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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program was started in
1978 following a congressional mandate to develop quantitative appraisals of
the major ground-water systems of the United States. The RASA Program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems, which in aggregate underlie much of the country
and which represent an important component of the Nation’s total water
supply. In general, the boundaries of these studies are identified by the
hydrologic extent of each system and accordingly transcend the political
subdivisions to which investigations have often arbitrarily been limited in the
past. The broad objective for each study is to assemble geologic, hydrologic,
and geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about in
it by human activities, and to provide a means of predicting the regional
effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a series
of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number,
and where the volume of interpretive material warrants, separate topical
chapters that consider the principal elements of the investigation may be
published. The series of RASA interpretive reports begins with Professional
Paper 1400 and thereafter will continue in numerical sequence as the interpre-
tive products of subsequent studies become available.

Dallas L. Peck
Director
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CONVERSION FACTORS AND ABBREVIATIONS

For those readers who prefer to use metrie (International System) units, the conversion factors for the inch-pound units are listed below:

Multiply inch-pound unit By To obtain metric unit

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi® 259.0 hectare (ha)

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
square foot per day (ft%/day) 0.09290 square meter per day (m*day)
foot per day per foot (ft/day)/ft 1 meter per day per meter (m/d)/m’

In this report, sea level refers to the National Geodetic Vertical Datum (NGVD) of 1929, a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada, formerly called “Sea Level Datum of 1929.” Altitude is defined as distance above
or below the NGVD of 1929.
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HYDROGEOLOGIC FRAMEWORK OF THE NORTHERN ATLANTIC
COASTAL PLAIN IN PARTS OF NORTH CAROLINA, VIRGINIA,
MARYLAND, DELAWARE, NEW JERSEY, AND NEW YORK

By HENRY TrAPP, JR.

ABSTRACT

The area of the Regional Aquifer-System Analysis (RASA) of the
northern Atlantic Coastal Plain extends along the Atlantic Coastal
province from Long Island, N.Y., through North Carolina. Its western
limit is the landward edge of water-bearing strata of Cretaceous
through Pleistocene age, which approximates the Fall Line. Its
extreme eastern limit is the Continental Slope, but the primary focus is
the emergent Coastal Plain and its adjoining bays, lagoons, sounds, and
estuaries. Thus limited, the area of study covers about 50,000 square
miles.

The northern Atlantic Coastal Plain contains a multilayered aquifer
system, capable of large yields and composed of sedimentary deposits.
The Coastal Plain sediments were deposited on a basement surface that
slopes gently toward the Atlantic Ocean. The basement rock is similar
to the exposed rock of the Piedmont Plateau province, of which it is
continuous. Igneous and metamorphic Precambrian and Paleozoic
rocks, and rift-basin Triassic and Jurassic sedimentary and volcanic
rocks have been mapped below the Coastal Plain sediments.

The thickness of the sediments on the emergent Coastal Plain ranges
from 0 feet near the Fall Line to about 10,000 feet at Cape Hatteras,
N.C., and 8,000 feet along the Atlantic coast of Maryland. Offshore
from New Jersey and the Delmarva Peninsula, the thickness of
sediments in the Baltimore Canyon Trough, estimated from magnetic
and seismic surveys, exceeds 7.5 miles.

The Coastal Plain sediments range in age from Jurassic to Holocene.
Upper Jurassic sediments have been identified in a few wells near the
coast, but mostly, the Jurassic sediments are offshore and not fresh-
water aquifers. In general, the lowermost Cretaceous Coastal Plain
deposits are fluvial or fluviodeltaic in origin and contain discontinuous
lenses of sand, silt, clay, and gravel, with minor amounts of lignite.
Most younger deposits progressively overlap older ones in a landward
direction. In the Cretaceous section, there is a general upward transi-
tion from fluvial and fluviodeltaic to marginal-marine to marine depos-
its. The marine parts of the section consist primarily of glauconitic
sand, silt, clay, and limestone beds, which are traceable over longer
distances than the more lenticular nonmarine beds. The Tertiary
sediments are predominantly marine except for the upper Miocene and
Pliocene beds, which are in part nonmarine. The Pleistocene section
includes glacial drift on Long Island and marine, dune, and terrace

Manuseript approved for publication December 10, 1987.

deposits elsewhere. The Holocene section includes alluvial, marine,
estuarine, beach, and dune deposits.

For this study, the Coastal Plain sediments have been subdivided
into 11 regional aquifers separated by 9 confining units. The basis for
definition of the aquifers is continuity of permeability. In sedimentary
rocks, the principal direction of permeability tends to follow beds of
sand, gravel, or limestone, which in turn run approximately parallel to
the upper and lower boundaries of formations. Adjacent permeable
beds, or those separated by only thin beds of low permeability such as
clay or silt, may be considered parts of the same aquifer. A regional
aquifer may coincide with a recognized local or subregional aquifer in
one area and comprise several such aquifers in another, or it may
constifute only part of a local aquifer.

INTRODUCTION

The northern Atlantic Coastal Plain contains a multi-
layered aquifer system composed of sedimentary depos-
its. Although the system is capable of providing large
ground-water supplies, the increasing demand for water
has led to declining ground-water levels over large areas.
Declining water levels may be inducing saltwater intru-
sion from the ocean, bays, and estuaries and from saline
ground water in the deeper parts of the aquifers. A
quantitative evaluation of this complex aquifer system is
needed to develop and manage the ground-water
resource safely and effectively.

The U.S. Geological Survey conducted the Regional
Aquifer System Analysis (RASA) study of the northern
Atlantic Coastal Plain to acquire a comprehensive under-
standing of the aquifer system and its response to
pumping stress (Meisler, 1980, p. 9-10).

PURPOSE AND SCOPE

The purpose of this report is to define the aquifer
system of the northern Atlantic Coastal Plain as it is
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related to areal geology. The resulting hydrogeologic
framework serves as a basis for the geochemical study
and digital simulation of the aquifer system.

The hydrogeologic framework is defined in terms of 11
regional aquifers separated by 9 confining units on the
basis of continuity of permeability. The distribution of
permeability was determined by the geologic history of
the Coastal Plain, which is reviewed in this report.

Companion chapters of Professional Paper 1404, with
their letter designations, describe (1) the hydrogeologic
framework of the Coastal Plain in more detail for North
Carolina (I), Virginia (C), Maryland and Delaware (E),
and New Jersey (B); (2) the distribution of saltwater in
the Coastal Plain sediments (D); (3) the geochemistry of
the Coastal Plain aquifer system (L); (4) the regional
ground-water flow and hydraulic properties of aquifers
and confining units, as studied through digital simulation
(K); and (5) the results of more detailed simulations in
North Carolina (M), Virginia (F), Maryland-Delaware
(J), and New Jersey (H). Professional Paper 1404 also
contains a summary chapter (A).

GEOGRAPHIC SETTING

The area of the study extends along the Atlantic
Coastal province (Murray, 1961, p. 1-5) from Long
Island, N.Y., through North Carolina (fig. 1). Its west-
ern limit is the landward edge of water-bearing strata of
Cretaceous through Pleistocene age, which approxi-
mates the Fall Line. Its extreme eastern limit is the
Continental Slope, but the primary focus is the emergent
Coastal Plain plus the adjoining bays, lagoons, sounds,
and estuaries. Thus limited, the area of study covers
about 50,000 mi?,

ORGANIZATION AND APPROACH

The Northern Atlantic Coastal Plain RASA was con-
ducted by the regional project staff in coordination with
five subregional project staffs, which studied the Coastal
Plain aquifer systems in Long Island, New Jersey,
Delaware and Maryland, Virginia, and North Carolina.
The regional project staff, located in Trenton, N.J.,
designed the overall study and coordinated the regional
and subregional projects. With respect to development
of the hydrogeologic framework, subregional staffs col-
lected and interpreted geologic and hydrologic data,
prepared maps and sections delineating 11 regional aqui-
fers and 9 intervening confining units, and wrote reports
describing the hydrogeologic framework for each of the
subregions. Their data and interpretations form the basis
for the hydrogeologic framework described in this
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report. The principal investigators responsible for the
subregional frameworks, with references to their publi-
cations, are

M.S. Garber (1987)—New York (Long Island)

0.S. Zapecza (1989)—New Jersey

D.A. Vroblesky and W.B. Fleck (in press)— Maryland-

Delaware
A.A. Meng, III, and J.F. Harsh (1988)— Virginia
M.D. Winner, Jr., and R.W. Coble (in press)— North
Carolina ,

Additional control for delineation of aquifers on Long
Island, other than the Lloyd, was derived from publica-
tions that included those of Suter and others (1949),
McClymonds and Franke (1972), and Getzen (1977) and
others covering local areas (Bachman and Pitt, 1984).
Additional control for the regional configuration of the
basement surface came from Brown and others (1972)
and their supplementary computerized well data, Glea-
son (1979a, b, 1980, 1982a, b), Svetlichny and Lambiase
(1979), Svetlichny (1980), Trapp and others (1984), and
interpretations from seismic mapping in the New Jersey
Coastal Plain (Gill and Farlekas, 1976, sheet 1) and the
adjoining part of Delaware (Cushing and others, 1973,
fig. 2).

WELL-NUMBERING SYSTEM

Most of the wells used as data control points for this
report were selected from those used as controls for the
subregional studies. They are numbered sequentially
from north to south within each State and, where two or
more are at the same latitude (to the nearest second),
from east to west (pl. 1A). The numbering sequence
extends from State to State in a southerly direction,
beginning with New York (Long Island). Locations,
descriptions, and hydrogeologic data for the wells are
listed in the appendix. The table, which makes up the
appendix, includes the U.S. Geological Survey’s Ground-
Water Site Inventory (GWSI) numbers for those wells
that were assigned them during tabulation. The GWSI is
a computerized data base; its numbers are used to
compile and access data relating to wells and are based
on the locations of the wells as they were known during
compilation. The first six digits (for example, 410745 for
well 1 in the appendix) represent the latitude, and the
next seven digits the longitude (for example, 0721600 for
well 1). Each is given in degrees, minutes, and seconds in
the fourth column. The two digits after the decimal point
represent a sequence number for wells and other sites
that share the same preceding 13 digits. Once site
identification numbers are entered into the GWSI sys-
tem, they are not changed even though the latitude or
longitude values may be corrected.









HYDROGEOLOGY

are incised into crystalline rocks (Fenneman, 1938,
p- 126-129).

Most of the area of this study, from Cape Lookout,
N.C., northward, is in the embayed section of the
Coastal Plain, “so indented by branching bays or estuar-
ies that it is little more than a fringe of peninsulas,
narrowing to zero at New York and represented beyond
that by islands *** the edge of the continent has here
been depressed *** the amount of depression increases
toward the north. The rivers of this section as far south
as the James and Appomattox are drowned to the Fall
Line” (Fenneman, 1938, p. 13). Barrier islands fringe the
coast. From New Jersey to the Rappahannock River, a
feature of the embayed section is a band of highly
dissected Cretaceous outcrop along the Fall Line. On
Long Island, the Cretaceous is mantled by glacial depos-
its, including two terminal moraines (Veatch and others,
1906; Fuller, 1914; Fleming, 1935). It is mostly buried by
Tertiary sediments south of the Rappahannock.

The area of investigation south of Cape Lookout is part
of the Sea Island section of the Coastal Plain discussed by
Fenneman (1938, p. 38-40, 45-46). According to Fenne-
man’s interpretation, the offshore islands in this section
are remnants of the mainland, cut off by enlarged tidal
channels. More recent studies have attributed the origin
of barrier islands along the coast from New England to
Texas to the reworking of deltaic and beach sands by the
rising ocean after the Pleistocene Epoch (Dolan and Lins,
1986, p. 11-14). Nevertheless, Fenneman noticed that
drowning of the rivers is less pronounced in the Sea
Island section than in the embayed section, and as was
previously stated, the Fall Line is less distinct.

In both the embayed and Sea Island sections of the
Coastal Plain, as many as eight terrace levels have been
identified (Fenneman, 1938, fig. 10). The scarps of the
terraces are roughly parallel to the present shoreline and
major embayments and rivers. Their typical altitudes
range from 12 to 270 ft above sea level, but surfaces as
high as 500 ft have been correlated with the uppermost
(Brandywine) terrace. Their number, correlation, and
origin are controversial and will be discussed in the next
section, Previous Work.

Land-surface altitudes in the area of study range from
0 ft to as much as 715 ft in the Sand Hills of the
southwestern North Carolina Coastal Plain. The Sand
Hills also have the greatest local relief, as much as 350 ft
(Fenneman, 1938, p. 39), within the area of this study.

PREVIOUS WORK

EARLY GEOLOGICAL OBSERVATIONS

J.D. Schopf (1787), a German physician who accompa-
nied Hessian troops during the Revolutionary War, was
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one of the first scientists to publish geologic observations
of the Atlantic Coastal Plain. He noted the rough paral-
lelism of the Appalachian ranges with the coastline,
described the Fall Line, and recognized the Coastal Plain
basement as an extension of the harder rocks inland. He
inferred that the Coastal Plain sediments, because of
their unconsolidated nature, were the youngest forma-
tions in the area, and that they were formed in the same
way as the offshore banks of New England. The Gulf
Stream helped shape the Coastal Plain and probably
impinged on it in the past. He believed that all the rocks,
including those at the tops of the mountains, had been
covered by the ocean, but a problem remained: where did
the water go? He concluded that the water drained from
the continent because of deepening of the ocean basin,
accompanied by subsidence of the coastal and Piedmont
areas. Schopf also studied fossiliferous strata (especially
around Yorktown, Va.), which had been described pre-
viously by Lincoln (1783).

Maclure (1809, 1817) prepared the first geologic maps
of the United States up to the frontier of that period that
were based on first-hand observation. He followed the
Wernerian classification of rocks and mapped the Coastal
Plain formations as “The Alluvial.”

John Finch, of the University of Birmingham (Eng-
land), disagreed with the interpretation of the Coastal
Plain as a single alluvial formation. He wrote: “in Amer-
ica, an immense tract of country, extending from Long
Island to the sea of Mexico, and from thirty to two
hundred miles in width, is called an alluvial formation, by
most of the geologists who have written upon the sub-
ject, and by some it appears to be considered as an
exception to the general arrangement and position of
strata, which are found to occur in other countries.***I
wish to suggest that what is termed the alluvial forma-
tion in the geologic maps of Messrs. Maclure and Cleave-
land is identical and contemporaneous with the newer
secondary and tertiary formations of France, England,
Spain, Germany, Italy, Hungary, Poland, Iceland,
Egypt, and Hindoostan.***There are no rivers on the
coast which could have deposited such an accumulation of
sand and marle, and the hills of limestone” (Finch, 1824,
p. 32-33).

The earliest State geologic surveys of the Coastal
Plain, including those of New Jersey (Rogers, 1836,
1840), Delaware (Booth, 1841), Maryland (Ducatel, 1835,
1836, 1837a, 1838b), Virginia (Rogers, 1841, 1884), and
North Carolina (Olmsted, 1824, 1827; Mitchell, 1827,
1828), were reconnaissance in nature, with an emphasis
on locating natural resources such as clay and lime and on
relating geology to soil fertility. As an example, Booth
was retained for a geological survey of Delaware to be
conducted in 1837 and 1838, with the proviso that “an
equal portion of the appropriation be expended in each
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county,” which he interpreted to mean spending equal
time working in each of Delaware’s three counties
(Booth, 1841, p. iii, preface). However, he became “con-
vinced that few important geological inquiries would
demand my attention in the lower counties, particularly
in Sussex,” because of a lack of exposures, and therefore
he “determined on traversing different parts of those
counties, with the view of imparting such knowledge
relative to their agriculture as lay within the sphere of
my information,” and “for the same reason also, many
sections of this memoir are devoted exclusively to agri-
cultural essays” (Booth, 1841, p. iii, preface).

Lyell (1845a, b) visited fossil-collection localities on the
Coastal Plain from Maryland to Georgia and related the
Tertiary strata to the Tertiary section of Europe. He
concluded that this area of the North American Coastal
Plain, although at a lower latitude than that of Europe,
had a similar climate during the Miocene Epoch, on the
evidence of fossil mollusks. He also noted that the
European mollusk species that survived from the Mio-
cene Epoch are not living along the American coast and
vice versa.

Early State geologic maps covering parts of the
Coastal Plain include those of New Jersey for 1868
(Cook, 1868); North Carolina for 1875 (Kerr, 1875);
Delaware for 1884 (Chester, 1884); Virginia for 1876 (as
reported by Rogers (1884, p. iv, plate)); and Maryland
for 1897 (Clark, 1897).

Early drilling of artesian wells in the Middle Atlantic
States, partly in the Coastal Plain, was reported by
Silliman (1827).

