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ABSTRACT

Two interpretations of the Outer Coastal Plain strati-
graphy of southeastern Virginia exist. Oaks and Coch (1973)
believe that the sediments east of the Suffolk Scarp were
deposited during two transgressions and regressions, while
Luebke and Johnson state that there was only one.

Vibracores taken off of Dam Neck, Virginia show that
the offshore stratigraphy consists of only one Pleistocene
transgressive-regressive unit, and the Holocene transgressive
sequence. This is also the case to the south off of False
ggggs Virginia (Shideler, Swift, Johnson, and Holliday,

A late Pleistocene sea level curve was developed by
Shackleton and Opdyke (1973) from oxygen isotope data. The
curve was calibrated by using calculations of the isotopic
composition of the Wisconsinan Ice Sheets. This curve is
too imprecise for a low-relief area like the Middle Atlantic
Coastal Plain, because it does not fit the geomorphology
there or on the continental shelf.

The data of Shackleton and Opdyke was recalibrated using
the maximum Wisconsinan low-stand value of Dillon and Oldale.
The new curve shows that sea level reached a maximum elevation
of +16.2 m (+53 ft.) 120,000 years ago, and then retreated
to the continental shelf for the remainder of the Pleisto-
cene. The high stand is very close to the maximum elevation
of the estuarine and lagoonal facies of the Norfolk Formation
(+14.0 m (+46 ft.) and +14.6 m (+48 ft.), respectively),
which has been dated to be 120,000 to 130,000 years old.
Thus, the sea level curve provides an independent model of
the geologic history of the Coastal Plain.

According to the recalibrated curve, sea level did not
transgress to its present elevation at any time after the
120,000 year high stand until the Holocene. Therefore, both
the offshore stratigaphy and the study of Pleistocene sea
level changes supports the interpretation of Luebke and
Johnson.
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DEVELOPMENT AND APPLICATION OF A PLEISTOCENE SEA LEVEL
CURVE TO THE COASTAL PLAIN OF SOUTHEASTERN VIRGINIA



INTRODUCTION

The Coastal Plain of Virginia is the land which lies to
the east of the Fall Zone and extends to the édge of the Con-
tinental Shelf (Clark and tiiller, 1912). The sediments of
this region consist of a series of more or less unconsolidated
sands, gravels, and marls of Cretaceous to Holocene age
(Richards, 1967). The Outer Coastal Plain sediments of south-
eastern Virginia are composed of a series of marine, marginal
marine and fluviatile facies of Pleistocene age (0Oaks and
Coch, 1973) which were deposited when sea level was higher
than present during the interglacial periods.

Geologists have studied the Pleistocene sediments of the
Virginia Coastal Plain for over 100 years. When Rogers (1884)
first described the area, he recognized two terraces separated
by a scarp east of Suffolk. The scarp was identified as a
former shoreline, while the terrace formations, according to
Rogers, were deposited under marine conditions which existed
because the land had subsided relative to the sea. Shaler
(1890) also described the same three geomorphic features,
but did not hypothesize on the mechanism which caused marine
features to be present above sea level. Detailed work in
the Coastal Plain began with Shattuck in 1906. He recognized
three Pleistocene terraces in Maryland which had been deposited

and eroded due to successive periods when the land had been
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submerged or uplifted. Shattuck's ideas were reiterated by
Clark and Miller (1912) in their work on the Virginia Coastal
Plain. The volume of the ocean was assumed to have been con-
stant with time, so elevated marine deposits were reasoned

to be caused by the submergence and emergence of the land.
The mechanism for these apparent vertical moﬁements was un-
known, although Shattuck (1906, p. 137) ruled out isostasy
because of the anomalous fact that the land had sunk after a
period of erosion, and was uplifted after a depositional
period.

The first mention of sea level change as a cause of the
elevated marine deposits of the Middle Atlantic Coastal Plain
occurs in Wentworth (1930). Even at this point, he was reluc-
tant to commit himself, and stated that ''the successive emer-
gences and submergences may be regarded as due either to
crustal movements or to fluctuations in sea level." He fur-
ther stated that "So far as the local evidence is concerned,
either cause is as valid as the other." (p. 118). Flint (1940)
acknowledged the fact that the Pleistocene sea level changes
led to the deposition of the Coastal Plain sediments. His
ideas were further refined by Oaks and Coch (1973), who did
extensive field work in the region during the early 1960's.

The Outer Coastal Plain geomorphology and stratigraphy of
southeastern Virginia was mapped and described by Oaks (1965).
He found five different Pleistocene sedimentary units (Table I
which are closely associated with geomorphic features in the

area (Figure 1). According to Oaks, the Great Bridge, Norfolk
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and Kempsville Formations were laid down during one trans-
gression and regression, while the Londonbridge and Sandbridge
Formations were deposited during another. Later work by
Luebke and Johnson (1967) resulted in a second interpretation.
They believe that the five Pleistocene units described by Oaks
(1965) were deposited during one transgression and regression
rather than two (Figures 2 and 3).

The disparity between the stratigraphic interpretations
of Oaks and Coch (1973) and Luebke and Johnson (1967) must
be resolved, so the geology of the area can be used to guide
studies in other areas. Two methods can be used to determine
which interpretation best describes the geologic history of
the region. The first method involves the study of the
stratigraphy of the Inner Shelf. The stratigraphy offshore
of southeastern Virginia will reflect the history on land.

If there is evidence of two Pleistocene transgressive-regres-
sive sequences off the area, the interpretation of Oaks is
correct. If, however, only one Pleistocene transgressive-
regressive sequence is present, the interpretation of Luebke
and Johnson should be used as a model for studies elsewhere
in the Coastal Plain.

A second method is closely related to the concept of
Pleistocene sea level changes. A sea level curve independent
of the local evidence can be used to describe the region's
geologic history. This model can be compared with the two
interpretations of the Coastal Plain geology. The idea which

best fits the model developed from a Pleistocene sea level
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Figure 3-Generalized stratigraphic sequences of southeastern
Virginia as interpreted by Oaks and Coch (Upper)
and Luebke and Johnson (Lower).
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curve can be used as a guide for studies in other areas.

Such a curve could be used alone to aid in the interpretation
of Pleistocene Coastal Plain sections in other regions.
Assuming no tectonism, it could provide a useful tool for

the study of the Coastal Plain geology.



STRATIGRAPHIC DESCRIPTION-DAM NECK, VIRGINIA

A series of vibracores were taken off of Dam Neck, Vir-
ginia (Figure 4) during September, 1976 for éngineering
studies associated with the Atlantic Outfall project. One
half of each core was given to the Institute by Malcom Pirnie,
Inc. for the purpose of geologic studies. The sediments off-
shore of Dam Neck can be divided into five distinct units on
the basis of lithology (Figure 5):

Unit I-Dark to light gray fine silty sand. This layer

is made up of the upper two to six inches of
each core, and is reworked from the underlying

sediment.

