienenklausi 

8 Bulimina elongata 12 Cushmaniclea ulric hi 
7 Textu lar'ia gramen 9 Cytheridea subovalis 
5 Spir'oplectammina exilis 9 Loxoconcha granulata 
4 N onion pizarrense 7 Hulingsina ashermani 
3 Virgulina miocenica 6 Pokornyella puncti-
2 Textular'ia candeiana striata 
1 N onion meclio-costatum 4 Pter'ygocythereis 
1 Nonionella auris americana 
t H anzawaia concentrica 4 Murrayina martini 
t Lagena clavata 3 M. howei 
t L . substTiata 3 CytheTetta bUTnsi 
t Massilina glutinosa 3 Cyther'opteron sp. 
t Nonion nw,Tylanclicum 2 ActinocytheTeis exan-
t Quinqueloculina semi- themata 

nula 2 SemicythentTa cOTyelli 
t Robulus arneTicanus 2 Eucythere gibba 
t Rotalia bassler'i 2 H enr'y howella evax 
t TextulaTia ultima- 1 CytheTetta ulric hi 

infiata t Actinocythereis afr. 
t Uvig er'ina subperegr'ina A . gomillionensis 
t Discor'bis fioriclana t Cushmaniclea serninucla 



t Pyr'go subsphaerica 
t Nodosar'ia catesbyi 

t C, agr'icola 
t Echinocyther'eis 

claTlcana 
t Haplocytheridea bassleri 
t Tetracytherura shat­

tucki 
t Bensonoeythe?'e whitei 

Sample 67-63-8,-Horsehead Cliffs, Virginia, 
Lower Conoy Member, 

nb = 16,968 
no = 435 

Foraminifera 
29 Nonion pizarrense 
23 Valvulineria fioridana 
14 Nonion medio-costatum 
12 Spiroplectammina exilis 

7 Buccella mansjieldi 
5 Bulimina elongata 
2 Cibicides lobatulus 
2 Textularia candeiana 
2 Uvigerina subperegr'ina 
1 Nonion marylandicum 
1 Vir'gulina miocenica 
t Buceella depress a 
t Lagena substr'iata 
t Massilina glutinosa 
t Pseudopolymor'phina 

st?'iata 
t Rotalia bassleri 
t Textularia gramen 
t Cancris sagra 
t Diseorbis floridana 

%a = 15 
%; = 0 
%p = t 

Ostracoda 
17 Cyther'idea subovalis 
15 Cytheropteron sp, 
11 Pter'ygocythereis 

americana 
10 Loxoconcha gr'anulata 
10 H ennjhowella eva,x 

9 Ct~shmanidea u lrichi 
8 Cythe?'etta u lr'ichi 
8 Mnellerina lienenklausi 
6 E chinoeythereis 

clar'kana 
4 Cyther'onwrpha warned 
2 Actinoeythereis sp, 
t Campyloeythere sp. 
t Cushmanidea semimula 
t Huling sina ashennani 
t Cyther'ella sp, 

Sample 67-73-9,-Horsehead Cliffs, Virginia, 
Central Conoy Member, 

(No specimens present,) 
Sample 67-74-4,-Parker Creek, Maryland, Cen­

tral Calvert Beach Member, 

Db = 13,061 %a = 6 
no = 3,412 %j = t 

'1o p = t 

Foraminifera Ostracoda 
33 Cibicides lobatulus 28 Cushmaniclea ulrichi 
30 Valvulineria llO?'iclana 13 Cyther'idea sll bovalis 
10 Uvigerina subperegr'ina 8 Cushrnanidea agr'ieola 

5 Textular'ia gr'amen 7 Pter'ygocy ther'eis 
5 Nonion marylandicum americana 
4 N, medio-costatum 6 Loxoconcha gr'anulata 
2 Bul'imina elongata 6 Cyther'etta ulrichi 
2 H anzawaia coneentr'ica 6 Semicytherm'a coryelli 
2 N onion pizarrense 5 Cytherom or'pha war'neri 
1 Lagena substriata 5 Hu lingsina ashennani 
1 N onionella auris 5 Mueller'ina lienenklausi 
t Marginulina sp, M, B 3 E chinocyther'e is 
t Cibicides floriclana elar'kana 
t Bolivina plieatella 2 Murrayinct mar'tini 
t Buecella mansjielcli 1 Cllshrnanidea seminuela 
t Entosolenia Lucida t A ctinocyther'eis e;can-
t Lagena acuticostata themata 
t L, clavata t Cytheretta bU?'?tsi 
t L, tenuis t Cy ther'opter'on sp , 
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t Qninqueloeulina semi- t Eucythere gibba 
mda t Haplocytherielea bassleri 