DEVELOPMENT OF STRATIGRAPHIC NOMENCLATURE

In the northern Atlantic Coastal Plain, the application
of stratigraphic names based on type localities began
with Conrad (1865, p. 73) with the naming and descrip-
tion of the Shark River Marl (Eocene) in New Jersey.
Outside the area of study, Ruffin (1843, p. 24-27) earlier
had named the Upper Cretaceous Peedee Formation
(which he called the “Peedee bed”) for its exposures
along the Pee Dee River (in South Carolina); it was later
traced into North Carolina (Stephenson, 1912a,
p. 145-170).

Summaries of the stratigraphy of the Coastal Plain by
State, with formation and age designations approaching
present usage, were published as early as 1906 for Long
Island, N.Y. (Veatch and others, 1906); 1905 and 1907 for
New Jersey (Weller, 1905, 1907); 1884 for Delaware
(Chester, 1884); 1901-1916 for Maryland (Clark and
others, 1901, 1904, 1911, 1916; Shattuck and others,

REGIONAL AQUIFER-SYSTEM ANALYSIS—NORTHERN ATLANTIC COASTAL PLAIN

1906); and 1912 for Virginia (Clark and Miller, 1912) and
for North Carolina (Clark and others, 1912).

Some of the surficial sediments of the Coastal Plain
were named as formations in conjunction with terraces
found at similar altitudes, although the sediments gen-
erally were not distinguished from each other on the
basis of fossils or lithology. Darton (1891) mapped ter-
race gravels in eastern Virginia and Maryland, which he
referred to the Columbia and Appomattox Formations of
McGee (1888, art. 31, p. 367-388; art. 27, p. 328-330,
respectively). Shattuck (1901) recognized four terraces
in the Maryland Coastal Plain and interpreted them to be
marine, with each underlain by associated deposits of
Pleistocene or late Tertiary age and with the older
terrace formations at successively higher altitudes.
According to his interpretation, the terraces represented
stands of the sea that stood higher in relation to the land
during Tertiary time than they did during later geologic
time. Others, notably Cooke (1925, 1930, 1931, 1932,
1935, 1936, 1958), accepted and expanded on the
“terrace-formation” concept and traced as many as eight
terraces around the Coastal Plain as far as northwestern
Florida. Antevs (1929) attempted to correlate these
terraces with those around the Mediterranean.

The principal terrace formations from the highest
altitude (presumed oldest) downward are Brandywine
(Clark, 1915), Coharie (Stephenson, 1912b), Sunderland
and Wicomico (Shattuck, 1901), Penholoway (Cooke,
1925), Talbot (Shattuck, 1901), Pamlico (Stephenson, as
reported by Clark (1910)), and Princess Anne (Went-
worth, 1930). Cederstrom (1957) placed these formations
in the Columbia Group (Pleistocene), the name being
derived from the Columbia Formation of McGee (1886),
which was originally applied to surficial sand and gravel
around the District of Columbia.

Although the terrace-formation concept of Shattuck
(1901) and Cooke (1925, 1930, 1931, 1932, 1935, 1936,
1958) was widely accepted, Wentworth (1930) and Flint
(1940) interpreted the higher terraces to be of fluvial
rather than marine origin. Campbell (1931), Hack (1955),
and Schlee (1957) showed that the Brandywine and
Sunderland Formations were not marine. Oaks and Coch
(1963, 1973), Oaks (1964), Coch (1965), Oaks and others
(1974), and Oaks and DuBar (1974) demonstrated the
complexity of coastal physiographic features in south-
eastern Virginia and of the associated post-Miocene
depositional patterns. Oaks and others (1974, p. 86)
recommended abandonment of terrace-formation names,
at least outside the areas where they were first applied.
As of 1987, however, the names Columbia Group and
Brandywine, Coharie, Sunderland, Wicomico, Penholo-
way, Talbot, Pamlico, and Princess Anne Formations
were still accepted for use by the U.S. Geological
Survey.
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DEVELOPMENT OF CONCEPTS OF REGIONAL STRUCTURE
AND GEOLOGIC HISTORY

Geophysical investigations, beginning in the late
1930’s, provided an increasing volume of data on the
layering and nature of the sediments of the Coastal
Plain-Continental Shelf wedge, the regional structure,
and the depth and inferred lithology of bedrock (Ewing
and others, 1937, 1939, 1940, 1950; Miller, 1937; Ewing,
1940). The early geophysical work, largely refraction-
seismic and gravity surveys, indicated that the sedimen-
tary layers of the emergent Coastal Plain were a contin-
uation of similar layers underlying the Continental Shelf.
Major offshore trends of geophysical anomalies, inter-
preted as belts of rock of contrasting densities and
seismic velocities, were shown to run roughly parallel to
Appalachian structural trends (Murray, 1961, p. 21-29).

Brown and others (1972) divided the northern Atlantic
Coastal Plain sedimentary section into 17 chronostrati-
graphic units and mapped thicknesses, lithofacies, and
relative intrinsic permeabilities. They also proposed
recurrently reversing vertical movement along wrench
faults during deposition as a hypothesis to account for
variations in thickness and facies of the chronostrati-
graphic units. Movement along the wrench faults was
interpreted as the near-surface expression of the dis-
placement of basement blocks.

Drake and others (1959) interpreted refraction-
seismie, magnetic, and gravity surveys on the Continen-
tal Shelf and Slope in terms of Kay’s (1951) concepts of
sedimentary-basin development. The general trend of
seaward thickening was interrupted by a buried base-
ment ridge near the Continental Slope. An inner trough
underlying the shelf was interpreted as a miogeosyncline
(geosyncline located near the craton) separated by the
buried voleanic(?) ridge from an outer, deeper trough, a
eugeosyncline (geosyncline located away from the craton
and in which volcanism is associated with sedimentation)
underlying the slope and rise.

Murray (1961, p. 79-166) described the Atlantic and
Gulf Coastal province as a geosyncline, separated into
two segments by the Ocala arch of Florida and central
Georgia. He summarized the results of geophysical
exploration up through 1960 on the Coastal Plain and in
the western Atlantic Ocean (Murray, p. 21-47).

The development of plate-tectonic theory (Wilson,
1968) provided new insights into the deposition of sedi-
ments along continental margins, which were applicable
to the Atlantic and Gulf coastal province. Rifting, the
first stage of continental breakup, began between North
America, Eurasia, and Africa in the Triassic, with
wrench and transform faults associated with a thinned
continental crust. In North America, the major faults
generally ran parallel to old Appalachian lineaments.
Sediments accumulated in the rift basins along the faults
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during Triassic and Early Jurassic time under conditions
of great crustal instability, with tilting, folding, igneous
intrusion, and widespread volcanism, in addition to fault-
ing. After the opening of the early Atlantic Ocean and
the beginning of sea-floor spreading, the environment of
deposition was characterized by gentle subsidence of the
continental margin and marine incursions (Manspeizer
and others, 1978; Manspeizer, 1981). The post-rifting
Coastal Plain and Continental Shelf sediments were
deposited during this second phase, which persists to the
present.

PREVIOUS GEOLOGIC AND GROUND-WATER STUDIES

Largely from the impetus to search for oil, offshore
drilling and improved geophysical exploration methods
added greatly to the knowledge of the geometry and
lithology of the sediments underlying the Continental
Shelf and therefore the history of their extensions to the
emergent Coastal Plain. Only a few examples from the
extensive literature will be mentioned here. Perry and
others (1975) correlated the geologic section along the
coast from Cape Hatteras, N.C., to Long Island, N.Y.,
as key to interpreting the Continental Shelf, for which
they had new data from bottom samples. Schlee and
others (1976) refined the interpretation of the structural-
stratigraphic framework of the shelf from Cape Hatteras
to New England on the basis of multichannel reflection-
seismic data. Scholle (1977, 1980) discussed the Conti-
nental Offshore Stratigraphic Test (COST) wells B-1 and
B-2, the first two deep test wells drilled offshore from
the area of this study, and the information gained from
them on the geologic history, stratigraphy, and structure
of the Coastal Plain province and continental margin,
with emphasis on the Baltimore Canyon Trough. Libby-
French (1981, 1984) interpreted Jurassic and Cretaceous
environments of deposition from the New Jersey coast
offshore on the basis of the COST wells and commercial
oil tests in the Baltimore Canyon Trough and correlated
the section with that of the Scotian Shelf farther north.

Darton (1896) and Fuller (1905a) published the first
comprehensive reports on the ground-water resources of
the ares, of this study. Sanford (1911) presented informa-
tion on saline waters. LeGrand (1964) described the
hydrogeologic framework of the Atlantic Coastal Plain,
including the Gulf Plain. He noted that the interlayering
of relatively permeable material with less permeable
material has characteristically resulted in several dis-
tinet aquifers in most of the Coastal Plain and that most
ground-water recharge is short-circuited to effluent
stream valleys through near-surface aquifers, except in
the semiarid part of Texas. Back (1966) related hydro-
chemical facies to ground-water flow patterns in the area
of this study. Cederstrom and others (1971, 1979) and
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Sinnott and Cushing (1978) summarized information on
the ground-water resources of the Coastal Plain and
adjacent areas. Brown and Reid (1976) and Lloyd and
others (1985) studied the saltwater-saturated part of the
Coastal Plain aquifer system with respect to its potential
for storage of wastes.

With respect to general geologic and stratigraphic
studies that cover areas of the Coastal Plain that extend
beyond one State, Darton (1891) described the Coastal
Plain formations of Maryland, Delaware, and Virginia.
Clark (1910) correlated formations between Long Island
and North Carolina. Carter (1937) described fresh con-
tinuous exposures of Upper Cretaceous sediments as
they were exposed along the newly dredged Chesapeake
and Delaware Canal in Maryland and Delaware. Owens
“and others (1970) correlated outcropping Upper Creta-
ceous formations between New Jersey and the northern
Delmarva Peninsula. Sohl (1977) described the Upper
Cretaceous marine mollusks of New Jersey and Dela-
ware and related them to transgressive and regressive
facies. Wolfe and Pakiser (1971) correlated the Magothy
Formation in New Jersey with Upper Cretaceous out-
crops in Maryland on the basis of palynology and rede-
fined the base of the Magothy in New Jersey.

Hydrogeologic and ground-water resource studies cov-
ering more than one State in the Coastal Plain include
those by Clark and others (1918) for Maryland, Dela-
ware, and the District of Columbia; Barksdale and others
(1958), Hely and others (1961), and Parker and others
(1964) for the Delaware River basin; Johnston (1964) and
Papadopulos and others (1974) for the area around the
District of Columbia; Slaughter (1962) for Maryland and
Delaware beach areas; and Cushing and others (1973) for
the Delmarva Peninsula.

Selected geologic and hydrogeologic studies that cov-
ered parts of the northern Atlantic Coastal Plain are
summarized here by State.

New York (Long Island). —Mather (1843) was the first
to examine the geology of Long Island in detail in the
field; he prepared a geologic map. Upham (1879) mapped
the glacial moraines. Dana (1890) presented his interpre-
tation of the origin of Long Island Sound as a river and
its relation to Pleistocene glaciation. Hollick (1893, 1894)
studied the Cretaceous deposits of Long Island, and
Woodworth (1901) studied the glacial deposits of the
western part of the island.

De Varona (1896), Crosby (1900), and Freeman (1900)
studied the water resources of the western part of Long
Island. Veatch (1903) described the glacial geology and
named the Pleistocene Jameco Gravel. Fuller (1905¢)
described the geology of Fisher’s Island and named the
Pliocene (?) Mannetto Gravel (which he considered Pleis-
tocene) and the Pleistocene Gardiners Clay. Later, he
wrote a comprehensive report on the geology of Long
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Island (Fuller, 1914). In a report that included a geologic
map of the State by F.J.H. Merrill that showed Creta-
ceous outcrops on the northwestern shore of the island,
Rafter (1905) recommended that the sand deposits of
Long Island be considered great natural underground
reservoirs.

Veatch and others (1906, p. 18-19) named the Lloyd
Sand and correlated it with the Raritan Formation of
New Jersey, and de Laguna (1948) assigned the Lloyd
Sand as the lower member of the Raritan. Thompson and
others (1937) contributed to a better understanding of
the process by which the confined aquifers were
recharged and recommended that withdrawals from
them be restricted to situations where the unconfined
aquifers are inadequate or contaminated. Suter and
others (1949) prepared structure-contour maps and geo-
logic sections based largely on correlations of wells and
data from previous reports (Veatch and others, 1906;
Fuller, 1914). Perlmutter and Crandell (1959) summa-
rized information on the geology and ground water along
the south shore of the island and briefly discussed the
occurrence of glauconite and Foraminifera in beds of
Late Cretaceous age. Perlmutter and Todd (1965)
revised the Magothy(?) Formation, using foraminiferal
evidence to show that a marine greensand unit locally at
the top correlated with the Monmouth Group of New
Jersey, underlain by the Matawan Group and Magothy
Formation, undifferentiated. Cohen and others (1968)
prepared an atlas of Long Island’s water resources.
McClymonds and Franke (1972) described the hydroge-
ologic framework of the island in terms of four principal
aquifers (the upper glacial, Jameco, Magothy, and Lloyd)
and prepared maps, graphs, and tables showing their
hydraulic properties.

Sirkin (1974) presented palynologic evidence to show
that the upper part of what had been correlated on
lithologic grounds as the Raritan Formation should be
included in the Magothy Formation instead and (Sirkin,
1986) continued with the correlation of the Long Island
and New Jersey sections on the basis of palynology.

Williams (1976) described the results of shallow-
penetration seismic exploration and coring on the inner
Continental Shelf within about 20 mi of the south shore of
Long Island and around its eastern end. The report
shows numerous buried channels filled with Pleistocene
sediment. Hutchinson and Grow (1982) described the
configuration of the sedimentary bedding and of a fault in
the New York Bight, as disclosed by seismic exploration.

Getzen (1977) designed a five-level electric analog flow
model of the aquifer system of Long Island. The lower-
most aquifer (Lloyd) was excluded from the simulation
because of its assumed hydraulic isolation and the lack
of knowledge of its hydraulic properties. Reilly and
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Harbaugh (1980) constructed a digital model simulating
the same hydraulic data as the analog model.

Reports resulting from water-resources studies on
Long Island by the U.S. Geological Survey, mostly in
cooperation with State and local agencies, were listed by
Bachmann and Pitt (1984).

New Jersey.—The present geologic map of New Jer-
sey was prepared in its original form by Lewis and
Kiimmel in 1912 and revised by Kiimmel in 1931 and by
Johnson (1950) in 1950.

Johnson and Richards (1952) described the stratigra-

"phy of the New Jersey Coastal Plain. Richards and
others (1962) prepared generalized structural contour
maps. Stratigraphic studies of the sedimentary section
up through the Magothy Formation include those of
Berry (1906, 1910, 1911), Weller (1907), Owens and Sohl
(1969), and Christopher (1977, 1979). Petters (1976)
studied the Upper Cretaceous subsurface stratigraphy of
the New Jersey Coastal Plain.

Cooke and Stephenson (1928) and Minard and others
(1969) placed the Cretaceous-Tertiary boundary at an
unconformity at the base of the Hornerstown Formation
in New Jersey. Enright (1969) described the stratigra-
phy of the Eocene formations. Adams (1963) studied the
petrology of the lower Tertiary formations.

Olsson (1980, p. 125) and in the American Association
of Petroleum Geologists, Coastal Plain Province Com-
mittee (1983), proposed a late Oligocene age, based on
Foraminifera, for the Piney Point Formation, which was
regarded by others as Eocene.

For the upper Tertiary section, Isphording (1970)
redefined the Kirkwood Formation and Carter (1978)
studied the environment of deposition of the Cohansey
Sand.

Knapp (1905) summarized information on the ground-
water resources of New Jersey. Thompson (1928, 1930,
1932) named and traced some of the Coastal Plain
aquifers. Barksdale and others (1943), Farlekas (1979),
and Luzier (1980) conducted hydrogeologic studies of
New Jersey Coastal Plain aquifers that contain sedi-
ments of the Potomac Group and the Raritan and Mag-
othy Formations. Nemickas (1976) and Nichols (1977a, b)
described the hydrogeology of the Wenonah-Mount Lau-
rel and Englishtown aquifers, respectively, in connection
with digital-flow models. Nemickas and Carswell (1976)
extended correlation of the Piney Point aquifer from
the Delmarva Peninsula to New Jersey. Rhodehamel
(1970, 1973) emphasized the Kirkwood Formation and
Cohansey Sand in a study of the geology and ground-
water resources of an area in the southern part of
the New Jersey Coastal Plain. Gill and Farlekas (1976)
prepared structure-contour maps of the Potomaec-
Raritan-Magothy aquifer system.
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Delaware.—Matson (1913) described the clays of Del-
aware. Groot (1955) described the petrology of the Upper
Cretaceous section of northern Delaware. Jordan (1962,
1964, 1968, 1974) and Jordan and Talley (1976) described
the stratigraphy and lithology of the Delaware Coastal
Plain formations. Jordan and Adams (1962) identified a
bentonite marker bed near the Tertiary-Cretaceous
boundary. Spoljaric (1967a, b, 1972a, b, 1973) analyzed
lithofacies of the Potomac Formation and described
Pleistocene channels, the Fall Zone, Late Cretaceous
marine transgression, and basement faults, respectively.
Spoljaric and Jordan published the State geologic map in
1966, which was revised by Pickett (1976). Spoljaric and
others (1976) interpreted the tectonic evolution of Dela-
ware from LANDSAT-1 imagery. Woodruff (1976) dis-
cussed geophysical borehole logging in Delaware.