Unit II-Peat and tan to light gray, fine to medium
sand with some organic clay layers.

Unit III-Interbedded dark gray clay, silt and fine,
medium and coarse sand.

Unit IV-Dark gray silty fine to medium sand with layers
of shell hash. Contains Foraminifera. Layer
coarsens toward base, where there is a gravel-
cobble layer.

Unit V-Dark gray micaceous sandy clayey silt. Upper
eight to ten inches is oxidized reddish-brown.

Samples from each unit were examined microscopically, and
Foraminifera were collected to aid in determining the environ-
ment of deposition of each unit (Figure 6). This information
can be used to interpret the the shoreface history at Dam
Neck, Virginia.

The Foraminifera in the cores are a nearshore marine

assemblage, consisting of members of the genera Elphidium,
13
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Figure 6-Stratigraphic distribution of Foraminifera from
samples in selected cores off of Dam Neck, Virginia.
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Quinqueloculina, Nonion, Buccella, and a scattered Textularia.

Phleger (1960) includes several species of these genera in
his plate of nearshore marine benthonic Foraminifera (p. 154).
This information, combined with the geology, aids in the in-
terpretation of the environments of deposition of the Dam
Neck sediments (Figure 7).

Unit I, a layer of reworked sediment with variable thick-
ness covering the other units, is of little importance to this
study, except for the fact that it indicates that there is
very little new sediment presently being deposited on the
Inner Shelf. Unit II consists of peat and sand with some
organic layers. Identification of the microfauna and micro-
flora proved unsuccessful, so the environment of the peat is
unknown. Although no radiocarbon dates have been made, it
is believed that the peat is Holocene in age, because it is
closely associated with the sediments of the Holocene barrier,
which has become welded onto the fastland in this area. Unit
IIT, which 1s made up of interbedded dark gray clay, sand and
silt, contains a nearshore marine foraminiferal assemblage.
The bedding and microfauna are indicative of lagoonal sediments.
This unit is also believed to be Holocene in age. Unit IV,

a dark gray silty fine to medium sand, also contains a near-
shore marine assemblage. A radiocarbon date on a shell, Macro-

callista nimbosa (Lightfoot) from Core B-0-22 at a depth of

-51.5 feet, gave an age of >29,000 years B.P. It is believed
that this unit correlates with the Norfolk Formation, because

the environment of deposition and lithology in the Dam Neck
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cores are similar to the sediments of this formation on land
in southeastern Virginia. Unit V, a dark gray micaceous sandy
clayey silt, underlies the basal gravel-cobble layer of Unit
IV. Although this unit does not contain any microfossils,

it is believed that it was deposited in a low energy environ-
ment, such as a bay or lagoon. The lithology is similar to
that of the Great Bridge Formation (Oaks, 1965; p. 107), with
which the unit probably correlates.

Based on the description of the sedimentary units at Dam
Neck, Virginia and the succession of environments (Figure 7),
the shoreface history can be described. The stratigraphic
section can be divided into two parts: a Holocene sequence,
and a Pleistocene sequence (Figure 8). Based on the succes-
sion of environments, it can be concluded that the sediments
offshore of Dam Neck are the product of two separate trans-
gressions. The Holocene sediments (Units I-III) are the re-
sult of the postglacial rise in sea level, which still con-
tinues today. At some time since the Wisconsinan low stand,

a barrier has migrated landward, and subsequently become welded
onto the fastland.

The underlying Pleistocene sediments were deposited during
the transgression and regression of the last high stand, which
occurred more than 40,000 years ago. A tentative date on this
event is 120,000 to 130,000 years B.P., based on Uranium series

dates on Mercenaria from the Norfolk Formation at the A.B.

Southall Pit in York County, Virginia. The section offshore

of Dam Neck supports the interpretation of Luebke and Johnson



Holocene Barrier
Island Sediments

HOLOCENE

7\

i

=

Wl Vi Sandbridge
8 » London bridge
— Kempsville

9 Norfolk

wl

|

a

)4 } Greatbridge

Figure 8-Stratigraphic sequence of sediments at Dam Neck, Va.
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(1967), because there is no break in the Pleistocene section.
There is little evidence to support the idea of a post-Kemps-
ville regression and transgression, which was hypothesized
by Oaks.

This is not the only area of the Virginia Shelf where only
one Pleistocene sequence was observed. Shideier, Swift,
Johnson and Holliday (1972) also found a single Pleistocene
transgressive-regressive sequence. The Pleistocene unit off
of Falée Cape, which is described as a ''greenish-gray fine
grained, muddy sand" (p. 1794) was also correlated with the
Great Bridge through Sandbridge sequence on land. The Holo-
cene unit at False Cape consists of a '"'discontinuous trans-
gressive sand sheet." Thus, the offshore stratigraphy of
two parts of the Virginia Inner Shelf indicates that there
is only one Pleistocene transgressive-regressive sequence

in the Outer Coastal Plain.



SEA LEVEL CURVES

A sea level curve is a graphical representation of the
change in sea level through time. On the abécissa of the
graph, time, in thousands of years, is plotted, while the
elevation of the sea, with respect to present sea level, is
Plotted on the ordinate. Information from which sea level
curvew are derived comes from dates of sea level indicators
which have been collected in the course of geological in-
vestigations. Many such curves have been derived on the
basis of work in several areas of the world. They can gener-
ally be classed into three groups, based on the type of evi-
dence used, and the length of the time scale. The three
types of curves are local postglacial, short-term eustatic
and long term eustatic sea level curves.

Local Postglacial Curves

Local postglacial sea level curves are the simplest type
of curves (Figure 9), being constructed on the basis of geo-
logic investigations in a small area (Belknap and Kraft, 1977;
Redfield, 1967; Scholl, Craighead and Stuiver, 1969; Ellison
and Nichols, 1976; and many others). These curves usually
have maximum time scales of 10,000 to 15,000 years B.P., be-
cause they are limited by the return of the sea to the area
under consideration. Local postglacial curves are derived
from Carbon-14 dates of sea level indicators, such as salt