t Robulus americanus t H enr'y howella evax 
t Rotalia baRsleri t Poko?'?tyella puncti-

t T extular'ia consecta striata 
t T. ultima-infiata t Loxoconcha r eticularis 

t Virgtdina mioceniea t MUT?'ayina howei 
t DiscO?'bis fiO?'idana t N eocyther'ideis fasciata 
t Lagena sp, L. A t T etracytherura shat-
t Elphidium poeyanum tueki 
t Spir'oplectammina t Bensonocythere whitei 

mississippiensis 

Sample 67-74-9,-Parker Creek, 
Lower St, Leonard Member, 

Maryland, 

n b = 1387 
n o = 1868 

Foraminifera 
77 Bucce lla mansjieldi 

5 Spir'opleetammina aff, 
S, exilis 

4 Textularia gr'amen 
2 Bulimina elongata 
2 DiseO?·bis fiorielana 
2 Massilin a glutinosa 
2 Rotalia bassler'i 
2 T ex tularia eandeiana 
1 Nonion pizarTense 
t Buliminella elegantis-

sima 
t Cibieieles lobatultts 
t Hanzawaia coneent?'iea 
t Lagena substr'iata 
t Nonion meclio-costatum 

%a = 13 
% j= 0 
%p = 0 

Ostracoda 
51 A etinocythereis sp, A, 

munclorffi 
26 Cythericlea subovalis 

6 Loxoconcha granulata 
3 Cushmaniclea ulrichi 
3 Loxoeoncha r'etieularis 
2 Cyther'etta burnsi 
2 Cytheromorpha warneri 
2 Murrayina martini 
2 Pterygoeythereis 

amer'ieana 
1 Cytheretta ulrichi 
t A etinoeythereis exan-

themata 
t Cytheropteron sp , 
t E chino eythe?'eis 

clarkana 
t Pokorny ella puncti-

striata 
t Murrayina howei 

Sample 67-74-1 a, -Parker Creek, Maryland. 
Lower Boston Cliffs Member. 

nb = 3623 %a = 4 
no = 2736 o/c; = O 

%p = t 

Foraminifera Ostracoda 
46 Cibicides lobatnlus 25 L oxoconcha gr'anulata 
21 DisC07'bis fiO?'ielana 12 Cyther'idea. subovalis 
11 Buccella mansfie leli 12 Cushmanidea ulr'iehi 
10 Rotalia bassleri 10 M1l?'7'ayina nwr'tini 

3 Hanzawa,ia eoncentrica 7 Cytheretta burnsi 
2 Massilina glutinosa 6 H en nanites sp. 
2 Te~; tularia gramen 6 Cytheromor'pha wanteri 
2 Va lvuliner'ia fioriclana 5 Pokor'nyella puncti-
t Brlccella depr' essa st?'iata 
t Bulimina elongata 4 A ctinocyther'eis exan-
t M iliammina f usea themata 
t Nonion marylandicum 3 Loxoconcha r'etieular'is 
t N . rnedio -eostatum 2 Pterygoeyther'eis 
t Vh'gulina mioeeniea americana 
t Caneris sagr'a 1 Semieyther'ura coryelli 

1 S, r'etieulata 
1 Murrayina howei 



t Aurila laevicula 
t Campylocythe1'e laevis-

sima 
t Cushmanidea seminuda 
t C, ag1'icola 
t Semicytherura torulata 
t Haplocytheridea bassleri 
t Hulingsina ashermani 
t Muellerina lienenklausi 
t T etracytherm'a shat-

tucki 
t B ensonocythere whitei 
t Propontocypris howei 
t Paradoxostoma robusta 

Sample 67-77 -l,-Grubin Neck, Maryland, Cen­
tral Conoy? Member. 