Kraft and Maisano (1968) published a geologic cross
section of Delaware. Pickett (1969) discussed the geology
of part of the coastal area. Weil (1971) studied the
sediments, structure, and evolution of Delaware Bay.
Sheridan and others (1974) inferred a rate of coastline
retreat of 0.6 ft/yr from about 7,500 yr ago to present
from evidence on the position of the barrier complex in
the early Holocene Epoch on the Atlantic inner shelf off
Delaware.

Darton (1895) discussed the prospects for artesian
wells and (Darton, 1905) presented data on the deep
wells in Delaware. Clark and others (1918) included
Delaware in a report on water resources centered in
Maryland. Marine and Rasmussen (1955) published a
comprehensive report on the geology and ground-water
resources of the State, including a geologic map, struc-
ture maps, and maps of aquifers. Rasmussen and others
(1957) discussed the water resources of northern Dela-
ware. Woodruff (1969, 1970) described saline ground
water and ground-water quality. Johnston (1973)
described the hydrology of the surficial aquifer (Colum-
bia of local use) and (Johnston, 1977) the simulation of
flow in the aquifer. Johnston and Leahy (1977) combined
model results and base-flow data to study recharge and
leakage areas of artesian aquifers. Other model-based
studies of aquifers include those by Leahy (1976, 1979,
1982), Hodges (1984), and Martin (1984).

Maryland.—Publications on the general geology and
stratigraphy of Maryland include the State geologic map
by Cleaves and others (1968) and the description of the
geology of the State by Overbeck (1950) and Edwards
(1974) and of southern Maryland by Glaser (1968).

Many authors contributed to knowledge of the Mary-
land stratigraphic section. Clark and Bibbins (1897),
Brenner (1963), and Hansen (1969a, b) discussed the
Potomac Group and its correlation. Clark and others
(1911, 1916) wrote treatises on the Lower and Upper
Cretaceous sediments, respectively. Hansen (1968)
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demonstrated geophysical-log correlation of the Creta-
ceous and described (Hansen, 1978) the pinchout of the
Upper Cretaceous and Paleocene sediments in southern
Maryland. Minard and others (1977) reintroduced the
Severn Formation in Maryland to replace the Monmouth
Formation. Clark and others (1901) and Shifflett (1948)
described the Eocene section. Harris (1893), Clark and
others (1904), Dryden (1936), Gernant (1970), Stefansson
and Owens (1970), and Gernant and others (1971) dis-
cussed the Miocene sediments, and Shattuck and others
(1906), Hansen (1966, 1981), and Weigle (1972) discussed
the Pliocene and Pleistocene sections.

Petrologic studies included those of Glaser (1969) on
the Potomac Group and Magothy Formation and
Schluger and Roberson (1975) on the Patapsco Forma-
tion. Knechtel and others (1961) studied the physical
properties of nonmarine Cretaceous clays. Chapelle and
Knobel (1983) studied glauconite in relation to aqueous
geochemistry in the Paleocene Aquia Formation.

Miscellaneous geologic studies of the Maryland Coastal
Plain include those by Darton (1939) on sand-and-gravel
deposits, Jacobeen (1972) on geophysical evidence for
high-angle reverse faulting, and Edwards and Hansen
(1979) on the structural significance of the upper Chesa-
peake Bay magnetic anomaly.

Darton and Fuller (19052, b) presented data on arte-
sian wells in the District of Columbia and Maryland,
respectively. Miller and others (1982) summarized infor-
mation on Maryland’s ground water. The Maryland State
Planning Department and Maryland Geological Survey
(1969) and Hansen (1971a, b, 1972a, b) described the
Maryland Coastal Plain aquifers. Otton (1955), Barnes
and Back (1964), Weigle and others (1970), Mack and
Mandle (1977), and Chapelle and Drummond (1983)
described aspects of the water resources of southern
Maryland. Bachman (1984) studied the surficial aquifer
(Columbia of local use) on the Delmarva Peninsula.

Virginia. —The current State geologic map was pre-
pared by Calver and others (1963). Teifke (1973) summa-
rized knowledge of the general geology of the Coastal
Plain in Virginia, particularly in stratigraphy, prior to
more intensive work in paleontology. Other publications
on the geology of the Coastal Plain of Virginia that have
not been cited previously include Cederstrom’s (1945b)
work on the structural geology of southeastern Virginia
and Sabet’s (1973) geophysical exploration of the south-
ern Delmarva Peninsula. McConnell (1980) reviewed the
stratigraphic and structural framework of the Virginia
Coastal Plain.

Darton and Fuller (1905¢) presented data on deep
wells in Virginia. Sanford (1913), and, more recently,
Larson (1981) described the occurrence of saline water.
Hydrogeologic and ground-water resource studies cover-
ing substantial parts of the Virginia Coastal Plain include
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those of Cederstrom (1941, 1943a, b, 1945a, 1946a, b),
Sinnott and Tibbitts (1954, 1957), DeBuchananne (1968),
Sinnott (1969), and Rogers and Spencer (1971). Cosner
(1975) studied ground-water flow in the Lower Creta-
ceous section in an area of major withdrawals in southern
Virginia by means of digital simulation.

The Virginia State Water Control Board published
reports (1970, 1973, 1974, 1975, 1977) on areas of the
Coastal Plain; other reports were published under the
names of its staff (Siudyla and others, 1977; Newton and
Siudyla, 1979; Fennema and Newton, 1982). Bal (1977,
1978) simulated ground-water flow on the Virginia Del-
marva and York-James-Middle Peninsulas. Geraghty
and Miller, Inc., (1979) prepared a report for the board
on the availability of ground water in southeastern
Virginia.

North Carolina.—In addition to references previously
cited, early stratigraphic and geologic studies of the
North Carolina Coastal Plain include the State Geological
Survey reports of Emmons (1852) and Kerr (1875) and a
report on the Tertiary section by Dall (1892).

Clark and others (1912) published the first comprehen-
sive study of the general geology of the Coastal Plain and
included a geologic map. Prouty (1936) summarized the
geology and stated that magnetometer surveys substan-
tiated interpretations of basement warping and
increased gradient toward the coast. Richards (1950)
described the geology, geologic history, and mineral
resources of the North Carolina Coastal Plain and tabu-
lated fossils and control points for basement elevations.
Bonini and Woollard (1960) mapped basement structure
and lithology from refraction-seismic data. Mixon and
Pilkey (1976) studied the geology of the submerged and
emerged Cape Lookout area.

Among the reports dealing with the stratigraphy of
the North Carolina Coastal Plain, Stephenson and Rath-
bun (1923) described the Cretaceous section, with
emphasis on the invertebrate fauna. Heron and Wheeler
(1964) and Swift and Heron (1967, 1969) concentrated on
environments of deposition of the Cretaceous Cape Fear,
Middendorf, and Peedee Formations. Christopher and
others (1979) identified Late Cretaceous palynomorphs,
with affinity to the Magothy fauna, from the Cape Fear
Formation. Sohl and Christopher (1983) presented evi-
dence for a disconformity between the Black Creek and
Peedee Formations. They correlated the Black Creek
with the Wenonah and Marshalltown Formations and the
Peedee with the Mount Laurel Sand of New Jersey (Sohl
and Christopher, 1983, fig. 12). Fallaw and Wheeler
(1963) and Wheeler and Curran (1974) described exam-
ples of the Cretaceous-Tertiary boundary in outecrops.

Miller (1910) described erosion intervals in the Terti-
ary section of North Carolina and Virginia and asserted
that each Tertiary formation in North Carolina was



HYDROGEOLOGY

bounded by unconformities. He found that denudation
seemed to have occurred south of a “Hatteras axis”
(approximately along the Neuse River) at the same time
that deposition was taking place north of the axis and
viee versa. Ward (1980) discussed the stratigraphy of the
Eocene, Oligocene, and lower Miocene formations of the
Carolinas.

Cheetham (1961) and Baum and others (1979) dis-
cussed the Eocene section, namely, the Castle Hayne
Limestone. Kimrey (1964, 1965) described and named
the Miocene Pungo River Formation; Gibson (1967),
Miller (1982), and Scarborough and others (1982) further
described its stratigraphy and petrology. Snyder and
others (1982) studied Miocene seismie stratigraphy and
sea-level cyclicity.

Blackwelder and Ward (1979) revised the correlation
and nomenclature of the Pliocene formations, and Fallaw
and Wheeler (1969) redefined the marine Pleistocene
section.

Structural geology in the North Carolina Coastal Plain
was studied by MacCarthy (1936), Ferenczi (1959), and
Brown and others (1977). Thayer and Textoris (1972)
discussed the petrology of the carbonate aquifers.

The State geologic map by Brown and Parker (1985)
supersedes the one by Stuckey (1958).

Fuller (1905b) and MacCarthy (1907) presented data
on deep wells in North Carolina. Stephenson and others
(1912) discussed the water resources of the Coastal Plain.
Heath and others (1975) described the water resources of
the State and showed the freshwater-saturated thick-
ness of the Coastal Plain sediments, water levels, and
dissolved-solids concentration maps. Billingsley and oth-
ers (1957), Fish and others (1957), and Floyd and Peace
(1974) reported on the water resources of the Neuse,
Yadkin-Pee Dee, and upper Cape Fear River basins,
respectively. Heath (1975) deseribed the hydrology of
the area around Albemarle and Pamlico Sounds. Wilder
and others (1978) described the water resources of
northeastern North Carolina. DeWiest and others (1967)
studied the effects of phosphate mining on the water
resources of the Coastal Plain. Peek and Nelson (1967)
described the impact of heavy withdrawals on water
levels and possible saltwater intrusion, and Peek and
Register (1975) reported high artesian heads in south-
eastern North Carolina and presented a hypothesis to
explain them.

GEOLOGY

STRUCTURAL SETTING

The northern Atlantic Coastal Plain consists of a
seaward-thickening wedge of Mesozoic and Cenozoic
sediments overlying the basement (pl. 24, B) composed

Gl11

of igneous and metamorphic Precambrian and Paleozoic
and rift-basin Triassic and Jurassic rocks (Gleason,
1982a, fig. 1; Hansen and Edwards, 1986). Two regional
southeast-trending structural features are apparent on
plate 2A and B: (1) a thickening, or basement depression,
in the center of the area (Salisbury Embayment) and
(2) a thinning, or basement arch, in the southern part
(Cape Fear arch). The thickness of more than 10,000 ft at
Cape Hatteras, N.C., the maximum shown on plate 24,
is the result of the Cape projecting farther into the
Continental Shelf environment (closest to the Continen-
tal Slope) than any point on the emergent Coastal Plain
within the study. The section penetrated by well 381 on
the Cape (pl. 14; appendix) is equivalent to offshore
sections elsewhere (Sheridan, 1974, p. 398).

The basement surface dips seaward, with the dip
increasing in a seaward direction. The increase is abrupt
in places, such as in North Carolina. Prouty (1946) ran a
magnetometer traverse from the Piedmont to Cape
Lookout and attributed the indicated change in basement
dip to the intersection of buried peneplains (the gently
sloping Schooley Peneplain to the northwest, and the
steeply sloping Fall Zone Peneplain to the southeast).
G.W. Berry (1948) noted a change in basement slope
from 14 to 122 ft/mi in the same area and explained the
change as the intersection of peneplains. E. Willard
Berry (1951) offered three possible explanations:
(1) monoclinal folding, (2) faulting, or (3) intersection of
peneplains.

The seaward dip of the basement surface is primarily
the result of subsidence. In the Baltimore Canyon
Trough (fig. 1), which lies off the Atlantie Coast between
New Jersey and Virginia, depths to basement (estimated
from magnetic and seismic surveys) exceed 7.5 mi (Klit-
gord and Behrendt, 1979, figs. 1, 12C). Exploratory
wells, such as the COST B-2 (well 121, in the appendix
and on pls. 14, 4B), penetrated a Quaternary to Jurassic
sedimentary section more than 16,000 ft thick (Adinolfi
and Jacobson, 1979, p. 34, pl. 2).

The sedimentary section of the Baltimore Canyon
Trough consists largely of unconsolidated sand and clay
down through the Miocene sediments, underlain by
sandstone and shale with subordinate amounts of carbon-
ate, evaporite, coal, and lignite (Bayer and Mattick,
1980, fig. 3), deposited in subaerial to shallow marine
(outer shelf) environments. The shallow (as compared to
present depth to basement) water depths of up to about
1,600 ft during deposition (according to Watts, 1981,
p. 2-2, 24) “suggest that sedimentary loading is not the
only cause of subsidence of the U.S. margin *** and that
other factors must be involved,” such as stretching and
thinning of the underlying crust associated with heating
and continental rifting. The progressive onlap of sedi-
ments may be explained by inland migration of a thermal



G12

bulge and flexural depression and by increasing flexural
rigidity of the basement (Watts, 1981, 247 to 2-56).

A series of arches and embayments extends along the
northern Atlantic Coastal Plain, with axes approxi-
mately perpendicular to the coast. From north to south,
the principal features are the Raritan Embayment,
South New Jersey High, Salisbury Embayment, Norfolk
High, Albemarle Embayment, and Cape Fear arch (fig.
1). The arches and embayments reflect warping of the
basement (Perry and others, 1975, p. 1633-1534, fig. 5).
The embayments can be considered salients of the Bal-
timore Canyon Trough. Although the axes of the embay-
ments coincide with the greatest present thickness of
sediments, basin centers of deposition have shifted over
time, as was recognized by Brown and others (1972,
p. 7-10) and Owens (1983, p. 35-36).

The basement surface is not smooth, and its strike and
dip are not regular. The apparent smoothness of the
surface as contoured in plate 2B is the result of sparse
control. The irregularities of the contours in part of New
Jersey, Delaware, and Maryland are based on unpub-
lished seismic mapping as adapted by Gill and Farlekas
(1976, sheet 1) and Cushing and others (1973, fig. 2).
Faults have been mapped on the surface of the emergent
Coastal Plain (Jacobeen, 1972; Spoljaric, 1973; York and
Oliver, 1976, Mixon and Newell, 1977, 1978), but their
displacement of the basement generally is not known.
Brown and others (1977) presented evidence for a
northeast-trending wrench-fault zone in the North Caro-
lina Coastal Plain. Harris and others (1979) portrayed
this zone as extending across the northern half of the
North Carolina Coastal Plain, and also showed a parallel
fault and two southeast-trending faults in the southern
half of the North Carolina Coastal Plain. Hansen (1978,
figs. 5, 7, 15-16, 19-20) mapped basement faults inter-
sected by seismic lines in the area of the Salisbury
Embayment. He hypothesized that the faults originated
in a Triassic rift system and that sporadic movement
along the faults influenced deposition and erosion of
Coastal Plain sediments throughout Cretaceous and
early Tertiary time.

DEPOSITIONAL HISTORY

Deposition of the Coastal Plain section began with the
opening of the Atlantic Ocean in Jurassic time. Although
the processes of both onlap and offlap contributed to the
building of the Coastal Plain sedimentary wedge, its
early history was dominated by onlap, interpreted as the
result of subsidence relative to sea level.

Figure 3 shows the names and generalized strati-
graphic positions of the Coastal Plain formations referred
to in this report.
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Jurassic.— A thick section of predominantly marine
Jurassic sediments has been mapped offshore in connec-
tion with exploration for oil. The COST B-2 well (well
121, in the appendix and on plate 1A) bottomed in the
Jurassic (Poag, 1980, p. 35, figs. 28, 29). Over most of the
emergent Coastal Plain, rocks positively identified as
Jurassic are absent.