23
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Figure 9-Plot of several local postglacial sea level curves
(Belknap and Kraft, Delaware; Emery and Garrison,
Milliman and Emery, Northeastern United States;
Scholl, et al., Florida; Ellison and Nichols,
Virginia Chesapeake Bay; Bloom, Eastern Caroline
Islands). After Belknap and Kraft, 1977.
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marsh peat (Newman and Rusnak, 1965; Redfield, 1967) and man-
grove peat (Bloom, 1970, Scholl, Craighead and Stuiver, 1969).
These curves have been used to interpret the Recent history
of a small area, such as a marsh (Newman and Rusnak, 1965;
Bloom, 1970; Scholl, et al., 1969) and to compare the postgla-
cial transgressive history of two or several éreas (Belknap
and‘Kraft, 1977). Because not all areas have been tectonically
stable, these curves contain the effects of local diastrophism,
which cannot be corrected for unless an independent check can
be made to compute the rate and amount of tectonism that has
occurred. Because local postglacial sea level curves have
relatively short time scales, their applicability to this
study is limited, except in the study of the thin veneer of
Holocene sediments in the outermost Coastal Plain.
Short-term Eustatic Curves

Eustatic sea level curves give the world-wide change in
sea level with time. They are based on Carbon-14 dates of
sea level indicators, which were collected over a wide area
of the shelf, and sometimes are supported with evidence from
other parts of the world. The curves of Milliman and Emery
(1968) and Curray (1965) are generally believed to describe
world-wide sea level changes from the Pleistocene to the
present. The dates used to derive these curves have been re-
viewed by a number of workers (Poag, 1973; Macintyre, Pilkey
and Stuckenrath, 1978). This has prompted Dillon and Oldale
(1978) to revise the curve based on data from the East Coast

of North America (Figure 10).
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Several different sea level indicators have been used in
the derivation of short-term eustatic curves, including
oysters, oolites, Lithothamnion, salt marsh peat, and mangrove
peat. Although most of these are generally accepted as sea
level indicators, the role of oysters has recently been re-
evaluated (Macintyre, Pilkey and Stuckenrath,.1978). Since
long-form oysters are widely accepted as intertidal, Macintyre,
et al., limited their samples to this form. They concluded
that '""Relict oysters are . . . unreliable references for re-
constructing sea level, due to the fact that there is evidence
indicating ''significant post-depositional transport of these
shells" (p. 277). The results prompt serious reconsideration
of several points on the sea level curves of Milliman and
Emery (1968) and Curray (1965). Based on this study, it can
be concluded that dates on oyster shells should be used only
when the sample has been collected in growth position, or
when it is sure that the sample has not been transported far
from its site of origin.

One other factor which must be considered in the deriva-
tion of a short-term eustatic sea level curve is the method
of dating used. Carbon-14 dating is the most common technique
for peat and carbonate. Carbon-14 is a radioactive isotope
which forms in the upper atmosphere when neutrons produced
by cosmic rays collide with the nuclei of Nitrogen-14 atoms
(Brownlow, 1979):

13N + §n - ¢C + 1H (1)

The unstable Carbon-14 eventually decays to Nitrogen-14 by
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the emission of a beta particle. The half life of this pro-
cess is 5,730 years (Brownlow, 1979).

In the atmosphere, Carbon-14 is continuously produced and
readily combines with oxygen to form carbon dioxide. This
mixes with the rest of the atmosphere, eventually reaching
the earth's surface. During photosynthesis, it is utilized
by plants; animals absorb Carbon-14 through the food chain.
Aqueous animals and plants also deposit carbon in the form
of calcium carbonate. While they are alive, organisms are
able to maintain a constant C!*:C'? ratio, which is in equi-
librium with the atmosphere. When the organisms die, carbon
is no longer taken up, and the radioactive Carbon-14 begins
to decay. By measuring the Carbon-14 content of organic re-
mains, the time of death can be calculated.

Radiocarbon dating is subject to two major problems.
First, the C!'*:C'? ratio varies with time (Stuiver, 1971).
These variations can be corrected for when Holocene material
is being dated, but corrections for the Pleistocene are only
approximations (Bowen, 1978). The second problem with radio-
carbon dating is that of contamination. If a closed system
is not maintained, extraneous carbon can contaminate the
sample. This is common with carbonate material, but is not
exclusive to carbonates. Such contamination would have a
great effect on samples near the maximum range of radiocarbon
dating, no matter if the sample is peat or shell (Bowen, 1979).
Because of the problems inherent in the Carbon-14 dating

method, the maximum age range differs for the type of material
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being dated: wood, peat, organic mud, and charcoal can be
dated to 40,000 years B.P., while organic carbonate has a
maximum age range of 20,000 to 25,000 years B.P. (Meyer
Rubin, personal communication).

J.R. Curray was one of the first workers to publish a
sea level curve based on radiocarbon dates of samples collected
in the course of geologic investigations (Table II). This
curve (Figure 11) was first published in 1960, and was further
developed and refined in later papers. The date which Curray
arrived at for the late Wisconsinan low stand is about 18,000
years B.P. Later workers, notably Milliman and Emery, felt
that that this date was too old, but recently geologists have
returned to a date which more closely approximates Curray's
(Dillon and Oldale, 1978; Flint, 1971). Most evidence avail-
able, on land and on the continental shelf, supports this
date. Curray postulated several minor transgressions and
regressions, which have been super-imposed on the gradual
rise in sea level since the late Wisconsinan; these were
based on the study of the sediments on the Texas shelf, and
are similar to those hypothesized by Fairbridge (1961). More
study is needed before sea level changes such as these can
be precisely defined.

Several recent workers have begun to re-evaluate Curray's
data, the first being Curray himself (Curray and Shepard,
1972). Poag (1973) pointed out that several of Curray's dates
were on samples collected from banks subject to tectonism due

to the presence of salt domes. Dillon and Oldale (1978) state
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that Curray does not have evidence from the Gulf of Mexico
deeper than -88 metres; apparently evidence for his curve
deeper than this is based on material from tectonically active
California. As is evident from Table II, several of Curray's

dates were on Crassostrea virginica (Gmelin) which, in the

light of recent investigations (Macintyre, Pilkey and Stucken-
rath, 1978) may provide a dubious estimate of former sea levels.
Poag (1973) provides an excellent summary on the study of
sea levels in the Gulf of Mexico when he says "In order to
bring about a new and more thorough understanding of late
Quaternary sea levels in the Gulf of Mexico a renewal of
intensive investigation is needed . . . Only after the vaga-
ries of local sequences are known can a reliable interpreta-
tion of worldwide eustatic changes be accomplished." (p. 399).
Curray states the same conclusion, in fewer words, by saying
"Let's go back to the field." (Curray and Shepard, 1972; p. 18).
Up to this point, several sea level curves have been dis-
cussed in the light of the type of data that constitutes a
good sea level indicator. Intertidal organisms provide the
best estimate, while those with limited depth ranges, such

as Crassostrea virginica (Gmelin) may be used if the study

does not require great accuracy. Work in the Gulf of Mexico
points out the importance of tectonism in sea level studies.
Unless the tectonic history of an area is known, sea level
studies should proceed with extreme caution. If, however,
tectonism can be corrected for, the revised depth of any sea

level indicator can be used to derive a sea level curve.
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Milliman and Emery (1968) published a curve based on in-
formation from several areas of the Atlantic Continental
Shelf of North America (Table III). Their curve was also
supported with dates from other areas of the world (Figure
12). They stated that since their curve fitted the world
evidence better than Curray's, their's was a Eetter approxi-
mation of a world-wide eustatic curve. They also concluded
that there had been uplift on the Texas Coast. However,
Milliman and Emery never considered the possibility of tec-
tonism along the East Coast of the United States.