( No specimens present,) 
Sample 67-79-2,-South Boston Cliffs, Maryland, 

Lower Boston Cliffs Member, 

nb = 29,560 
no = 36,002 

Foraminifera 
29 Textula1'ia g1'amen 
26 Cibicides lobatulus 
19 Buccella mansfieldi 

%a = 29 
%i = 8 
%p = t 

Ostracoda 
32 Poko1'nyella lJUncti­

striata 
22 Cythe1'omorpha warne?'i 

90 

8 Rotalia bassleri 16 AU1'iia laevicula 
8 Quinqueloculina semi-

nula 
5 H anzawaia concentrica 
2 Valvulineria fioridana 
t EllJhidium poeyanum 
t Buccella depressa 
t N onion pizan'ense 
t Pseudopolymorphina 

dumb lei 
t Robulus americanus 
t Textula1'ia consecta 
t T, ultima-infiata 
t Canc1'is sagra 
t Discorbis fioridana 
x Bulimina elongata 

8 SemicythenLra c01'yelli 
4 Muellerina lienenklausi 
3 Cushmanidea ulric hi 
2 Haplocytheridea bassleri 
2 SemicythenLra torulata 
2 S, r eticulata 
2 Tetracytheru1'a shat-

ttwki 
2 Cyprideis fioridana 
1 Bensonocythere whitei 
t Actinocythe1'eis exan-

themata 
t Campylocythere laevis-

sima 
t H ennanites sp, 
t Cushmanidea seminuda 
t Cythe1'etta bU1'nsi 
t Hulingsina ashermani 
t L oxoconcha granulata 
t L, reticularis 
t Pterygocythereis 

americana 
t Cytherois fischeri 
t P1'opontocypris sp . 

Sample 67-81-1.-South of Greensboro, Mary­
land, Central Calvert Beach Member. 

(No specimens present.) 



Maryland Geological Survey 
Latrobe Hl~.ll 

The Johns Hopkins University 
Baltimore, Maryland 21218 

Reports of Investigation 

1. Chemical quality of water and trace elements in the Patuxent 
River Basin, by S. G. Heidel and W. W. Frenier, 1965, 52 p. $1.00 

2. Pleistocene stratigraphy of the Salisbury area, Maryland and 
its relationship to the lower Eastern Shore: a subsurface 
approach, by H. J. Hansen, 1966, 56 p. . . . . . . . . . . . . . . . . . 2.25 

3. Water resources of the Salisbury area, Maryland, by D. H. 
Boggess, R. A. Gardner, and S. G. Heidel, 1968, 69 p. . ...... . 3.00 

4. Expandable clay in the St. Marys Formation of Southern 
Maryland, by M. M. Knechtel, H. P. Hamlin, and J. W. 
Hosterman, 1968, 19 p. . . . . . . . . . . . . . 1.00 

5. Chemical quality reconnaissance of water of Maryland streams, 
by J. D. Thomas, 1966, 61 p. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.00 

6. Revision of stratigraphic nomenclature-Glenarm Series of the 
Appalachian Piedmont, by D. L. Southwick and G. W. Fisher, 
1968, 19 p. . . . . . . . . . . . . . . 1.50 

7. Geophysical log cross-section network of the Cretaceous sedi-
ments of Southern Maryland, by H. J. Hansen, 1968, 46 p. 4.00 

8. Piedmont and Coastal Plain geology along the Susquehanna 
Aqueduct: Baltimore to Aberdeen, Maryland, by E. T. Cleaves, 
1968, 45 p. . . . . . . . . . . . . . . . . . . . .. 2.00 

9. Chemical and physical character of municipal water supplies in 
Maryland, by J. D. Thomas and S. G. Heidel, 1969, 52 p. . . . . . . 1.00 

10. Ground-water occurrence in the Maryland Piedmont, by L. J. 
Nutter and E. G. Otton, 1969, 56 p. . . . . . . . . . . . . . . . . . 2.50 

11. Petrology and origin of Potomac and Magothy (Cretaceous) 
sediments, Middle Atlantic Coastal Plain, 1969, 101 p., by J. D. 
Glaser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3.50 

12. Paleoecology of the Choptank Formation (Miocene) of Mary-
land and Virginia, by R. E. Gernant, 1970. . . . . . . . . . . . . . . . .. 4.50 

Maryland residents add 4 % tax. 





PALEOECOLOGY OF THE CHOPTANK FORMATION (MIOCENE) OF MARYLAND AND VIRGINIA 

REPORT OF INVESTIGATIONS NO. 12 