Brown and others (1972, p. 37-39, pls. 6-7, 40)
assigned the lowermost sedimentary section in part of
the emergent Coastal Plain to “rocks of Jurassic(?) age,
rocks of Unit I” and “rocks of Cretaceous and Late
Jurassic(?) age, rocks of Unit H.” They (Brown and
others, 1972, pl. 6) showed the rocks of Unit I to be
confined onshore to two coastal areas: one around Cape
Hatteras, N.C., and the other from Maryland to the
southern tip of New Jersey. Unit I includes unfossilifer-
ous feldspathic sand and red, green, and brown shale and
is continental in origin. The rocks of Unit H were
depicted as more extensive than the rocks of Unit I
(Brown and others, 1972, pl. 7), and include predomi-
nantly marine dolomite, limestone, sand, shale, and
anhydrite in North Carolina and nonmarine clastics in
Virginia and northward. However, palynologic studies
by Doyle and Robbins (1977) and Daoyle (1982) indicated
an Early Cretaceous age for the Unit H section in wells
on the Delmarva Peninsula, which suggests that the
nonmarine clastic rocks mapped as Unit H elsewhere in
the Coastal Plain may also be Cretaceous rather than
Jurassic. Owens (1983, fig. 7) showed no upper Lower
Jurassic (post-rifting) to Upper Jurassic rocks extending
onshore north of Florida.

The small extent or absence of post-rifting Jurassic
rocks in the emergent Coastal Plain sedimentary wedge
indicates that either the Jurassic shoreline was mostly on
the present Continental Shelf, while most of the area of
the present emergent Coastal Plain was undergoing
erosion, or that Jurassic sediments on the Coastal Plain
have largely been removed by erosion.

Cretaceous. —In addition to “rocks of Unit H” in North
Carolina, described by Brown and others (1972), the
oldest Cretaceous rocks on the emergent Coastal Plain
are predominantly sand, gravel, and clay or their lithified
equivalents (the Potomac Group in Maryland, the Dis-
trict of Columbia, and New Jersey and the Potomac
Formation in Virginia and Delaware). The lowermost
part of the Cretaceous section in southeastern Maryland
and adjoining Virginia, named the Waste Gate Forma-
tion of the Potomac Group by Hansen (1982), has been
dated as old as mid-Berriasian and hence is much older
than the Potomac Group updip at its Baremian-Aptian
outcrop (Doyle, 1982, p. 51; see American Association of
Petroleum Geologists, Atlantic Coastal Plain Province
Committee (1983) for column showing European stage
names). The Waste Gate Formation includes the oldest-
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known sediments of the emergent Coastal Plain except
possibly for Jurassic rocks and also some of the Lower
Cretaceous section of the Cape Hatteras region of North
Carolina. Younger sediments of the Potomac Group
successively overlap the Waste Gate and extend farther
to the west, which indicates subsidence of the Coastal
Plain relative to sea level during deposition.

Lower Cretaceous sediments do not ecrop out in North
Carolina, but unnamed subsurface sediments similar in

lithology to the Potomae Formation (or Group where

differentiated) appear to be continuous with the Potomac
of Virginia. They do not extend as far south as the South
Carolina line, however. The Potomac is absent in the
northwestern part of the New Jersey Coastal Plain and
on Long Island.

The environment of deposition of the Coastal Plain
sediments during Early Cretaceous time was character-
ized by a subsiding surface on which rivers deposited
clastic material derived from the erosion of an adjoining
upland. The coastline was well out on the present Con-
tinental Shelf off New Jersey but was west of the present
Cape Hatteras. The southern part of the North Carolina
Coastal Plain was either too high to be covered by
fluviodeltaic sediments or uplifted and the sediments
removed before the plain was buried by Upper Creta-
ceous sediments. The same applies to Long Island and
the northwestern part of the New Jersey Coastal Plain.
The greatest thickness of Lower Cretaceous sediments is
in the Salisbury Embayment (fig. 1), the axis of which
passes through the Delmarva Peninsula. Deposition was
predominantly fluviodeltaic in the embayment. How-
ever, evidence for minor marine incursions includes the
presence of glauconite (Anderson, 1948, p. 14-15, 400,
406, 415, 422, 424425, 435) and brackish-to-marine
dinoflagellates (Doyle and Robbins, 1977, p. 71-73) in
Lower Cretaceous sections penetrated by wells on the
Delmarva Peninsula, and glauconite in the Potomac
Formation penetrated by a test well (well 237, in the
appendix and on pl. 14) in the northwestern Virginia
Coastal Plain (Reinhardt and others, 1980, p. 44, 46).

Fluviodeltaic deposition continued into early Late Cre-
taceous time with the upper part of the Potomae Group in
Maryland and the Potomac Formation of Delaware and
Virginia. Most recent interpretations show the Upper
Cretaceous to be missing in Virginia west of Chesapeake
Bay (Owens and others, 1977, fig. 8); however, Sirkin
identified Upper Cretaceous pollen (zones III and IV) in
core samples (one of marine sand) from three wells in
southern Virginia west of the bay: well 271 (in appendix
and on plate 1) and two wells southwest of Norfolk (L.A.
Sirkin, Adelphi University, written commun., 1982;
A.A. Meng, U.S. Geological Survey, written commun.,
1985).
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Deposition under fluviodeltaic conditions continued in
early Late Cretaceous time in New Jersey, Maryland,
and Long Island with the Raritan Formation (Suter and
others, 1949, p. 33-36; American Association of Petro-
leum Geologists, Atlantic Coastal Plain Provinee Com-
mittee, 1983). In the northeastern part of the New
Jersey Coastal Plain, the Raritan Formation includes
beds of marine origin (Sohl, 1977, p. 76~78) as do parts of
the Potomac section on the Delmarva Peninsula, which
suggests deposition in marginal deltaic and estuarine
environments (Jordan, 1983, p. 29).

The ocean encroached over much of the North Carolina
Coastal Plain in the early part of Late Cretaceous time,
with deposition of the lagoonal, estuarine, and near-
shore marine Cape Fear Formation. It is characterized
by continuous, uniform beds of sand and sandy mud.
Fossils are scarce (Swift and Heron, 1969, p. 208,
210-213). The Cape Fear Formation has been ascribed to
both Lower Cretaceous (Stephenson, 1907) and Upper
Cretaceous (Cooke, 1926), partly on the basis of strati-
graphic position and similarity to formations in adjoining
areas. Biostratigraphic work by Christopher and others
(1979, p. 145) indicates a Late Cretaceous age (middle
Turonian to late Santonian) for the Cape Fear, at least in
its outerop. Hazel and others (1977, p. 71, 73, fig. 3)
dated the subsurface Cape Fear downdip in South Caro-
lina as Cenomanian, older than Turonian but still Late
Cretaceous.

A shift in environment from predominantly continental
to marine began from Long Island to southern Maryland
with deposition of the Magothy Formation (Perlmutter
and Todd, 1965, p. 12-13, table 2; Owens and Sohl, 1969,
p. 239-258, fig. 16; Glaser, 1969, p. 73; Doyle and
Robbins, 1977, p. 45). Christopher (1977, p. 65, fig. 70)
assigned a middle Turonian to late Santonian age to the
Magothy in New Jersey; other assignments of its age
extend from Turonian-Coniacian (Groot and others,
1961) to Santonian-early Campanian (Doyle, 1969). The
Magothy includes sand, gravel, silt, clay, plant remains,
and lignite fragments. In Maryland, the Magothy
changes facies from coarse clastics along its southwest-
ern outcrop to interbedded lignitie silt and clay and
moderately sorted sand in the east and northeast. Glaser
(1969, p. 73, 76-77) interpreted its facies distribution to
represent fluvial deposition to the southwest and estuar-
ine deposition to the north and northeast. Perlmutter
and Todd (1965, p. I3) suggested deltaic and lagoonal-
estuarine environments for the Magothy Formation and
Matawan Group, undifferentiated, on Long Island.

The Magothy is overlain by predominantly marine
sediments of the Matawan and Monmouth Groups and
their equivalents from Maryland to Long Island. Accord-
ing to Owens and others (1977, p. 27), this part of the
section is strongly cyeclical, characterized by repetition of
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sequences of (1) a glauconitic unit overlain by (2) silt and
capped by (3) sand, which resulted from deposition
during alternating transgressions and regressions of the
sea. The sands that compose aquifers were deposited

FIGURE 8. —Generalized stratigraphic correlations of the northern Atlantic Coastal Plain.

mostly during the regressions.

Deposits equivalent to the Magothy, Matawan, and
Monmouth are absent over most of the Virginia Coastal

Plain. In North Carolina, approximate time equivalents
of the Matawan and Monmouth Groups include, in
ascending order, the fluvial Middendorf Formation in the
southwestern part of the Coastal Plain, the estuarine
Black Creek Formation, and the marine Peedee Forma-
tion. Swift and Heron (1969) considered the Black Creek-

Peedee contact to be a “ravinement” (a minor discon-
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FiGURE 3. —Continued.

formity caused by a sea advancing over shore and
lagoonal deposits), but Sohl and Christopher (1983) pre-
sented field and paleontological evidence for a more
substantial break at the contact.

Tertiary.—Cyclical deposition continued through most
of the Tertiary as it did in Late Cretaceous time in New

Jersey, Maryland, and Delaware (Owens and Sohl, 1969,
p. 257-259). Glauconite is distributed throughout the
section but is associated especially with marine trans-
gressive deposits. The oldest Tertiary deposits on the
middle Atlantic Coast include the Hornerstown Sand in
New Jersey, Delaware, and northeastern Maryland and
the Brightseat Formation of southern Maryland and
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northeastern Virginia, which unconformably overlies
Cretaceous formations (Ward, 1985, p. 6).

Whether the contact between the Cretaceous and
Tertiary is conformable in New Jersey, Delaware, and
northeastern Maryland has been a matter of contro-
versy. Loeblich and Tappan (1957) reviewed the litera-
ture and stated that planktonic Foraminifera show a
sharp break at the boundary, exemplified by the fauna of
the Paleocene Hornerstown in New Jersey and of the
Brightseat of Maryland. Olsson (1963, 1975) proposed a
single cycle of deposition of glauconitic sediments
through latest Cretaceous and earliest Tertiary time,
interrupted locally by influxes of sand, but with no major
unconformity in the New Jersey Coastal Plain. Minard
and others (1969) interpreted an unconformity at the
base of the Hornerstown, on the basis of successive
overlap of older formations. Richards and Gallagher
(1974) found Cretaceous vertebrate fossils in what they
identified as the lower part of the Hornerstown. If their
interpretation is correct and the fossils were not
reworked, the Hornerstown would cross the system
boundary, with no major break. J.P. Owens and N.F.
Sohl (U.S. Geological Survey, oral commun., Oct. 10,
1985) regarded the fossils as reworked. This report
assumes a Cretaceous-Tertiary unconformity (pl. 3).
However, the correlation chart of the American Associ-
ation of Petroleum Geologists, Atlantic Coastal Plain
Province Committee (1983), shows the Cretaceous-
Paleocene boundary passing through the Hornerstown
with no unconformity in New Jersey and northern
Delaware.

In North Carolina, the Paleocene Beaufort Formation
is the lowermost representative of the Tertiary section,
unconformably overlying the Upper Cretaceous Peedee
Formation. It consists of glauconitic and argillaceous
sands, shells, and impure limestone and has been dated
as early Paleocene (Midway) (Brown, 1959, p. 25, table
1). Harris and Baum (1977) interpreted the upper part of
the Beaufort to be of late Paleocene age.

From New Jersey to Virginia, Eocene through Mio-
cene time was characterized by the continued cyclic
deposition of clastic deposits, with glauconite particu-
larly abundant in the Eocene. In North Carolina, the
Eocene Castle Hayne Limestone and Oligocene River
Bend Formation are predominantly limestone. Until
recent years, the Oligocene had not been recognized in
the emergent Coastal Plain north of North Carolina.
However, Olsson and Miller (1979) identified Oligocene
Foraminifera in core samples from wells in the New
Jersey Coastal Plain. Olsson (1980, p. 125) referred the
sediments containing the Foraminifera to the Piney
Point Formation, which generally has been regarded as
Eocene, and stated that it was deposited in a late
Oligocene transgressive sea upon an eroded and beveled
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Eocene surface. J.P. Owens (U.S. Geological Survey,
oral commun., Feb. 19, 1985) reported that cores from a
test well in southeastern New Jersey included rocks of
both early and late Oligocene ages. Ward and others
(1978, p. F13) noted “unnamed Chickasawayan [Oligo-
cene] sediments along the Pamunkey and Chickahominy
Rivers in Virginia,” and Ward (1984, p. 52-53; 1985)
named and described the upper Oligocene and lower
Miocene Old Church Formation in the same area. The
extent and correlation of Oligocene deposits are not yet
well known north of Virginia.

Early and middle Miocene marine deposition was
widespread in both the Salisbury and Albemarle Embay-
ments; the Salisbury Embayment section is character-
ized by clastic deposits and diatomaceous clay, whereas
the Albemarle Embayment section includes phosphatic
and carbonate rocks as well as diatomaceous clay. The
upper Miocene consists of clastic deposits in both basins.
Miocene deposition was episodic, particularly in the
Albemarle Embayment. Deposition began under open-
marine conditions in the Salisbury Embayment, but delta
building associated with uplift to the northwest
restricted oceanic circulation later in the epoch. In the
Albemarle Embayment under deeper marine (to mid-
shelf) conditions, sedimentation proceeded at a slower
rate (Gibson, 1982).

According to Owens and Denny (1979) and Owens and
Minard (1979), high-level gravels of the Bridgeton For-
mation and Beacon Hill Gravel of New Jersey, the
Pensauken Formation of New Jersey and the Delmarva
Peninsula, and the Brandywine Formation of Maryland
are Miocene rather than Pleistocene, as they are
regarded by many authors (Shattuck, 1901; Bascom and
Miller, 1920; Jordan, 1964; Spoljaric, 1967b; Hansen,
1981). Owens and Denny (1979, p. Al2, A26-A27)
reported that the Pensauken interfingers with the
“Yorktown and Cohansey(?)” of Rasmussen and Slaugh-
ter (1955). The “Yorktown and Cohansey (?)” was later
included in the Eastover Formation of Ward and Black-
welder (1980) by Gibson (1982, p. 18, fig. 14).

A transgressive, marginal- to open-marine environ-
ment prevailed throughout most of early Pliocene time,
with deposition of the Yorktown Formation (Ward and
Blackwelder, 1980, p. D32), in the upper part of the
predominantly Miocene Chesapeake Group. Around its
type locality, the Yorktown consists of a “basal, pebbly
coarse-grained sand unit, a very fine-grained sandy clay
unit, and an upper sandy shell hash” (Ward and Black-
welder, 1980, p. D29). The center of deposition in the
Salisbury Embayment shifted southward into Virginia in
the late Miocene and remained there during much of the
Pliocene. A late Pliocene marine transgression covered
the southeasternmost part of the Salisbury Embayment,
the eastern part of the Albemarle Embayment, and the
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Cape Fear arch, with deposition continuing into early
Pleistocene (Gibson, 1983). Blackwelder (1981, p. B12-
B13) ascribed the unconformity within the Pliocene
between the Yorktown and the overlying upper Pliocene
formations in this area to a time of global cooling and ice
formation that resulted in a lowering of sea level, fol-
lowed by melting and marine transgression. The uncon-
formity at the Pliocene-Pleistocene boundary was attrib-
uted to the regression of the sea associated with a cooling
trend at the beginning of the Pleistocene.

Marine deposits on the central Delmarva Peninsula,
including sand with gravelly beds (Beaverdam Sand) and
overlying silt, clay, and sand (Walston Silt), were tenta-
tively dated as Pliocene and interpreted to have been
deposited either in a post-Yorktown marine advance and
regression or as facies of the Yorktown by Owens and
Denny (1979, p. A12-A16, figs. 5, 6). The change in age
designation from its original Pleistocene (Rasmussen and
Slaughter, 1955, p. 113, 115 (table 17), 116-117) was
based on the presence of “exotic” plant fossils (fossils of
species that survived the Pleistocene only outside of
North America) in a warm-climate, oak-hickory assem-
blage and also on the deep weathering of the Walston
Silt.

The Mannetto Gravel, found on hills on Long Island, is
the northernmost onshore remnant of possible Pliocene
age in the area of this study if its age designation by
Cooke and others (1943, chart 12) is correct. Fuller
(1905¢, p. 367-390; 1914, p. 80-85) named it and consid-
ered it to be Pleistocene. Its depositional history is
obscure.

Pleistocene. —Pleistocene ice sheets advanced as far
south as Long Island on the Coastal Plain, leaving the
island largely covered by terminal and ground moraines
and outwash deposits. The advancing ice planed and
deformed the Cretaceous sediments that form the back-
bone of the island (Woodworth, 1901, p. 622; Mills and
Wells, 1974) and, in places, scored the bedrock surface.
Material scraped from the older rocks was reworked,
mixed with rock debris transported by the ice, and
deposited as glacial drift. Meltwater streams eroded
deep valleys that were subsequently filled with glacial
deposits. Outwash sand and gravel was deposited by
meltwater in sheets as well as in channels, and some of it
was carried far beyond the limits of glaciation. Fleming
(1935) found evidence for three glacial advances on Long
Island, all of Wisconsin age. Parts of the island were
submerged by one or more rises in sea level during
interglacial warm episodes; the most extensive record is
preserved by the Gardiners Clay.