For several years, geologists have recognized the presence
of several geomorphic features on the Atlantic Continental
Shelf. These features have been identified as the remnants
of scarps which formed when sea level was lower during the
Wisconsinan Glaciation (Garrison and McMaster, 1966; Emery
and Uchupi, 1972). Recent work by Dillon and Oldale has
illustrated the value of these features in sea level studies.
Several radiocarbon dates have been made on samples collected
near these features, giving an estimate of the time since
the shoreline was last occupied. When the depth to these
relict shorelines was plotted against distance along the
shelf, it became apparent that the depth to these scarps
increased to the north of Central New Jersey. Since they
originally formed at sea level, these shorelines were, at
one time, level along their entire length. Therefore, Dillon
and Oldale concluded that the continental shelf north of cen-

tral New Jersey had subsided since the scarps formed. Since
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several of the dates controlling the low point of Milliman
and Emery's curve were made on samples from this part of the
shelf, Dillon and Oldale corrected the associated depths
by the amount of subsidence which had occurred. These correc-
tions, when considered with the other information on samples
controlling the low point of the curve (Macintyre, Pilkey
and Stuckenrath, 1978; Macintyre, Blackwelder, Land and
Stuckenrath, 1975) resulted in a new estimation for the
maximum Wisconsinan lowering of sea level. This new wvalue
of -93 metres (-305 feet) is very close to the sea level which
has long been accepted by other glacial geologists (Flint,
1971; Daly, 1925). The examination and re-evaluation of Mil-
liman and Emery's data by Dillon and Oldale has led to a new
eustatic curve. But even this, however, cannot be utilized
in the study of ‘the Coastal Plain geomorphology and strati-
graphy, because of the limited time scale resulting from the
Carbon-14 dating method. This restriction will apply to all
sea level curves derived from data collected on the continen-
tal shelves of the world.
Long-term Sea Level Curves

Geologists now have a better estimate of the range of
sea level changes during the Late Wisconsinan. But all of
the curves discussed have time scales limited by the method
of dating used. As is evident from the radiometric dates of
Oaks and Coch (1973), a sea level curve for the Coastal Plain
must have a time scale which covers a time period longer than

the limits of the radiocarbon method. The attributes of a
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sea level curve for use in the Coastal Plain can be compiled
based on the curves already studied. First, any sea level
curve used must provide information on not only the land

area presently below sea level, but also contain information
on which to interpret the Pleistocene sediments above sea
level. This brings about a second point. Siﬁce the sediments
under consideration in the Coastal Plain have been dated as
being approximately 120,000 to 130,000 years old, the radio-
carbon dating method will not work because the maximum limit
is much lower than the age of the sediments being studied.

A third rule should also be applied to sea level studies:
dates on samples should only be used to derive a sea level
curve when the tectonic history of the area is known. If the
present elevation of a sample cannot be corrected by adding
the amount of subsidence, or subtracting the amount of uplift
for the area if there has been tectonism, the data is of limited
value.

In the study of Pleistocene geomorphology and stratigraphy,
three curves have been published, based on widely differing
data (Fairbridge, 1961; Chappell, 1974; Shackleton and Opdyke,
1973), which meet the requirement of a time scale greater
than 40,000 years B.P. Each of these curves, and the methods
used to derive them, will be examined to choose a curve that
is best suited for studies in the Coastal Plain.

R.W. Fairbridge (1961) was one of the first geologists
to evaluate the literature on the subject of sea level changes,

and his summary is still one of the best. From his work, a
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sea level curve was derived (Figure 13). The altitudes of

the high stands were found by studying the elevation of
Pleistocene scarps and terraces in the Mediterranean. Scarps
and terraces have been widely used by geologists as indicators
of high sea levels. To estimate the position of a former
high stand, the elevation of the toe and crest of a scarp are
used as boundaries. The elevation of sea level must be some-
where between these values. Study of the sediments associated
with the scarp aid in determination of the former sea level.
In studying the scarps and terraces, Fairbridge noted that
""One of the most striking features of these high terraces is
the apparent chronologic order of the steps; the older they
are, the higher the elevation." (p. 121). The Fairbridge

sea level curve shows that sea level was much higher during
the Early Pleistocene than it is at present. The decrease

is attributed to the fact that the Antarctic Ice Sheet melted
back less with each successive interglacial. To calculate

the elevation of the Quaternary low stands, Fairbridge
assumed that each eustatic change was approximately equal

to the fall caused by the Wisconsinan Glaciation. The change
during the Wisconsinan (100 m.) was reduced by 5% for each
previous glacial period. The change was subtracted from the
elevation of each previous high sea level to calculate the

low stands associated with each glaciation. Thus, Fairbridge
had a record of sea level changes caused by the Pleistocene
glaciation and deglaciation. This curve, however, was similar

to that of Oaks and Coch (1973), because there was no time
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scale associated with it. The curve was plotted to fit the
time scales of the paleotemperature curves of Emiliani (1955,
1957) and the modified time scale of Broecker, Turekian and
Heezen (1958). The curve has since been re-plotted with =
longer time scale, making it the first record of sea level
changes for the entire Pleistocene (Fairbridge, 1971) . There
are two problems with the Fairbridge curve. The first was
pointed out by Fairbridge himself, when he stated '"the pre-
cise correlation of Pleistocene high sea levels with definite
interglacial phases is not universally agreed upon.' The
sedimentary units of the Coastal Plain cannot be correlated
directly with the unconformity between two till units marking
the retreat of a continental ice sheet. There were, and
still are, very few exact radiometric dates on the Pleistocene
terraces and scarps throughout the world, so correlations
between widespread geomorphic features based on altitude alone
may not be accurate. Secondly, by basing his curve on geoc-
morphic interpretations, Fairbridge exposes it to errors which
arise from differences of opinions in the interpretation of
stratigraphic sequences, as exemplified by the disparate in-
terpretations in the Virginia Coastal Plain (Oaks and Coch,
1973; Luebke and Johnson, 1967). Nevertheless, this curve
was the first attempt at describing Pleistocene sea level
changes, and deserves recognition for inspiring interest in
the subject of Quaternary sea level changes.

Uplifted coral reef deposits have been used in sea level

studies by several geologists (Broecker, Thurber, Goddard,
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Ku, Matthews and Mesolella, 1968; Bloom, Broecker, Chappell,
Matthews and Mesolella, 1974; Chappell, 1974). These features
are particularly useful because if their ages fall outside

of the radiocarbon range, uranium series methods can be used
(Barnes, Lange and Potratz, 1956). The islands of Barbacdos
and New Guinea have been studied extensively because a numbervr
of coral reef terraces have been elevated above sea level

by tectonism. Reefs of similar ages have been found on both
islands, providing substantiating evidence for each other.
The ages of the reefs are approximately 125,000 years B.P.

or less, although recent work has established the existance
of terraces as old as 640,000 years B.P. (Bender, Fairbanks,
Taylor, Matthews, Goddard, and Broecker, 1979).

In order to use uplifted reef deposits in sea level investi-
gations, the present terrace elevation must be corrected by
subtracting the amount of uplift which has taken place since
deposition. Because neither the rate of uplift, nor the ori-
ginal elevation of the terraces with respect to present sea
level was known, a method to solve for one of these variables
was needed. Bloom, et al., (1974, p. 199) compared the problemn
to "that of a man standing on a ladder. We are told the length
of time he has been climbing, and his present height above
some reference rung.'" The object of the investigation is o
"determine (a) his rate of climb, and (b) the rung on which
he began." Since "both unknowns cannot be solved," some siy-
plifying assumptions were made.

A value for the elevation of sea level 125,000 years ago
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was obtained from work in Florida and the Bahamas. (Mesolella,
1968). This assumed value of +6 metres (+20 feet) was accepted
as the maximum elevation of sea level at the time Rendevous
Hill (Barbados Terrace III) was deposited. From this, Mesc-
lella (1968) and others (Broecker, et al., 1968; Chappell,
1974) calculated the rate of uplift for différent parts of
the two islands. Given the rate of uplift, the elevation
of sea level at the time of terrace deposition was calculated.
The resulting sea level curves for Barbados and New Guinea
give the high sea level stands for the last 125,000 years
(Figure 14). No information on the intervening low stands
is available from the study of the uplifted reefs.
Calculations such as these have been the basis for much
of the work on Barbados and New Guinea for the last 11 years.
Stearns (1976) recently evaluated the work in Barbados. 1In
his summary (p. 448).he states that ''the Barbados model is
just what it was proposed to be: a fruitful first approxima-
tion. It is not sufficiently precise to yield close deriva-
tive measurements of 'paleosea levels' or 'control points’
to be used as correction factors in other areas.' Therefore,
the sea level curves derived from work in Barbados and New
Guinea can be considered, but should not be used to derive
a model for the geologic history of the southeastern Virginia
Coastal Plain.
Shackleton and Opdyke (1973) were the first researchers
to propose the use of oxygen isotopic deviation, as measured

in deep sea cores, to derive a sea level curve. This is
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possible because light molecules of water (H,0'®) evaporate
more readily than heavy molecules (H,0'®). Thus, during
glacial periods, when sea level is lower, the ocean is en-
riched in H,0'%®. H.C. Urey was the first scientist to suggco®
the use of measurements of oxygen isotope ratios as a geo-
thermometer in 1947 (Hecht, 1976). He and others, notably
Epstein, Buchsbaum and Lowenstam (1953), developed the methods
for measuring the oxygen isotopic composition which can be
applied to almost any marine organism with unrecrystallized
shells of calcium carbonate (Hecht, 1976). Emiliani (1955)
was the first person to apply oxygen isotope measurements

to Foraminifera, and extended his work to the Foraminifera
from several Atlantic and Carribean cores. He attributed

the variation in oxygen isotopic composition to the tempera-
ture changes in the ocean caused by the advance and retreat

of the continental ice sheets. Emiliani calculated paleo-

temperatures according to the equation:

T = 16.5 - 4.3(5 - A) + 0.14(S - A)?2 (2)
Where:
018/016
§ = 1000 — sample ~_ 4 (3)
0**/0 standard
and

01 8/016(‘}\]!)
OlB/olG(w)

-1 (4)

The isotopic deviation between the analyzed sample and a

standard is 8 and "A" is the correction factor applied if the



isotopic composition of the water from which the sample was
deposited (W') differs from the isotopic composition of averscs
marine water (W). To calculate the paleotemperature, Emili~ =i
used equation (2), substituting the measured value for &,

and using a value for "A" which had been calculated on the

basis of measurements of present marine water samples. FEmiliani
felt that the change in isotopic composition observed in
Atlantic and Carribean cores was primarily due to temperature
changes, and therefore assumed the deviation caused by the
change in volume of the sea to be negligible.

The sea level curve of Shackleton and Opdyke (1973) is
based on the work of Olaussen (1965) and Dansgaard and Taubar
(1969), who calculated the effect of the change in volume of
the ocean on the oxygen isotopic composition of sea water.

They feel that the variation in oxygen isotope ratios in
deep sea cores is caused by the removal of water from the
ocean, not the change in termperature (as postulated by

Emiliani, 1955). By calculating the volume of former glacisvs

and their mean isotopic composition, Olaussen, and Dansgaard
and Tauber, were able to derive the change in isotopic coumpo-
sition of the ocean caused by the removal of that volume of
water. These computations are based on the fact that as

sea water is removed from the ocean and piled onto the ‘azv:
as a continental ice sheet, the ocean will become enrichad
in H,0!'®, The result is that there will be a higher 0'°/0:'"
ratio during glacial periods than during interglacials.

Shackleton and Opdyke analyzed the tests of Foraminifera
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core V28-238, which was taken on the Kapingmarangi Rise in

the Pacific Ocean (01° 01' N., 160° 29! E.). 1In order to

apply a time scale to the information, the paleomagnetism

of the core was studied. A complete magnetic reversal was
found at a depth of 1200 cm. This reversal was interpreted

to be the Bruhnes/Matayuma reversal. The date of this event
was placed at 700,000 years by Dalrymple (1972). By assuming

a constant sedimentation rate, Shackleton and Opdyke were

able to apply a time scale to the curve. To convert the changes
in oxygen isotopic composition with time to sea level, Shackle-
ton and Opdyke used ice volume calculations. The initial low
point on any oxygen isotope curve is accepted as the maximum
low stand during the Wisconsinan Glaciation. To this point,
Shackleton and Opdyke assigned a value for the volume of gla-
cial ice at the time of the Wisconsinan Glacial Maximum. Since
the present value for sea level is known, Shackleton and Opdyke
had two known values, which he used to calculate a conversion
factor between the difference in oxygen isotopic composition
(present value minus some other value in time) and the change
in sea level. By computing the conversion factor, Shackleton
and Opdyke were able to calculate past sea levels based on

the oxygen isotope data.