Pleistocene sea-level variations affected the Coastal
Plain south of the limit of glaciation by alternately
submerging and exposing parts of the coast and by
altering rates of stream erosion and deposition. Exam-
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ples of Pleistocene marine deposits include sediments on
the Cape May Peninsula at the southern tip of New
Jersey (Salisbury, 1898, p. 18-20; MacClintock and Rich-
ards, 1936, p. 305-317; Gill, 1959, 1962a, b) and the
Omar, Ironshire, and Sinepuxent Formations of the
Delmarva Peninsula (Owens and Denny, 1979, p. A16-
A24). Beach, lagoonal, and estuarine deposits are found
along the Chesapeake Bay coast of the Delmarva Penin-
sula (Kent Island Formation) (Owens and Denny, 1979,
p. A24-A26), in southeastern Virginia (Oaks and others,
1974), and in southeastern North Carolina (DuBar,
Johnson, and others, 1974; DuBar, Solliday, and
Howard, 1974). Examples of Pleistocene gravels depos-
ited largely under fluvial conditions include the Spring
Lake and Van Sciver Lake beds along the lower Dela-
ware Valley. Owens and Minard (1979, p. D29-D47)
interpreted their depositional histories in the following
sequence: (1) drop in sea level, (2) rapid down-cutting of
the river valley, and (3) rise in sea level, inducing
refilling of the valley and upstream migration of the
estuarine environment.

The Pleistocene Parsonsburg Sand of the central Del-
marva Peninsula (Rasmussen and Slaughter, 1955) has
been interpreted as partly eolian in origin, with dunes
still recognizable (Jordan, 1964, 1974; Hansen, 1966,
p. 22; Denny and others, 1979). Pleistocene climatic
factors, namely, temperature, precipitation, and wind
velocity, appear to have controlled its deposition.

Post-Pleistocene sediments in the Coastal Plain
include beach, offshore bar, valley fill, bay, lagoonal, and
marsh deposits. Marine transgression has predominated
in the Holocene, drowning the lower reaches of streams.

HYDROGEOLOGIC FRAMEWORK

BASIS FOR SUBDIVISION

For this study, the Coastal Plain sediments have been
subdivided into 11 regional aquifers separated by 9
confining units. The basis for definition of the aquifers is
continuity of permeability. In sedimentary rocks, the
principal direction of permeability tends to follow beds of
sand, gravel, or limestone, which in turn run approxi-
mately parallel to the upper and lower boundaries of
formations. Adjacent permeable beds or those separated
by only minor thicknesses of material of low permeabil-
ity, such as clay or silt, may be considered to be parts of
the same aquifer. A regional aquifer may coincide with a
recognized local or subregional aquifer in one area and
comprise several in another, or it may constitute only
part of a local aquifer.

The framework of the flow system could have been
represented by a larger or smaller number of aquifers
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than 11. Available subsurface data are insufficient to
support further regional subdivision of the sedimentary
section, although locally additional aquifers could be
defined. In comparison, the aquifer system of the adjoin-
ing southeastern Coastal Plain was represented in a
companion regional aquifer system analysis by four
regional aquifers, excluding the surficial and Floridan
aquifers (Renken, 1984, Wait and others, 1986).

The names assigned to the 11 regional aquifers are
based on names used in the hydrogeologic frameworks of
the North Carolina (Winner and Coble, in press), Vir-
ginia (Meng and Harsh, 1988), and Maryland-Delaware
(Vroblesky and Fleck, in press) subregional RASA stud-
ies. At most, two subregional names form the name of
each regional aquifer; where there are two names, they
are hyphenated and the name of the more southerly
aquifer appears first. A brief definition of each of the
regional aquifers follows.

1. Surficial aquifer.—This term applies to surficial
water-saturated sand and gravel of Miocene to Hol-
ocene age. The name was used for the uppermost
aquifer in the subregional RASA reports for North
Carolina (Winner and Coble, in press) and Maryland
and Delaware (Vroblesky and Fleck, in press).

2. Upper Chesapeake aquifer.—This aquifer consists of
permeable beds in the upper part of the Chesapeake
Group of Miocene-Pliocene age and their approxi-
mate stratigraphic equivalents. The name was cho-
sen because of its association with the Chesapeake
Group; it has also been applied in the subregional
RASA study covering Maryland and Delaware
(Vroblesky and Fleck, in press). The Virginia and
North Carolina subregional RASA studies use
names for the corresponding aquifer based on names
of formations in the upper part of the Chesapeake
Group.

3. Lower Chesapeake aquifer.—The justification for
the nomenclature is similar to that for the upper
Chesapeake aquifer.

4. Castle Hayne-Piney Point aquifer.—This aquifer is
a limestone and lime sand aquifer (Castle Hayne) in
North Carolina and a sand aquifer in Virginia, Mary-
land, Delaware, and New Jersey, predominantly of
Eocene age. The use of the name “Castle Hayne
aquifer” is established in North Carolina and is used
in the North Carolina subregional RASA study. Use
of the name “Piney Point aquifer” is established in
Virginia, Maryland, Delaware, and New Jersey.
Both are based on formational names.

5. Beaufort-Aquia aquifer.—This aquifer includes the
local Beaufort aquifer in North Carolina, the Aquia
aquifer in Virginia and Maryland, the Rancocas
aquifer in Delaware, and the Vincentown aquifer in
New Jersey. All are composed of Paleocene sands.

10.

. Black Creek-Matawan aquifer.—This

REGIONAL AQUIFER-SYSTEM ANALYSIS—NORTHERN ATLANTIC COASTAL PLAIN

The aquifer names “Beaufort,” “Aquia,” and “Aquia-
Rancocas” are used in the North Carolina, the Vir-
ginia, and the Maryland-Delaware subregional
RASA studies, respectively, and are based on for-
mational names.

Peedee-Severn aquifer.—This aquifer includes the
local Peedee aquifer in North Carolina, the Severn
aquifer in Maryland and Delaware, and the
Wenonah-Mount Laurel aquifer in New Jersey, all
consisting of Upper Cretaceous sands. The name
“Peedee” is used in the North Carolina subregional
RASA study and “Severn” in the Maryland-
Delaware subregional RASA study; both are based
on formational names.

aquifer
includes the local Black Creek aquifer of North
Carolina, the Matawan aquifer of Maryland and
Delaware, and the Englishtown aquifer of New
Jersey, all consisting of Upper Cretaceous sands.
The names “Black Creek” and “Matawan” are used in
the North Carolina and the Maryland-Delaware sub-
regional RASA studies; both are based on forma-
tional and group names.

Magothy aquifer.—This aquifer includes the Mag-
othy aquifer of Maryland, Delaware, New York, and
New Jersey and the upper aquifer of the Potomac-
Raritan-Magothy aquifer system in New Jersey. It
is essentially identical to the Magothy Formation of
Late Cretaceous age, except that on Long Island,
N.Y., the aquifer includes beds equivalent to the
Matawan and Monmouth Groups and hydraulically
connected Pleistocene sand and gravel.

Upper Potomac aquifer.—This aquifer is named in
the subregional Virginia RASA study (Meng and
Harsh, 1988, p. C38-C39) for the upper part of the
Potomac Formation of Cretaceous age. The regional
aquifer also includes the local Brightseat aquifer
(Meng and Harsh, 1988, p. C41-C42) in northern
Virginia and southern Maryland. In Virginia, this
overlies the main body of the aquifer, but it is the
sole representative of the aquifer in Maryland.

The regional aquifer also includes the upper Cape
Fear aquifer of the North Carolina subregional
RASA study (Winner and Coble, in press).

Middle Potomac aquifer. —This aquifer consists pre-
dominantly of nonmarine sands and gravels of Early
Cretaceous age in Virginia, Maryland, and Delaware
and those of Late Cretaceous age in North Carolina,
New Jersey, and Long Island. The name was used in
the subregional RASA study of Virginia and includes
the lower Cape Fear aquifer of the North Carolina
subregional study, the Patapsco aquifer of Maryland
and Delaware, the middle aquifer of the Potomac-
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Raritan-Magothy aquifer system of New Jersey, and
the Lloyd aquifer of New York (Long Island).
Lower Potomac aquifer. —This aquifer consists pre-
dominantly of nonmarine sands of Early Cretaceous
age. The name was used in the subregional RASA
study of Virginia and includes the Lower Cretaceous
aquifer of the North Carolina subregional study, the
Patuxent aquifer of Maryland and Delaware, and the
lower aquifer of the Potomac-Raritan-Magothy aqui-
fer system of New Jersey.

Wherever practicable, the mapping of the aquifers and
intervening confining units was based on the distribution
of permeable zones as indicated by well logs, hydraulic
data, and water chemistry. Personnel in field offices
traced and mapped the hydrologic units on a local scale
and then compiled them into regional maps. Because of
changes in the distribution of permeable zones in Coastal
Plain sediments from place to place, some of the aquifers
consist of sediments of different ages in different areas,
as is the case in the middle Potomac aquifer, which
contains both Lower and Upper Cretaceous sediments.
The aquifers are extended by projection into areas where
data are lacking.

"Plate 3 shows the relationship between the regional
aquifers and confining units, local aquifers, and geologic
formations by means of composite sections for each of the
States included in this study.

Although each confining unit has been defined in terms
of the aquifer that it overlies, some have been traced
beyond the limits of their underlying aquifers, either
through identity with stratigraphic units that can be
mapped or through arbitrary subdivision of confining
material.

Figures 4-8 show logs of representative wells from
North Carolina, Virginia, Maryland-Delaware, New Jer-
sey, and New York (Long Island), respectively, with
boundaries of the regional aquifers indicated. The con-
figuration of the aquifers along a section roughly parallel
to the coast from North Carolina to Long Island is shown
on plate 4A. The configuration of the aquifers along
sections roughly perpendicular to the coast is shown on
plates 4B-E, in which the seaward thickening of the
sedimentary section of the Coastal Plain is evident. The
locations of the sections are shown on plate 1A.

In part of the section along the South Carolina State
line, the Black Creek-Matawan, upper Potomac, and
middle Potomac aquifers and associated confining units
are not differentiated (pl. 4E). Hydraulic data sug-
gest that the undifferentiated sediment, acts as a single
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FIGURE 4.—Log of representative well in the North Carolina
Coastal Plain, with boundaries of regional aquifers: well 390,
NRCD Clarks Research Station. (Location shown on plate 14;
well number and owner taken from appendix.)
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FIGURE 5.—Logs of representative wells in the Virginia Coastal Plain, with boundaries of regional aquifers:
(4) well 250, Haynie Products, Inc., and (B) well 237, USGS Oak Grove Core. (Locations shown on plate
14; well number and owners taken from appendix.)

aquifer within this area, but it is equivalent to material | on plate 4E. The area corresponding to the undifferenti-
that is delineated into separate aquifers outside the area | ated section is labeled “correlation uncertain” on maps of
in North Carolina and South Carolina. The stratigraphic | the aquifers (pls. 114,B; 12A,B).

correlation of beds on opposite sides of the section The description of the regional aquifers and their
(pl. 4E) is open to question, but the distribution of | overlying confining units follows, in descending order.
permeability is interpreted for this study as it is shown | Unless otherwise noted, ranges of values of transmissiv-
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13, USGS Test Well S33379T. (Location shown on plate 14; well
and local numbers taken from appendix.)

ity and leakance have been taken from the calibrated
regional digital-flow model (Leahy and Martin, in press).
In the model, leakance values were assigned to sand-
on-sand contacts beyond the limits of the confining units;
these are excluded from this report, as are values for
offshore areas.

SURFICIAL AQUIFER

The surficial aquifer consists of unconsolidated sand
and gravel. It covers most of the North Carolina Coastal
Plain, where it is composed of post-Yorktown deposits.
In Virginia, it is called the Columbia aquifer and is
composed of valley and terrace deposits and of marine
sediments covering lowlands in the southeastern part of
the State and on the Delmarva Peninsula. In New York
(Long Island), it includes the upper glacial aquifer. The -
aquifer is unconfined, although it includes local confined
Zones.

The surficial aquifer in Maryland and Delaware
includes Holocene to Pleistocene sands and also gravels
in the Pensauken Formation and the Brandywine Gravel
that have been regarded as Pleistocene by many inves-
tigators, including Jordan (1964), Cushing and others
(1973), and Hansen (1981), or Pliocene(?) (Rasmussen
and Slaughter, 1955). In this report, the Pensauken and
Brandywine Formations are included in the Miocene
(pl. 3), in accordance with the interpretation of Owens
and Denny (1979).

The regional surficial aquifer of this study in New
Jersey is restricted to Pleistocene sand and Holocene
beach and dune deposits on the Cape May Peninsula at
the southern tip of the State. There it comprises the local
Holly Beach aquifer (Gill, 1962a), but beach deposits
north of the peninsula are included in aquifers consisting
mostly of older deposits: the upper Chesapeake aquifer in
particular (Mary Martin, U.S. Geological Survey, oral
commun., July 18, 1986).

On Long Island, the surficial aquifer is composed of
glacial sediments (the upper glacial aquifer of local use),
consisting of moraines, outwash, and glaciolacustrine
deposits that cover almost all of the surface (McCly-
monds and Franke, 1972, p. E13-E15, pl. 1, table 1). The
aquifer extends over the entire island except for a few
places in the western part where bedrock is exposed,
bluffs along the north shore where Cretaceous sediments
outcrop, and irregular patches where the upper Pleisto-
cene deposits are completely above the water table. It is
unconfined, and the more permeable parts consist of
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outwash sand and gravel and the rest of till. It has no
lateral connection with the Coastal Plain aquifers of New
Jersey (pl. 44).

In this report, the top of the surficial aquifer is
represented by the approximate average water table
over its extent, as determined for the period 1980-84
(pl. 1B). The control for the contouring consisted mostly
of altitudes of land and water surfaces rather than of well
data.

The thickness of the surficial aquifer is highly variable.
The average saturated thickness of the aquifer on Long
Island is about 250 ft (McClymonds and Franke, 1972,
pl. 1). For the area south of Long Island, the average is
probably about 50 ft, with the greatest thicknesses, as
much as 180 ft in Delaware and 220 ft in Maryland, in
buried channels on the Delmarva Peninsula (Mack and
Thomas, 1972; Johnston, 1973; Bachman, 1984, pl. 5).
The saturated section tends to be thin in the higher level
terrace deposits, particularly in the western part of the
Coastal Plain.

On Long Island, the average transmissivity of the
surficial aquifer is about 27,000 ft?/day (McClymonds and
Franke, 1972, table 6). Outside of Long Island, its
transmissivity is generally less than 1,000 ft%/day except
on the Delmarva Peninsula. There it is commonly on the
order of 8,000 ft?/day and ranges up to 20,000 ft*/day in
buried channels in Delaware (Johnston, 1977, p. 5, figs.
2, 12) and 53,000 ft?/day in the Salisbury paleochannel in
Maryland (Weigle, 1972, p. 86).

UPPER CHESAPEAKE AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Umnit.—Over most of its area, the upper
Chesapeake aquifer is separated from the overlying
surficial aquifer by a confining unit. In North Carolina
and Virginia, the confining unit consists of clay, silty and
sandy clay, and shells of late Pliocene age. In Maryland
and Delaware, it consists of sediments of similar lithol-
ogy but of late Miocene age. In New Jersey, the confin-
ing unit is limited to the Cape May Peninsula and consists
of Pleistocene estuarine clays (Gill, 1962a; Mary Martin,
U.S. Geological Survey, oral commun., May 7, 1985). Its
extent and thickness are shown on plate 5A. Over nearly
half of its area, it is less than 20 ft thick. The leakance of
the confining unit ranges from about 1x107% to 0.1
(ft/day)/ft.

Aquifer.—In North Carolina and Virginia, the upper
Chesapeake aquifer (pl. 3) consists of most of the Plio-
cene Yorktown Formation and upper Miocene Eastover
Formation. In Maryland and Delaware, it consists of
sand zones in the upper Miocene Eastover and St. Marys
Formations: the local Manokin and Pocomoke aquifers,
which extend into Virginia on the Delmarva Peninsula
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(Cushing and others, 1973, p. 4546, pls. 9, 10), and the
Ocean City aquifer (Weigle, 1974, p. 16).

The upper Chesapeake is discontinuous in the south-
ern half of the North Carolina Coastal Plain, and only one
outlier, along the South Carolina line, was mappable on a
regional scale (pl. 5B). In the northern part of the North
Carolina Coastal Plain, it is exposed in only a few places,
mostly along valleys, where streams have cut through
the sediments of the surficial aquifer. It consists primar-
ily of fine sand of marine origin, with beds of shells and
clayey and silty material.