The sea level curve proposed by Shackleton and Opdyke
(Figure 15) is unique, because it meets all four of the
prerequisites of a sea level curve which could be used in
geologic studies of the Coastal Plain. First, because the

data are not based on dated samples from any elevation, the
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concern about the effect and amount of uplift or subsidence

is eliminated. Secondly, the data are independent of geo-
morphic and stratigraphic features, and therefore not subject
to the possibility of disparate interpretations of field data.
Third, if the assumption of uniform deposition is accepted,
the time scale can be extended as far back in time as the

data permits, limited only by the length of the core. 1In

this case, the core covers approximately 900,000 years. Fourth,
and most importantly, because the oxygen isotopic deviation

is a world-wide phenomenon, any sea level curve derived from
the change in oxygen isotope ratio would apply to the whole
world, and not just a localized area. Thus, the curve would
show world-wide changes for an unlimited amount of time, being
a truly eustatic curve. More importanly, the derivation of

a curve independent of features and dates in the Coastal Plain
could prove to be the best tool in the interpretation of the
geomorphology and stratigraphy of the region.

Three methods can be used to calibrate a sea level curve
based on oxygen isotopic deviation. First, since the change
in sea level can be attributed to the removal of a volume
of water from the ocean, and the growth of a continental ice
sheet, the curve can be calibrated by calculating the effect
of the change in volume of the ocean on the oxygen isotopic
composition; this computation was done by Olaussen (1965)
and Dansgaard and Tauber (1969). Their work was the basis
for the calibration of the curve by Shackleton and Opdyke.

Fairbanks and Matthews (1978) have proposed a second method
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of calibrating the change in elevation of the sea with oxygen
isotope changes. By measuring the 0!°/0'® ratio of fossil
corals of known ages and elevation from the uplifted reefs
of Barbados, the & value for the corals can be calculated.
By plotting the oxygen isotopic deviation of each terrace
verses the present elevation with respect to.sea level, they
have been able to calculate a conversion factor between oxy-
gen isotopic composition and the change of sea level. 1 feel
that a third method exists, which up to this point, has not
been used. By applying the known elevation of sea level at
a given time to the corresponding point on the oxygen isotope
curve, a conversion factor between sea level and the oxygen
isotopic composition of the ocean can be approximated. Each
of these methods of calibration will be evaluated to determine
which, if any, will result in a sea level curve which can be
applied to the study of the stratigraphy and geomorphology
of the Coastal Plain.

Shackleton and Opdyke (1973) used ice volumes to calibrate
a sea level curve based on oxygen isotope ratios. The resul-
ting curve (Figure 15) shows a +18 metre (+60 feet) high stand
125,000 years ago. The Wisconsinan low stand of sea level,
which occurred 17,500 yvears ago, was at -120 metres (-394 feet)
(Shackleton and Opdyke, 1973; p. 27). Neither of these values
are reflected in the stratigraphy and geomorphology of the
Coastal Plain and Continental Shelf. There are no submerged
or subaerial scarps at either of these two elevations. The

problem with such a calibration lies in the conjectural nature
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of ice volume calculations. In order to calculate an ice
volume, two values are needed: the thickness of the ice sheet,
and the area which it once covered. The area can be computed
through planimeter measurements. This method assumes that
the continental ice sheets reached a maximum at all places

at the same time. The thickness must be assumed by drawing
an analogy between present and past ice sheets. As an example
of the accuracy of this method, an error of 5 % was calcu-
lated for three estimates on the volume of water in the last
ice sheet. The figures for this arbitrarily chosen error

are shown in Table IV. The volume of water obtained by
figuring this error can be translated into the elevation

of the sea by dividing by the present area of the ocean.

This error, in terms of sea level, although not corrected for
the increase in area of the ocean and isostasy, is substantial
and means that even a slight error in ice volume calculations
translates into a large area of land which would or would

not be inundated, especially in a low relief area such as

the Coaltal Plain. Thus it is evident that calibration of

a sea level curve by use of ice volume calculations is too
inexact a method when the geology of the Coastal Plain is
being considered.

Fairbanks and Matthews (1978) published the first paper
on the direct calibration of isotopic deviation to a change
in sea level. Their work is based on oxygen isotope measure-
ments on the uplifted reefs of Barbados, features which have

been the subject of continuing investigation for over ten
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years (Broecker, Thurber, Goddard, Ku, Matthews and Mesolella,
1968; Bender, Taylor and Matthews, 1973; Bender, Fairbanks,
Taylor, Matthews, Goddard and Broecker, 1979). 1In order to
calculate a conversion factor between isotopic deviation and
sea level, Fairbanks and Matthews measured the oxygen iso-
topic composition of the coral Acropora palmata, a reef builder
with a range of 0 to 5 metres. The resulting oxygen isotope
values and their respective elevations relative to present
sea level were plotted, and a straight line drawn between
points. Since the samples were deposited at different eusta-
tic sea levels, the slope of the lines also represents the
change in isotopic composition for a given change in sea level.
Fairbanks and Matthews believe that this technique '"'permits
unquestionable direct comparison between the marine oxygen
isotope record and known relative elevations of Pleistocene
eustatic sea level" (p. 182). 1In their calculations, Fair-
banks and Matthews assumed the '"rate of tectonic uplift to
be small compared to rates of eustatic fluctuation, and
temperature effects to be minimal for each pair of data points"
(p. 191). The resulting conversion factor is 1.1 °/oo for
a change in sea level of 100 + 10 metres.

In order to evaluate this calibration, the wvalidity
of the assumptions should be examined. The assumption of
a more or less constant temperature 1s probably wvalid.
Sverdrup, Johnson and Fleming (1942) show a temperature varia-
tion of 2° from August to February in that portion of the

Carribean. This is based on short-term data. Whether this
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holds true for longer periods of time (glacial to non-glacial)
is difficult to determine. The assumption that the rate of
uplift is small compared to the rate of change of eustatic
sea level cannot be adequately evaluated. In the light of
Stearns' evaluation, it is clear that the Barbados data
should be considered only with caution. It would be much
better if this calibration could be carried out using the
sea level at the time each terrace formed, rather than the
elevation with respect to present sea level, because the
assumption concerning tectonism could be eliminated. Since
the data is '"mot sufficiently precise to yield close deriva-
tive measurements of 'paleosea levels' " it should not be
used to calibrate a sea level curve for the Coastal Plain
of Virginia.