In the inner Coastal Plain of Virginia, post-Yorktown
sediments are thin or missing from the interfluves,
where the upper Chesapeake aquifer is exposed. The
lithology of the upper Chesapeake is similar in Virginia
and North Carolina, except that in Virginia it includes
more coarse sand.

In Maryland and Delaware, the upper Chesapeake
aquifer is restricted to the Delmarva Peninsula. Toward
its northwestern limit, it directly underlies the surficial
aquifer in an area shown as “subcrop of upper Chesa-
peake aquifer under surficial aquifer” on plate 5B. The
three local aquifers making up the upper Chesapeake
(Pocomoke, Ocean City, and Manokin) are composed of
fine to coarse sand with some gravel and lignite
fragments.

In the downdip part of the New Jersey Coastal Plain,
the regional upper Chesapeake aquifer is equivalent to
the local Kirkwood-Cohansey aquifer system (pl. 3),
which consists primarily of the Cohansey Sand. It is
separated from the local Rio Grande water-bearing zone
and Atlantic City 800-foot sand (which form part of the
lower Chesapeake aquifer) by confining beds (Zapecza,
1989, fig. 5). The confining beds pinch out updip, but
their projected position subdivides the Kirkwood-
Cohansey aquifer system into the upper and lower
Chesapeake aquifers. In the updip area of the New
Jersey Coastal Plain, the upper Chesapeake aquifer
includes the Cohansey Sand and the upper part of the
Kirkwood Formation. Both are of Miocene age. The
upper Chesapeake aquifer also includes the high-level
gravels of the Bridgeton Formation and Beacon Hill
Gravel. The Bridgeton had been mapped as Tertiary and
the Beacon Hill as Pleistocene (Johnson, 1950), but
Owens and Minard (1979) interpreted the age of both as
late Miocene. The upper Chesapeake aquifer crops out
over most of the New Jersey Coastal Plain (pl. 5B). The
Cohansey Sand is gravelly. The sand of the Kirkwood
Formation is similar to that of the Cohansey, except that
it tends to be finer grained. Minor components of the
aquifer include Holocene beach-sand deposits and dunes
along the Atlantic coast, overlying the Cohansey Sand.

The extent of the upper Chesapeake aquifer and
altitude of its upper surface are shown on plate 5B. In the
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areas of outcrop, its altitude is approximated by the
water table (pl. 1B). The average thickness of the aquifer
penetrated by wells, based on data from the appendix, is
about 75 ft in North Carolina, 140 ft in Virginia, 400 ft in
Maryland and Delaware, and 190 ft in New Jersey. The
average thickness for Maryland, Delaware, and, to a
lesser extent, Virginia includes a substantial amount of
material of low permeability between the local
Pocomoke, Ocean City, and Manokin aquifers.

The transmissivity of the upper Chesapeake aquifer
ranges up to about 6,000 ft%day in North Carolina, 3,000
ft?/day in Virginia, 24,000 ft*day in Maryland just south
of Delaware, and 10,000 ft*day in New Jersey.

LOWER CHESAPEAKE AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit. —Over most of its extent, the lower
Chesapeake aquifer is overlain by a confining unit con-
sisting primarily of silt and clay of Miocene age. The
confining unit is silty and shelly in Virginia, Maryland,
and Delaware and diatomaceous in New Jersey. It is
traced west of Chesapeake Bay in Virginia, beyond the
limits of the lower Chesapeake aquifer. Its extent and
thickness are shown on plate 6A. Its thickness is greater
than 100 ft over more than half its area. The leakance
ranges from about 1x107¢ to 1x1072 (ft/day)/ft.

Aquifer.—From North Carolina through New Jersey,
the lower Chesapeake aquifer (pl. 3) is composed of
middle to lower Miocene sand beds of marine origin.
These beds constitute the Pungo River aquifer of North
Carolina and the St. Marys-Choptank aquifer of Virginia.
In Maryland and Delaware, the lower Chesapeake aqui-
fer comprises the local Frederica, Federalsburg, and
Cheswold aquifers, which are sand layers separated by
silt and clay (Cushing and others, 1973, p. 43—45). In
New Jersey, the lower Chesapeake aquifer includes the
lower part of the Kirkwood-Cohansey aquifer system
(Zapecza, 1989, p. B17-B19) in the updip part of the
Coastal Plain and the local Rio Grande permeable zone
and Atlantic City 800-foot sand of the Kirkwood Forma-
tion downdip. As part of the Kirkwood-Cohansey aquifer
system, the aquifer extends as much as 35 mi beyond the
updip limit of the overlying confining unit, and directly
underlies the upper Chesapeake aquifer (Zapecza, 1989,
pl. 5, L-L', L'-A’; pl. 23). Where the confining unit is
absent (pl. 4B), the top of the lower Chesapeake aquifer
is determined by the updip projection of the approximate
horizon of the overlying confining unit.

The lower Chesapeake aquifer underlies most of the
New Jersey Coastal Plain and the Delmarva Peninsula.
In North Carolina, the aquifer is limited to an area
around the Albemarle and Pamlico Sounds. It is absent in
Virginia and Maryland west of the Chesapeake Bay. Its
extent and altitude are shown on plate 6B. Near its
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northwestern limit in Maryland and Delaware, the per-
meable zones of the aquifer are truncated and directly
overlain, together with the upper Chesapeake aquifer,
by the surficial aquifer in an area shown on plate 6B as
“subcrop of lower Chesapeake aquifer under surficial
aquifer.” Stratigraphic equivalents of the sediments
making up the aquifer extend into southern Maryland
but are too fine grained and low in permeability to be
congidered part of the regional aquifer.

The lower Chesapeake aquifer in North Carolina con-
sists primarily of fine to medium phosphatic marine
sands with shells and occasional beds of limestone and of
very fine to fine sand in Virginia. In Maryland and
Delaware, the permeable zones consist of medium to
coarse sand with shells and traces of gravel, and in New
Jersey, the aquifer is composed of fine to medium sand
interbedded with coarse sand and gravel.

The average thickness of the lower Chesapeake aqui-
fer penetrated by wells is about 50 ft in North Carolina,
275 ft on the Delmarva Peninsula, and 200 ft in New
Jersey. (The average thickness for the Delmarva Penin-
sula includes a substantial amount of material of low
permeability between the local Frederica, Federalsburg,
and Cheswold aquifers, and the New Jersey thickness
includes confining material in the downdip area of the
Kirkwood Formation.)

The transmissivity of the lower Chesapeake aquifer
generally ranges up to about 8,000 ft%day in North
Carolina, 4,000 ft?day on the Delmarva Peninsula, and
10,000 ft*/day in New Jersey.

CASTLE HAYNE-PINEY POINT AQUIFER AND ITS
OVERLYING CONFINING UNIT

Confining Unit. —The Castle Hayne-Piney Point aqui-
fer is overlain by a confining unit consisting of clay and
sandy clay, generally of Miocene age. The confining unit
is thin in North Carolina, where it consists mostly of the
lower part of the Pungo River Formation. In Virginia,
Maryland, and Delaware, it consists of silty, diatoma-
ceous clay of the Calvert Formation and also of Oligocene
silt (Benson and others, 1985, pl. 3). In Maryland, west of
Chesapeake Bay, it includes sediments of the lower part
of the Chesapeake Group that are, in part, the strati-
graphic equivalents of permeable zones in the lower
Chesapeake aquifer on the Delmarva Peninsula. In New
Jersey, the confining unit consists primarily of the silty
basal clay of the Kirkwood Formation, but it may also
include unnamed Oligocene and lower Miocene beds that
may be equivalent to the Old Church Formation in
Virginia.

The extent and thickness of the confining unit overly-
ing the Castle Hayne-Piney Point aquifer are shown in
plate TA. In North Carolina, it is generally less than 50
ft thick; from Virginia northward, it is 100 to 250 ft thick
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over more than half its area. The leakance ranges from
about 1x107° to 1x10™* (ft/day)/tt.

Aquifer.—~The Castle Hayne-Piney Point aquifer
(pl. 3) comprises permeable zones of the Eocene Castle
Hayne Limestone and the lithologically similar Oligocene
River Bend Formation in North Carolina, the upper
Oligocene-lower Miocene Old Church Formation and
Eocene Chickahominy and Piney Point Formations in
Virginia, and the Piney Point and Oligocene and lower
Miocene sediments (Old Church Formation(?)) in Mary-
land, Delaware, and New Jersey. The extent and corre-
lation of the Old Church Formation (Ward, 1984, 1985)
have not been studied sufficiently to determine how
much of the Castle Hayne-Piney Point aquifer is Oligo-
cene from Virginia northward. Examples of the subsur-
face occurrence of possible Old Church Formation north
of Virginia include Oligocene beds in New Jersey (J.P.
Owens, U.S. Geological Survey, oral commun., Feb. 19,
1985) and a zone at the top of the Piney Point Forma-
tion in Delaware that Benson and others (1985,
p- 4546, pl. 3) interpreted as having been reworked
during an Oligocene-Miocene transgression.

The aquifer extends about two-thirds of the distance
from the coast to the limit of the Coastal Plain aquifer
system from Virginia through New Jersey (pl. 4B,C),
but only about half the distance or less in North Carolina
(pls. 4D and 7B). Outlying erosional remnants of Castle
Hayne Limestone were not included in the regional
aquifer. A downdip change to a clay facies marks its
eastern limit (pl. 7B) on the Delmarva Peninsula (Cush-
ing and others, 1973, pl. 5; Williams, 1979, p. 9).

The aquifer consists of limestone, including calcirudite
and calcarenite, sandy marl, and fine to coarse calcareous
sand in North Carolina, and fine to coarse glauconitic
sand with disseminated shells and indurated shell beds
from Virginia through New Jersey. The average thick-
ness of the Castle Hayne-Piney Point aquifer penetrated
by wells is about 185 ft in North Carolina, 60 ft in
Virginia, 150 ft in Maryland and Delaware, and 125 ft in
New Jersey.

Transmissivity of the Castle Hayne-Piney Point aqui-
fer ranges up to about 70,000 ft*/day in North Carolina
and generally to 5,000 ft¥day from Virginia to New
Jersey (in central Delaware, to 7,350 ft®/day, according
to Leahy (1979, p. 14, table 3)).

BEAUFORT-AQUIA AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit.—The confining unit overlying the
Beaufort-Aquia aquifer consists primarily of Paleocene
and Eocene sediments of low permeability. It is made up
of silt, clay, and sandy clay of the upper part of the
Beaufort Formation and possibly some younger beds in
North Carolina and the Marlboro Clay and the lower part
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of the Nanjemoy Formation in Virginia, Maryland, and
Delaware. In New Jersey, it consists of the Manasquan
and Shark River Formations and the upper part of the
Vincentown Formation, as well as the entire thickness of
the Vincentown downdip.

The extent and thickness of the confining unit are
shown on plate 8A. Its thickness is less than 50 ft over
most of the Coastal Plain of North Carolina but increases
irregularly northward to more than 900 ft at the southern
tip (Cape May) of New Jersey. The leakance ranges from
about 1x1078 to 1x107° (ft/day)/ft.

Agquifer.—The Beaufort-Aquia aquifer (pl. 3) is made
up of permeable beds of Paleocene age. It includes the
greater part of the Beaufort Formation in North Caro-
lina and sands in the Aquia Formation in Virginia and
Maryland, in the Rancocas Group in Delaware, and in the
Vincentown Formation in New Jersey. In North Caro-
lina and Virginia, it consists of fine to medium glauconitic
marine sand with thin shell and limestone beds. In
Maryland and Delaware, it is predominantly medium to
coarse glauconitic sand with disseminated lignite frag-
ments and shell beds. Thin shell and sandstone beds
locally are cemented by calcite. In New Jersey, the
aquifer consists of sparsely glauconitic quartz sand and
fossiliferous, calcareous quartz sand. Its southeastern
boundary from southeastern Virginia and across the
Delmarva Peninsula is a clay facies of the Aquia Forma-
tion (Hansen, 1974, p. 32-37, figs. 9, 26-27; Chapelle and
Drummond, 1983, p. 12, figs. 3-4). In New Jersey, the
aquifer consists of a narrow band of sand bounded on the
northwest by its outcrop and on the southeast by a clay
facies (Zapecza, 1989, p. B15-B16, pl. 19).

The extent and altitude of the aquifer are shown on
plate 8B. The average thickness of the Beaufort-Aquia
aquifer penetrated by wells is about 90 ft in North
Carolina, 45 ft in Virginia, 120 ft in Maryland and
Delaware, and 70 ft in New Jersey. Transmissivity is
generally less than 2,000 ft?day but ranges up to about
5,000 ft?day on the Delmarva Peninsula (Maryland).

PEEDEE-SEVERN AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit.—The Peedee-Severn aquifer is over-
lain by a confining unit of marine silt, clay, and glauco-
nitic sand of low permeability. In North Carolina, the
confining unit consists of clay, in part silty and sandy,
that may be either of Late Cretaceous or Tertiary age. In
Maryland and Delaware, it consists of silt and clay of the
Cretaceous Severn Formation and the Paleocene Bright-
seat Formation and is traced beyond the limits of the
Peedee-Severn aquifer. In New Jersey, it consists pri-
marily of silty and clayey glauconitic quartz sand of the
Monmouth Group.
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The confining unit overlying the Peedee-Severn aqui-
fer is extended to include the confining material overly-
ing the Magothy aquifer of Long Island because the
aquifer there includes stratigraphic equivalents of the
Peedee-Severn and Black Creek-Matawan, with no
extensive intervening confining beds. On Long Island,
the confining unit consists primarily of the Gardiners
Clay and other Pleistocene glacial deposits of low perme-
ability, but possibly includes Cretaceous clay.

The thickness and extent of the confining unit overly-
ing the Peedee-Severn aquifer and, on Long Island, the
Magothy aquifer are shown on plate 9A. It is generally
less than 100 ft thick but is as much as 220 ft thick in
central Delaware and 486 ft in a channel on western Long
Island. The leakance generally ranges from 1x107° to
1x107° (ft/day)/ft, except on Long Island, where it
ranges from 1x1075 to 1x1072 (ft/day)/ft.

Agquifer.—The Peedee-Severn aquifer is the upper-
most regional aquifer in the Coastal Plain composed of
Cretaceous sediments. It consists largely of permeable
sand in the marine Peedee Formation in North Carolina,
the Severn Formation in northern Maryland, the Mount
Laurel Sand in Delaware, and the Wenonah Formation
and Mount Laurel Sand in New Jersey. It is absent in
Virginia, southern Maryland, and Long Island (pl. 9B).

The Peedee-Severn aquifer in North Carolina consists
of gray, fine to medium sand interbedded with gray to
black marine clay and silt and in places with impure
limestone. Shells are common, and the sand contains
varying percentages of glauconite. In Maryland and
Delaware, it consists generally of reddish-brown, fine-
grained, silty, glauconitic sand but is locally poorly
sorted. In New Jersey, the Peedee-Severn aquifer is
equivalent to the local Wenonah-Mount Laurel aquifer,
and it is also glauconitic but generally coarser there than
in Delaware.

The average thickness of the Peedee-Severn aquifer
penetrated by wells is about 95 ft in North Carolina, 80
ft in Maryland, 100 ft in Delaware, and 80 ft in New
Jersey. Transmissivity of the freshwater part of the
aquifer ranges up to about 10,000 ft*day in North
Carolina but is generally less than 2,000 ft%day from
Maryland to New Jersey.

BLACK CREEK-MATAWAN AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit.—The Black Creek-Matawan aquifer
is overlain by a confining unit consisting primarily of
Upper Cretaceous marine clay and siit. In North Caro-
lina, the upper part of the Black Creek Formation
constitutes most of the confining unit, but Tertiary
sediments, such as parts of the Beaufort and Yorktown
Formations, also make up part of it where intervening
aquifers are absent. In Maryland and Delaware, the
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confining unit is composed of clay and silt of the Matawan
and Severn Formations. In New Jersey, it consists of the
glauconitie silt and sand of the Marshalltown Formation
and micaceous, silty, glauconitic, fine sand of the
Wenonah Formation. The confining unit has been traced
beyond the limits of the Black Creek-Matawan aquifer
from New Jersey through Maryland. Its extent and
thickness are shown on plate 10A. The leakance gener-
ally ranges from 1x10~7 to 1x10™* (ft/day)/ft and is
typically 1x107% to 1x107° (ft/day)/ft.