Two methods of calibrating the change in sea level with
the change in oxygen isotopic deviation have been discussed.
Each of these methods may be adequate for the studies con-
cerned, but neither of them are precise enough to be used
in calibrating a sea level curve for a low relief area such
as the Coastal Plain of Virginia. 1In calibrating their
curve, Shackleton and Opdyke (1973) assigned a value for
sea level from ice volume measurements to the point on
their oxygen isotope curve which corresponds to the Wiscon-
sinan Glacial Maximum. I feel that another method, similar
to that of Shackleton and Opdyke, exists to calibrate a
sea level curve based on oxygen isotope measurements. The

change in oxygen isotopic deviation can be calculated by
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subtracting the oxygen isotope ratio at some depth in the
core (604°) from the present value (80}°):

AS0*® = 804° - 80}4° (5)
Following the assumption of Shackleton and Opdyke that the
sample with the highest 0!®/0'® ratio represents the peak
of the Wisconsinan Glaciation, a value for tﬁe low stand of
sea level can be assigned to this difference, and a conver-
sion factor calculated. The most widely accepted value for
the elevation of sea level at the time of the Wisconsinan
Maximum is -93 metres (Dillon and Oldale, 1978). This value
should provide a much better estimate of ocean volume than
an ice volume calculation. A conversion factor between sea
level and oxygen isotopic composition was calculated by
assigning the value of sea level for the Wisconsinan low
stand to the corresponding difference in oxygen isotopic
composition. The resulting conversion factor (0.12 6o per
10 m.) has been used to convert the oxygen isotopic composi-
tion of core V28-238 into a record of sea level changes.
The age of each sample was calculated in a manner similar to
that of Shackleton and Opdyke. The first complete geomagnetic
reversal in core V28-238 was found at a depth of 1200 cm.
(Shackleton and Opdyke, 1973). This was assumed to be the
Bruhnes/Matayuma reversal, which has been dated at 690,000
years B.P. (Opdyke, 1972; Cox, 1969). This age, rather than
the 700,000 year B.P. value of Shackleton and Opdyke, was
assigned to the depth of 1200 cm., and the sedimentation

rate computed. The ages of samples at other depths in the
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core were calculated from the sedimentation rate. This method
of dating carries with it the assumption of a constant sedi-
mentation rate. The resulting data was used to plot a sea

level curve for the Coastal Plain (Figures 16 and 17).
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DISCUSSION

The change in oxygen isotopic composition observed in

monospecific samples of the foram Globigerinoides sacculifera

from deep sea cores are believed to be caused primarily by
sea level changes (van Donk, 1976). The changes in oxygen
isotopic deviation observed in Pacific Core V28-238 were used
to calculate a sea level curve. This curve is essentially
a model of the geologic history of the Coastal Plain. The
history derived from the curve can now be compared with the
two stratigraphic interpretations of the Virginia Coastal
Plain (Luebke and Johnson, 1967; Oaks and Coch, 1973). The
interpretation which best fits the model derived from the
curve gives the better description of the area's geologic
history.

According to Oaks (1965) there are two Pleistocene
transgressive sequences represented in the Outer Coastal
Plain. The first transgression attained an elevation of
approximately 45 to 50 feet, while the second only reached
an elevation of +26 feet. Luebke and Jonnson (1967) believe
that only one transgressive-regressive sequence exists in the
Outer Coastal Plain. This transgression attained a maximum
elevation of 45 to 50 feet, depositing the various facies
of the Lorfolk Formation at its highest point. Recent

Uranium series dates on material from this unit give an age
64
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of 120,000 to 130,000 years B.P. The sea level curve derived
from oxygen isotope measurements shows a high stand of + 53
feet during this time period. After this high stand, sea
level fell below its present elevation. From this time, it
remained below present sea level, until the Holocene rise in
sea level, caused by the melting of the continental ice sheets.
The geologic history derived from the durve best fits the in-
terpretation of Luebke and Johnson. Thus, their interpreta-
tion can be accepted as the best description of the geologic
history of the Coastal Plain. This conclusion is based on
two studies: the stratigraphy of the Inner Shelf, and the
sea level changes of the Pleistocene.

Because the late Pleistocene curve closely approximates
the value of the last high stand, both in age and elevation,
it can be used as a model of the geologic history of the
Coastal Plain. The curve derived for the total length of the
core indicates that there were two previous high stands.
Neither of them, however, attained the elevation of the last.
The maximum Wisconsinan low stand, which was used as a point
to calibrate the change in oxygen isotopic composition to
sea level, occurred 17,250 years ago, according to the amended
time scale. The difference between this value and that of
Dillon and Oldale is negligible, lending support to the as-
sumption of a uniform sedimentation rate. A rough estimate
of the accuracy of the sea level curve can be made from the
precision of the oxygen isotope measurements (+ 0.07 ©/00).

When this is converted into a value for sea level, the accu-
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racy of the curve is obtained (+ 18.5 feet). This value

has been calculated on the basis of the chemical measurements,
and should be used with that in mind. A better test would

be to compare the curve with Pleistocene features of similar
age in other areas of the world.

One topic needs to be discussed before a sea level curve

based on oxygen isotope measurements is accepted for use in
the Coastal Plain. At present, two schools of thought exist
on the subject of the mid-Wisconsinan transgression. One
group believes that there is evidence for a high stand of
sea level near its present elevation approxiamtely 30,000
to 40,000 years B.P. (Milliman and Emery, 1968; Hoyt and
Hails, 1973; Owens and Denny, 1978; 1979), while the other
group believes that sea level never transgressed to its
present elevation during the mid-Wisconsinan (Bloom, Broecker,
Chappell, Matthews and Mesolella, 1974; Chappell, 1974).
The evidence for the high stand at present sea level consists
of dates on sea level indicators throughout the Coastal Plain.
These dates need to be closely evaluated to judge their value
in the study of sea level changes.

The mid-Wisconsinan age dates in the Coastal Plain have
been widely used in the interpretation of the stratigraphy
of the region (Table V). The Silver Bluff Formation in Georgia
and the Carolinas (Hoyt and Hails, 1973) and the Sinepuxent
and Kent Island Formations in Maryland (Owens and Denny, 1978;
1979) have been identified as mid-Wisconsinan transgressive

units. In addition, !Milliman and Emery used a date from the
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Outer Coastal Plain of North Carolina in their sea level curve.
The existing dates on samples in the Coastal Plain fall into
three categories, based on the type of material dated, and
the age of the sample. In several areas, radiocarbon dates
on peats have yielded infinite ages (Oaks and Coch, 1973;
Kraft, 1976; Meyer Rubin, Bob Mixon, personal communication).
The other two categories have finite ages (<40,000 years B.P.),
but some have been made on shell (Hoyt and Hails, 1973), while
others were on peat (Thom, 1967; Milliman and Emery, 1968;
Owens and Denny, 1978; 1979). Both groups of finite dates
will be evaluated in the light of recent work to determine
their value as indicators of a mid-Wisconsinan transgression.
The Silver Bluff Formation was originally dated as a mid-
Wisconsinan transgressive unit on the basis of shell dates
in the vicinity of Sapelo Island, Georgia (Hoyt and Hails,
1973). All of these dates would presently be considered
with caution. Thurber (1972, p. 9) states "Contamination of
carbonates by exchange can be nearly eliminated and should
a selection of materials clearly unaffected by recrystalliza-
tion be possible, reliable estimates of ages at least 35,000
or 40,000 years should be possible. Without suitable treat-
ment, all ages over about 25,000 years must be regarded as
minimum ages.'" Colquhoun (1973, p. 189) stated that he
'"believes a late Sangamon age to be more likely' for the
Silver Bluff Formation. He further states that "The major
emergence that followed Silver Bluff time proceeded below

-25 meters (-80 feet), and probably represents the entire
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Wisconsin.'" He does not, however, give any reasons to sup-
port this statement.