Aquifer.—The Black Creek-Matawan aquifer includes
permeable sand zones of Late Cretaceous age in the
lagoonal to marine Black Creek and fluvial Middendorf
Formations in North Carolina, the marine Matawan
Formation in Maryland and Matawan Group in Dela-
ware, and the marine and deltaic Englishtown Formation
of the Matawan Group in New Jersey (pl. 3). In Maryland
and Delaware, the Black Creek-Matawan aquifer is
recognized only in part of the northern Delmarva Penin-
sula (pl. 10B) and it is not recognized in Virginia. In the
northeastern New Jersey Coastal Plain, two sand bodies
of the Englishtown Formation are separated by clayey
silt, but the layers thin and are replaced by clay to the
south and southeast.

The sands that make up the Black Creek-Matawan
aquifer differ substantially in lithology. The sand in the
Black Creek Formation is characterized by its high
lignite content and is glauconitic, fossiliferous, and inter-
layered with gray clay. The Middendorf consists of
predominantly fine to medium sand containing clay frag-
ments, interbedded with light-colored and varicolored
clay. It is crossbedded and lenticular. Sand in the
Matawan Formation in Maryland and Delaware is dark
gray, fine, silty to clayey, and glauconitic; sand in the
Englishtown, however, is fine to medium and quartzose.

The average thickness of the Black Creek-Matawan
aquifer penetrated by wells is about 180 ft in North
Carolina and 55 ft in New Jersey. The aquifer is thin-
to-missing in Maryland and Delaware. Transmissivity of
the freshwater part of the aquifer ranges up to about
10,000 ft*/day in North Carolina but is generally less than
2,000 ft¥day in other parts of the study area.

MAGOTHY AQUIFER AND ITS OVERLYING CONFINING
UNIT

Confining Unit.—The thickness and extent of the
confining unit overlying the Magothy and the upper
Potomac aquifers are shown on plate 11A. The confining
unit is bounded on the southwest by a line representing
the approximate southwestern limit of the Magothy
aquifer; southwest of the line, the lines of equal thickness
show the thickness of the confining unit overlying the
upper Potomac aquifer. The southwestern limit of the
Magothy aquifer is also shown on plate 4A.
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In Maryland and Delaware, the confining unit com-
prises silt and clay of the upper part of the Magothy
Formation and the lower part of the overlying Matawan
Formation (Group). In New Jersey, it consists of glau-
conitic and micaceous clay and silt of the Merchantville
Formation and clayey silt of the Woodbury Clay of the
Matawan Group (pl. 3).

South of Long Island, N.Y., the leakance of the
confining unit generally ranges from 1x10~7 to 1x10~*
(ft/day)/ft and is typically 1x107° (ft/day)/ft. The confin-
ing unit overlying the Magothy aquifer on Long Island is
depicted on plate 9A as an extension of the confining unit
overlying the Peedee-Severn aquifer.

Aquifer.—The Magothy aquifer extends northward
from Maryland to Long Island. It includes the principal
permeable zones in (1) the Upper Cretaceous, fluvial to
marginal-marine Magothy Formation in Maryland and
Delaware, (2) the Magothy Formation (where it is rec-
ognized) or the upper part of the Magothy and Raritan
Formations and Potomac Group, undifferentiated, in
New Jersey, and (3) the Monmouth Group, undifferenti-
ated, and Magothy Formation and Matawan Group,
undifferentiated, on Long Island (pl. 3). The extent of
the Magothy aquifer and altitude of its upper surface, as
well as the extent and altitude of the upper Potomac
aquifer, are shown on plate 11B. The northeast boundary
of the upper Potomac aquifer is close to the southwest
boundary of the Magothy aquifer; present data show no
area of overlap.

On Long Island, Monmouth and Matawan sediments
included in the Magothy aquifer (Perlmutter and Todd,
1965) are in part stratigraphically equivalent to the
Peedee-Severn aquifer and underlying Black Creek-
Matawan aquifer, but they do not constitute separate
hydrogeologic units. Getzen (1977, p. 19) used three
electric analog-model layers to represent the Magothy
aquifer on Long Island, but these do not correspond to
stratigraphic subdivisions. The regional flow model for
this study (Leahy and Martin, in press) follows Getzen’s
subdivisions of the Magothy aquifer. However, in this
report, the Magothy aquifer of Long Island is treated as
part of the regional Magothy aquifer and is not differen-
tiated into three layers (pl. 3).

The regional Magothy aquifer includes glacial sand and
gravel on Long Island (for example, the local Jameco
aquifer) and other overlying permeable sediments where
there is no effective intervening confining bed. It also
includes permeable material underlying the Magothy
Formation, such as the local Sayreville Sand Member of
the Raritan Formation in New Jersey. The aquifer is
truncated in southern Maryland (Hansen, 1978), and its
southwestern limit approximately coincides with the
northeastern limit of the upper Potomac aquifer. Plates
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4A and 11B show the Magothy aquifer separated later-
ally from the upper Potomac, an interpretation that does
not violate available data.

The Magothy aquifer typically consists of well-
stratified to crossbedded, very fine to medium quartz
sand, with abundant discontinuous layers of carbona-
ceous, clayey silt. Coarse to very coarse sand and gravel
are found in the thicker parts of the Magothy Formation
and are associated with fluvial deposition (Hansen,
1972b, p. 51). Along its outcrop, the thickness of the
formation ranges from about 20 ft in Maryland to 330 ft
in New Jersey (Owens and others, 1977, p. 16-17), and
the Magothy Formation and Matawan Group, undiffer-
entiated, is as much as 1,100 ft thick on Long Island
(Perlmutter and Todd, 1965, p. 3). The average thickness
of the Magothy aquifer penetrated by wells is about 75 ft
in Maryland and Delaware, 100 ft in New Jersey, and 460
ft on Long Island.

Transmissivity of the freshwater section ranges up to
about 6,000 ft?/day in Maryland, 3,000 ft?day in Dela-
ware, 10,000 ft?/day in New Jersey, and 56,000 ft%day on
Long Island.

UPPER POTOMAC AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit.—The confining unit overlying the
upper Potomac aquifer consists of clay beds of Late
Cretaceous age in North Carolina and in Virginia south
of the limit of the local Brightseat aquifer (pl. 3).
In North Carolina, the confining unit includes silty and
sandy clay beds of the lower parts of the Middendorf
and Black Creek Formations, together with clay beds in
the uppermost Cape Fear Formation, especially down-
dip, where the Cape Fear thickens. South of the limit
of the Brightseat aquifer in Virginia, the confining
unit consists of micaceous, calcareous, slightly glauco-
nitic, silty, and sandy clay, which is highly expandable
(Brown and Silvey, 1977, p. 7). Where the local Bright-
seat aquifer forms the upper part of the regional aquifer
in the northern Virginia Coastal Plain (Meng and Harsh,
1988, figs. 15, 16) and in southern Maryland, the con-
fining unit is of Paleocene age and possibly Cretaceous
age and consists of micaceous silty clay and clayey silt
thinly interbedded with very fine sand (parts of the
Aquia and possibly the Potomac Formations in Virginia
and Aquia, Brightseat, and possibly Patapsco Forma-
tions in Maryland).

The thickness and extent of the confining unit are
shown on plate 11 A. Between the lines representing the
approximate limits of the underlying local Brightseat
aquifer in Virginia and Maryland, lines of equal thickness
show the thickness of the confining unit overlying this
zone of the regional aquifer. South of this area, lines of
equal thickness apply to the confining material above the
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main body of the aquifer. To the northeast, they refer to
the confining unit overlying the Magothy aquifer. The
thickness of the confining unit is generally less than 50 ft
except near the South Carolina State line, where it
locally exceeds 150 ft, and along the North Carolina
coast, where it is as much as 290 ft. The leakance
generally ranges from 11077 to 1x 1072 (ft/day)/ft and is
typically 1x107° to 1x107° (ft/day)/ft.

Aquifer.—The upper Potomac aquifer consists of
Upper Cretaceous marine and marginal-marine sands
from North Carolina to the central Virginia Coastal
Plain, but in northern Virginia it consists of two sand
bodies separated by a confining unit. Meng and Harsh
(1988, p. C41-C42) named the upper body the Brightseat
aquifer and referred to the lower body as the upper
Potomac aquifer. Their correlation of the upper body
with the Brightseat Formation of Paleocene age was
based on Hansen and Wilson’s (1984, p. 13-15, fig. 5)
assignment, on sparse palynologic evidence, of an
early(?) Paleocene age to the section containing the
aquifer in a well in southern Maryland. (Recent work on
cores from two test holes, one in northern Virginia and
the other in southern Maryland, has identified fossil
pollen and spores of late Early Cretaceous (Albian) age
(D.J. Nichols, U.S. Geological Survey, written com-
mun., 1985; Ronald Litwin, U.S. Geological Survey,
written commun., 1987) in deposits that are designated
the Brightseat aquifer in this report. This indicates that
the Brightseat aquifer does not correlate with the
Brightseat Formation.) In Maryland, only the upper
member (local Brightseat aquifer) of the regional upper
Potomac aquifer is recognized.

The extent of the aquifer and altitude of its upper
surface, together with the boundaries of the Magothy
aquifer and the local Brightseat aquifer, are shown in
plate 11B.

In North Carolina, the upper Potomac aquifer com-
prises the upper part of the Upper Cretaceous Cape Fear
Formation, which consists mostly of alternating beds of
nonfossiliferous fine to medium sand and clay. In the
Virginia Coastal Plain, the main body of the aquifer
includes sand interbedded with clay in the upper part of
the Potomac Formation, the age of which has been
determined by pollen analysis to be early Late Creta-
ceous (Cenomanian, palynostratigraphic zones III and
IV) in several wells (Meng and Harsh, 1988, p. C38,
fig. 13). (However, in the area where it underlies the
Brightseat aquifer, it must be no younger than late Early
Cretaceous if the Brightseat aquifer is Albian in age, as
discussed earlier.) The sand consists of very fine to
medium quartz grains, with micaceous and carbonaceous
material; the clay is silty, micaceous, and carbonaceous.
In northern Virginia and southern Maryland, the local
Brightseat aquifer consists of interbedded fine, well-
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sorted sand and dark, micaceous, silty clay. The sand is
glauconitie in part, and both the sand and the clay contain
lignite fragments and sparse shells. The lithology of the
part of the regional aquifer underlying the Brightseat
aquifer in Virginia is similar to that of the undivided
aquifer farther south.

In Maryland west of Chesapeake Bay, well 218 pene-
trated 245 ft of the aquifer, and well 226 on the Delmarva
Peninsula penetrated 75 ft (appendix). The average
thickness penetrated by wells is about 95 ft in Virginia
and 160 ft in North Carolina.

Transmissivity of the freshwater section ranges up to
about 6,000 ft*/day in North Carolina, 3,000 ft?/day in
Virginia, and 1,000 ft*day in adjoining Maryland.

MIDDLE POTOMAC AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit.—The confining unit overlying the
middle Potomac aquifer in North Carolina is composed of
clay and sandy clay beds of the Cape Fear Formation,
except where the upper Potomac aquifer is missing,
chiefly in the northwestern North Carolina Coastal
Plain. There the confining unit may consist, in part, of
Tertiary clayey sediments. In most of Virginia, the
confining unit consists of Lower Cretaceous clayey beds,
predominantly of palynostratigraphic zone 11, with zone
III (lower Upper Cretaceous) on the Delmarva Penin-
sula. The clay beds are typically varicolored and contain
expandable illite-smectite clay minerals.

Plate 12A shows the extent and thickness of the
confining unit. Over most of the North Carolina and
Virginia Coastal Plain, its thickness is less than 100 ft,
but it increases to more than 700 ft at the southern tip of
New Jersey (Cape May) and is more than 150 ft over
most of the Coastal Plain of Delaware, New Jersey, and
New York (Long Island).

On plate 124, dashed lines of equal thickness on the
lower Delmarva Peninsula indicate an area of change in
the stratigraphic position of the underlying aquifer.
South of the area of dashed lines, the confining unit
consists of low-permeability beds that underlie lower
Upper Cretaceous (Cenomanian) permeable sands and
overlie Lower Cretaceous sands; to the north, in the
Eastern Shore of Maryland and Delaware, the confining
unit overlies Cenomanian sands. This is shown diagram-
matically in plate 4A by a shift in the stratigraphic
position of the confining unit where the section underlies
Chesapeake Bay.

Throughout most of the western shore of Maryland,
the Cenomanian is missing, and the confining unit com-
prises clayey beds between the Lower Cretaceous mid-
dle Potomac aquifer and the next overlying aquifer: the
upper Potomac, the Magothy, or the Beaufort-Aquia
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aquifer. The age of the sediments constituting the con-
fining unit in this area may range from Early Cretaceous
to Paleocene (pl. 3).

In New Jersey, the confining unit overlying the middle
Potomac aquifer consists of the upper part of the Raritan
Formation (the Woodbridge Clay Member where recog-
nized) or approximate stratigraphic equivalents in the
Magothy and Raritan Formations and Potomac Group,
undifferentiated. Throughout much of New Jersey, espe-
cially more than about 12 mi downdip from the outerop of
the Potomac Group, the boundaries of the confining unit
are indistinct. Its top and bottom have been selected to
include less permeable sand per unit thickness than the
aquifers above and below.

On Long Island, N.Y., the confining unit consists
primarily of the upper clay member of the Raritan
Formation, which is composed of laminated, silty clay
with intercalated sand lenses and lignite seams (Suter
and others, 1949, p. 17). In places along its northern
limit, the middle Potomac (local Lloyd) aquifer extends
beyond the limit of the overlying Magothy aquifer and is
incised by channels (McClymonds and Franke, 1972, pls.
24, 3A). The channels are filled with the surficial aqui-
fer, which varies in lithology and permeability (Soren,
1978, p. 10-11, pl. 1, C-C’; Getzen, 1977, fig. 4, A-A’,
B-B', E-E'), and may locally confine the aquifer,
depending on the contrast in permeability. The leakance
generally ranges from 1x1077 to 1x10™* (ft/day)/ft. The
higher values are found in the updip areas, where the
confining unit is thinner.

Aguifer.—The middle Potomac aquifer (pl. 3) consists
principally of the lower part of the Upper Cretaceous
Cape Fear Formation in North Carolina; the middle part
(Lower Cretaceous) of the Potomac Formation in Vir-
ginia; most of the Upper and Lower Cretaceous Patapsco
Formation and its approximate equivalents in the undif-
ferentiated Potomac Group in Maryland; and the upper
part of the Potomac Formation in Delaware. It also
consists of the permeable section in the Upper Creta-
ceous Raritan Formation and the middle part of the

., Potomac Group and Raritan and Magothy Formations,
undifferentiated, in New Jersey; and the Lloyd Sand
Member of the Raritan Formation on Long Island.

The extent of the middle Potomac aquifer and altitude
of its upper surface are shown on plate 12B. In North
Carolina, the aquifer is made up of fine to medium sand
of nearshore marine origin, with some coarse sand and
gravel, and feldspathic sand and silty clay of continental
origin. In Virginia, Maryland, and Delaware, the aquifer
consists of fluvial fine to coarse sand, predominantly
medium, interlensing with silt and clay. Sundstrom and
others (1967, p. 18) characterized the Potomac Forma-
tion in Delaware (and consequently both the middle
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and lower Potomac aquifers of this study) “as a clay-
silt matrix with many relatively small sand bodies
interspersed.”

In Virginia, Meng and Harsh (1988, p. C36) defined the
middle Potomac aquifer as upper Lower Cretaceous
(palynostratigraphic zone II) sand beds. On the Del-
marva Peninsula in Maryland and around the north end
of Chesapeake Bay, lower Upper Cretaceous (Cenoman-
ian) sand bodies appear to be hydraulically connected
more closely to underlying Lower Cretaceous Patapsco
sands than to the overlying Magothy aquifer and there-
fore are included in the middle Potomac aquifer. Clayey
sediments separating Cenomanian sands from Lower
Cretaceous sands are more prominent farther south in
Virginia, and consequently there the Cenomanian sand is
included in the upper Potomac aquifer rather than in the
middle Potomac aquifer. The area over which the change
occurs is indicated by dashed contours on plate 12B (see
also plate 4A), which extend a short distance into Vir-
ginia to include the J & J Enterprises, Emmitt G. Taylor
no. 1 well (well 249, in the appendix and on plate 1A4).
The well is near the southern limit of the area in which
the sand bodies being discussed are assigned to the
middle Potomac aquifer.

In New Jersey, the middle Potomac aquifer consists of
lenticular sand bodies interbedded with clay and silt. It is
predominantly fluvial in origin, except for marine beds
along the coast. It includes the Farrington aquifer (com-
posed principally of the Farrington Sand Member of the
Raritan Formation in the Raritan Bay area), which was
described by Farlekas (1979, p. 8-9) as predominantly
fine to coarse sand with lignite and pyrite. It also
includes glacial outwash gravel and other overlying
materials in direet hydraulic contact. Outside of the
Raritan Bay area, the Raritan Formation cannot be
distinguished from the Potomac Group on the basis of
lithology, but Farlekas and others (1976, p. 22) divided
the Potomac-Raritan-Magothy section into lower, mid-
dle, and upper aquifers around Camden, N.J. This
subdivision was extended by Zapecza (1989) and, for
modeling purposes, further extended by Martin (1987) to
the rest of the New Jersey Coastal Plain.