Several dates on peats in North and South Carolina have
been used to support a mid-Wisconsinan transgression (Thom,
1967; Milliman and Emery, 1968). One of these peats (I-1745)
was identified by Milliman and Emery as a '"'salt marsh peat."
Pollen analyses by Whitehead and Doyle (1969), however, iden-
tified the peat as fresh water, thus eliminating it as a con-
clusive sea level indicator. Both of the peats from the
Carolinas (Bull Creek, S.C. and Long Beach, N.C.) are probably
contaminated by modern root material (Whitehead and Doyle;
Whitehead and Campbell, 1976), which makes the dates even
more unreliable. If it were assumed that only 1 7 contamina-
tion existed, its removal would place the age of that peat
beyond the maximum age range of the radiocarbon method (40,000
to 50,000 years B.P.) (Table VI). Thus, the evidence south
of Virginia does not warrant support for the mid-Wisconsinan
high stand.

In Virginia, no material of mid-Wisconsinan age has been
found (0Oaks and Coch, 1973), so there 1s little evidence to
support the high stand in the area. In Maryland and Delaware,
however, several dates of mid-Wisconsinan age have been found
(Kraft, 1976; Owens and Denny, 1978; 1979). These dates, none
of which is on a salt marsh peat, have been cited as proof of
a mid-Wisconsinan age for the Sinepuxent and Kent Island For-
mations in Maryland. Mixon (personal communication) has dates

on a peat from the Southern Delmarva Peninsula west of Oak
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Hall, Virginia which are "probably from the Lower Kent Island
Formation." The date on this peat is >40,000 years B.P.
Owens and Denny (1979, p. 26) state that '"Spatially, the
Kent Island seems to be correlated with the Sinepuxent.'" Since
this unit is considered to be a mid-Wisconsinan transgressive
unit, there appears to be some disparity in tﬁe radiocarbon
ages of the peats of the region. This could be caused by con-
tamination of the peats by younger carbon. The same situation
probably exists in Delaware, where several infinite dates and
a few finite dates exist on sediments which appear to be close-
ly related.

Several dates of a mid-Wisconsinan age have been made
on peat and shell along the East Coast of North America. Be-
cause of the possibility of contamination, the dates on car-
bonate should be regarded as "minimum ages' only. Of the mid-
Wisconsinan age peats, several have been reported as possibly
contaminated (Whitehead and Doyle, 1969; Whitehead and Camp-
bell, 1976). It is clear that all of these radiocarbon dates
fall into a rather nebulous age range when the radiocarbon
method is being considered. Any modern contamination of
older material would result in a mid-Wisconsinan age. There-
fore, the mid-Wisconsinan high stand appears to be an artifact
of the radiocarbon method resulting from the contamination

of older material by younger carbon.



CONCLUSIONS

The stratigraphy of southeastern Virginia and the geologic
history interpreted from it have been studied using two
different methods. From both of these studies, it can be
concluded that the Outer Coastal Plain sediments are the
result of one transgression and regression, during which all
of the five sedimentary units of Oaks (1965) were deposited.
This study has not been limited solely to the Coastal Plain
and Inner Shelf sediments. In conjunction with work on the
Inner Shelf stratigraphy, a sea level curve which is inde-
pendent of local evidence has been developed. This curve
is based on the oxygen isotopic deviation observed in the
tests of Foraminifera from deep-sea cores. The sea level
curve derived from the deep-sea evidence is the first curve
independent of the local evidence that can be used to inter-
pret the geomorphology and stratigraphy of the Coastal Plain.
As such, it provides an excellent model for the interpretation
of the local sequences.

In order to evaluate the curve, the late Pleistocene
stratigraphic sequences in other areas of the Coastal Plain
have been examined. Several workers (Hoyt and Hails, 1973;
Owens and Denny, 1978; 1979) have used radiocarbon dates
to identify a mid-Wisconsinan transgressive unit in the Outer
Coastal Plain of Georgia and Maryland, respectively. The

77
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idea of a mid-Wisconsinan high stand near the present eleva-
tion of sea level was first proposed on the basis of dates
on samples collected from the Continental Shelf and Outer
Coastal Plain of the East Coast of North America. All but
one of the mid-Wisconsinan dates used by Milliman and Emery
in their curve were on carbonate. Recent work by Thurber
(1972) and Bowen (1978) has pointed out the fact that radio-
carbon dates on carbonate should be applied with caution,
because of the likelyhood of contamination. The non-carbonate
date of Milliman and Emery was on a peat deposit from near
Long Beach, N.C. This peat was erroneously cited as a salt
marsh peat. Whitehead and Doyle (1969) published pollen
analyses which indicate that this peat was devosited under
fresh water conditions. They also report that there is a
possibility of contamination by modern root material and
humates, which would cause the peat to give an anomalously
young age. This is probably also the case in Maryland
and Delaware, where several finite dates have been made on
samples from units which contain material yeilding infinite
ages. On the basis of the information available, there
appears to be little evidence for a mid-Wisconsinan high
stand near present sea level. Therefore, the curve derived
from the changes in oxygen isotopic deviation observed in
deep-sea cores can be freely apnplied to the geology of the
Coastal Plain.

The change in oxygen isotopic deviation in deep-sea cores

at first appears to have little relationship to the geology
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of the Coastal Plain. However, since it is, for the most
part, the effect of sea level changes during the Pleistocene,
the change in oxygen isotopic deviation of the ocean can

be used to interpret the geology of the Coastal Plain. With
the calibration proposed herein, a sea level curve is derived
that can be used to interpret the stratigraphy and geomorphology
of the Coastal Plain, assuming that there has been no tec-
tonism. The curve derived from the oxygen isotope changes
observed in deep-sea cores is the first instance where the
deep-ocean record has been applied to the geology of the
continents. The fact that the curve does aid in the inter-
pretation of the geology of the region means that the key

to the Pleistocene may be found in the sedimentary record of

the deep-ocean floors.
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