On Long Island, the middle Potomae aquifer consists
primarily of the Lloyd Sand Member of the Raritan
Formation. It is composed of discontinuous beds of fine
to coarse sand and gravel with interbedded clay and silt.
The sediments are of fluvial and deltaic origin. The
aquifer also includes sand and gravel of glacial origin
overlying it where there is no intervening effective
confining bed.

The average thickness of the middle Potomac aquifer,
as penetrated by wells, is about 285 ft in North Carolina,
350 ft in Virginia, 770 ft in Maryland and Delaware,
245 ft in New Jersey, and 225 ft on Long Island.
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Transmissivity of the freshwater section ranges up to
about 8,000 ft*day in North Carolina; 16,000 ft*day in
Virginia, Maryland, Delaware, and New York; and
21,000 ft?day in New Jersey.

LOWER POTOMAC AQUIFER AND ITS OVERLYING
CONFINING UNIT

Confining Unit.—The confining unit overlying the
lower Potomac aquifer is composed generally of clay and
sandy clay beds in the upper part of the Lower Creta-
ceous section or basal part of the Upper Cretaceous
section. In Virginia and Maryland, the confining unit
corresponds to the Arundel Formation and its approxi-
mate stratigraphic equivalents, and its clay is described
as typically “tough” or hard (Meng and Harsh, 1988,
p- C36; Vroblesky and Fleck, in press). In New Jersey,
the confining unit consists predominantly of silt and clay
of the Potomac Group and Raritan Formation and gen-
erally thickens eastward (pl. 13A). It was correlated with
a relatively high degree of confidence for a distance of
about 12 mi from its updip limit by Zapecza (1989) and
was extended beyond this limit for simulation purposes
by Martin (1987). The thickness of the confining unit is
generally less than 100 ft in North Carolina and Virginia
and is less than 50 ft in about half of its extent in these
States. It increases from all landward directions toward
the mouth of Delaware Bay, where it exceeds 1,000 ft.
The leakance generally ranges from 1x107% to 1x10™*
(ft/day)/ft.

Aguifer.—The lower Potomac aquifer (pl. 3) is the
lowermost aquifer that contains freshwater in the
Coastal Plain aquifer system. It consists predominantly
of Lower Cretaceous sediments, which are typically of
fluvial and deltaic origin. It may also include sediments of
Jurassic age, particularly along the coast. In North
Carolina, the aquifer includes both marine and nonma-
rine sediments, with the proportion of marine beds in the
section, including limestones, increasing seaward. The
freshwater section of the aquifer in North Carolina is
restricted to a small area south of the Virginia border,
where lenses of mostly fine to medium sand are inter-
bedded with clayey and silty material. Along the coast,
where the aquifer contains saltwater, it has not been
mapped in detail. The extent of the aquifer and altitude
of its top are shown in plate 13B.

The lower Potomac aquifer was defined in Virginia by
Meng and Harsh (1988, p. C34) to include sandy sedi-
ments of palynostratigraphic zone I and prezone I (early
to middle Early Cretaceous age) in the Potomac Forma-
tion. It consists of massive lenses of predominantly
medium to very coarse quartz sand with a substantial
percentage of interstitial clay interbedded with clay and
gravel. The sediments are typically arkosic and locally
are lignitic, micaceous, and rarely glauconitic. Glauco-
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nite, indicative of marine origin, .was identified in a core
from the lower part of the Potomac section in a well as far
inland as 87 mi in northern Virginia (well 237, in the
appendix and on plate 1) (Reinhardt and others, 1980,
p- 38, 44, 46, fig. 2).

In Maryland, in and adjoining the outcrop area of the
Potomac Group, the aquifer is essentially equivalent to
the Patuxent Formation of the Potomac Group (Hansen,
1968, p. 19-20). Downdip from the area in which the
Patuxent Formation is traceable, the aquifer comprises
the lower dominantly sandy zone of the Potomac Group,
undifferentiated.

In Delaware, the aquifer corresponds generally to the
lower hydrologic zone of the Potomac Formation (Sund-
strom and others, 1967, p. 21). In Maryland and Dela-
ware, it is almost entirely of fluvial and deltaic origin,
although Groot (1955, p. 103) interpreted some of the
deposits to be of estuarine and lagoonal origin and Doyle
and Robbins (1977, p. 71-72) reported marine dinoflag-
ellates in sediments constituting part of the lower Poto-
mac aquifer in the Socony Oil, Bethards 1, well on the
Delmarva Peninsula (well 215, in the appendix and on
plate 14).

In Maryland and Delaware, the aquifer consists of
lenses of sand and gravel with intervening layers of
clayey and silty material. Around Baltimore, permeable
sand zones constitute more than 60 percent of its thick-
ness and gravel beds are common; however, sand beds
constitute only about 20 percent of the aquifer in the
southwestern part of the Maryland Coastal Plain (Vro-
blesky and Fleck, in press). As with the middle Potomac
aquifer, the lower Potomac aquifer comprises greater
thicknesses of clay-silt matrix than of permeable sand in
most of the Delaware Coastal Plain. The sand is typically
medium to coarse and often pebbly, with interstitial clay.

In New Jersey, the lower Potomac aquifer comprises
sediments in the lower part of the Potomac Group and
Raritan and Magothy Formations, undifferentiated. It
corresponds to the lower aquifer of the Potomac-Raritan-
Magothy aquifer system, as discussed in the section on
the middle Potomac aquifer. In wide areas of the New
Jersey Coastal Plain, it is lithologically indistinguishable
from the middle aquifer of the Potomac-Raritan-
Magothy aquifer system, and it is similar to the lower
Potomac aquifer in Maryland and Delaware. In the area
within 8 to 12 mi from its updip limit, permeable sand
bodies constitute more than 70 percent of the aquifer
thickness. The total thickness increases downdip
(Zapecza, 1989). Although the lower Potomac aquifer has
not been studied in detail eastward from this updip band,
Martin (1987) extended the subdivision of the Potomac-
Raritan-Magothy aquifer system to the coast (pl. 45).
The aquifer is absent in the northern third of the New
Jersey Coastal Plain and from Long Island (pl. 13B).
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The average thickness of the interval between the top
of the lower Potomac aquifer and the basement pene-
trated by wells is about 285 ft in North Carolina, 525 ft in
Virginia, 935 ft in Maryland and Delaware, and 345 ft in
New Jersey. The wells used to derive the averages
generally are concentrated in the updip area, where the
aquifer is thinnest. Especially in the downdip area, the
thicknesses making up these averages may include mate-
rial that effectively is not part of the lower Potomac
aquifer: clay between the deepest permeable sand and
basement and also saltwater aquifers such as the Waste
Gate aquifer.

Transmissivity of the freshwater section generally
ranges up to about 8,000 ft?/day in Virginia, 6,000 ft%day
in Maryland, 4,000 ft?/day in Delaware, and 10,000
ft¥day in New Jersey.

SEDIMENTS UNDERLYING THE LOWER POTOMAC
AQUIFER

Sediments underlying the lower Potomac aquifer
include clay and silt, which are not aquifer material, and
at least one brine aquifer: the Waste Gate aquifer on the
Delmarva Peninsula (pls. 3 and 4C). Hansen (1982, 1984)
assigned his Waste Gate Formation to the lowermost
Potomae Group and regarded it (Hansen, 1982, p. 32, 40,
45) as isolated from the freshwater-flow system. No
further effort has been made in this study to differentiate
the Waste Gate aquifer or other brine aquifers from the
lower part of the lower Potomac aquifer.

Basal sedimentary clay and silt may not be readily
distinguishable from weathered bedrock, particularly
when only drill cuttings and geophysical logs are avail-
able as evidence. Basal sedimentary clay and basement,
weathered or unweathered, may function as parts of the
confining unit underlying the Coastal Plain aquifer
system. :

SUMMARY

The sediments of the northern Atlantic Coastal Plain
were deposited on a basement surface that slopes gently
toward the ocean. Present knowledge suggests that the
basement rock is similar to the exposed rock of the
Piedmont Plateau, of which it is a continuation. Igneous
and metamorphic Precambrian and Paleozoic and rift-
basin Triassic and Jurassic sedimentary and volcanic
rocks have been mapped below the Coastal Plain sedi-
ments. These rocks are not included in this report.

The Continental Shelf is the submerged part of the
Coastal Plain. Although this report focuses on the emer-
gent area, the inner Continental Shelf and the bays and
estuaries are of interest with respect to freshwater-
saltwater boundaries. The thickness of the sediments on
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the emergent north Atlantic Coastal Plain ranges from
0 ft near the Fall Line to 10,000 ft at Cape Hatteras,
N.C., and to 8,000 ft along the coast of Maryland.
Offshore from New Jersey and the Delmarva Peninsula,
in the Baltimore Canyon Trough, the thickness of the
sediments exceeds 7.5 mi.

The sediments range in age from Jurassic to Holocene.
Upper Jurassic sediments have been identified in a few
wells near the coast, but mostly, the Jurassic sediments
are offshore and are not freshwater aquifers. In general,
the lowermost Coastal Plain deposits are fluvial or
fluviodeltaic in origin and contain discontinuous lenses of
sand, silt, clay, gravel, and minor amounts of lignite.
Younger deposits tend to overlap older ones. In the
Cretaceous section, there is a general upward and east-
ward transition from fluvial and fluviodeltaic to
marginal-marine to marine deposits. The marine parts of
the Cretaceous and lower Tertiary section consist prima-
rily of glauconitic sand, silt, clay, and limestone beds,
which are traceable over longer distances than are the
more lenticular nonmarine beds. The Tertiary sediments
are predominantly marine, except in parts of the upper
Miocene and Pliocene sections. The Pleistocene section
includes glacial drift on Long Island and marine, estuar-
ine, dune, and terrace deposits elsewhere. The Holocene
section includes alluvial, marine, beach, and dune
deposits.

For this study, the Coastal Plain sediments have been
subdivided into 11 regional aquifers separated by 9
confining units. The basis for definition of the aquifers is
continuity of permeability. In sedimentary rocks, the
direction of maximum permeability tends to follow beds
of sand, gravel, or limestone, which are approximately
parallel to the upper and lower boundaries of formations.
Adjacent permeable beds or those separated by only
minor thicknesses of material of low permeability, such
as clay or silt, may be considered parts of the same
aquifer. A regional aquifer may coincide with a recog-
nized local or subregional aquifer in one area and com-
prise several in another, or it may constitute only part of
a local aquifer.

Although the Coastal Plain aquifers encompass mate-
rials of relatively low permeability such as silt and clayey
sand, they are characterized primarily by permeable
sand, except for the Castle Hayne-Piney Point aquifer in
North Carolina, which consists of limestone and lime
sand.

The aquifers defined in this report are, from the
uppermost downward:
® Surficial—Quaternary and upper Tertiary marine

and nonmarine deposits, unconfined. It includes
the upper glacial aquifer of Long Island, which is
composed of Pleistocene glacial drift.
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® Upper Chesapeake—Pliocene and upper Miocene
mostly marine deposits.

Lower Chesapeake—Middle and lower Miocene
marine deposits.

Castle Hayne-Piney Point—Predominantly Eocene
with some Oligocene and lower Miocene marine
deposits.

Beaufort-Aquia—Paleocene marine deposits.

Peedee-Severn—Upper Cretaceous marine deposits
in North Carolina; absent in Virginia; marine
deposits from Maryland through New Jersey.

Black Creek-Matawan—Upper Cretaceous. Fluvial
to marine deposits in North Carolina; not recog-
nized in Virginia; predominantly marine deposits
from Maryland through New Jersey.

Magothy—Predominantly Upper Cretaceous and
marginal-marine to fluviodeltaic deposits. It
extends from southern Maryland through Long
Island. The Magothy aquifer on Long Island
includes stratigraphic equivalents of the Peedee-
Severn and Black Creek-Matawan aquifers and
also hydraulically connected Pleistocene sand and
gravel.

® Upper Potomac—Upper Cretaceous from North

Carolina through central Virginia; may include
Paleocene (?) and Lower Cretaceous beds in north-
ern Virginia and southern Maryland. Marine to
marginal-marine deposits.

® Middle Potomac—Straddles the Upper Cretaceous-

Lower Cretaceous boundary. Predominantly flu-
vial and deltaic deposits except in North Carolina,
where it is in predominantly nearshore marine
deposits. Includes Pleistocene sand and gravel in
hydraulie contact with underlying Cretaceous sand
in New Jersey and Long Island.

® Lower Potomac—Lower Cretaceous, except for some

possible Jurassic beds along the coast; predomi-
nantly fluvial and deltaic deposits, with some
marine beds, particularly along the coast.
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[Data from wells used to define the hydrogeologic framework of the northern Atlantic Coastal Plain]







G47

APPENDIX

62

6Y

80

8y

L9

Ly

90

v

18

19

[

]

S0

Sv

1 24)

v

€3

181

86

00T

22

1334 NI (°°°°20 'TJ) SLINN BNINIANOD 40 SISSINNOIHL ONV (°°°‘2v ‘Tv) SHIJINbY

T

11

G565~

8-

2v

10

-]

————]

J—

—-GY {JaJINDE UJBABG-2BPIRY--CY fJ433FnbE U
Y3JION RIUIBUTA Ut vegynbe dewoyod waddn
«Rasuap MaN ¢puels] BuoT ur Jasrnl

§29-

“gapo3 (e3fJaunu Buipuodsauuod ayj yitm sdaggnbe ayq Buifituaas sqjun ButurJuod IYp--*

‘2d

‘12
2

susginbe B1ITJING--01Y fJ4dInbe syesdesdy)y
aaddn--4y fJ9jInbe ayeadesay) JIN0Y--gY {J34Inbe quiogd Rautd-sufiey ajsed-~Ly tusginbe einby-quognedg

eAE EU-N39UD AIELG--pY f{#) NITJIIse YA puelfivey pue ceutlove)
1((#) AsyJeqse fiq pajestpur asaym 1dadxa) pueifiey pue <auemelag
be AYj0Be-~fy fJS4INDE Jewojogd SIPPIN--2V f4djinbe Jewojog gw304||—<_

0ST

T0° G26S€L00VVEOY

G26SEL/0tVEOY

©09 321 138Ny

6€

6%0T

10°200S€L0THVEOY

200SEL/THVEOY

AlddNS Y3LYM 40 °1d30 MYOA M3N

-3

oL

T0"852SELOSHYEOY

BG2SEL/SEYEOY

*00 ALIHM “d4°L

LE

OINIOIn

1621

T0° L2SECLOVESEOY

L2SEEL/YESEOY

"1SIO ¥3LYM LNOMNOOT LINIOd-0QIN

9¢

9101

10°625v€L0229€01

62SvEL/229E0Y

21419373 B SVD 0¥0aASNIIND

SE

00€

10° SSY2EL00S9E0Y

SSY2EL/0S9E0Y

NOILYIJOSSY HOV3E 09718 IS3M

ve

ot

SLE

10 ETETELOISLEOY

EIETEL/ISLEOY

€€

92t~

-1

1314

10 LSESELO6ZEEOY

LSESEL/6Z6EOY

13nd ONV 301 ALNNOD SONIM

2€

02

899

10°8IYEELOTSEEOY

BIYEEL/TS6EOY

L¥0d3a R4 40 FDVYTIIA

1€

ot

BEE

10°9TEVELOESEEOY

9ITEVEL/ESEEOY

MYOA MIN 40 ALID

[+]3

991~

SL1

10°SE6SELO2TOYOY

SE6SEL/ZTOVOY

‘00 AQ3NNIX "3 QIAVQ

62

829-

€2

189

T0°9TLYELOOYTHOY

9TLYEL/OVIVOY

“03 Y3ILVM VOIVWYC

Tie-

0s

698

10° €0¥YEL00020Y

EOYYEL/002Y0Y

‘00 Y3ILVM VIIVWYC

29

9ST

T0° YETEELOOEZYOY

906T-

Zvet

10°9vSS2L0SY2r0Y

YETEEL/OEZVOY

AlddNS Y3ILYM 40 °L1d3Q MYOA MaN

9vS52L/SPer0t

8€6-

59

€001

T0" €TLECLOIOEYOY

ETLEEL/IOEROY

QV3LSdW3H 40 39YT1TIA

TO€

10°9€8Y2L0LSYY0Y

9EBY2L/LSYYOY

ayvne LSvod ‘S'n

22t

L0z

10°2YvZELO9TSHOY

2YY2EL/ITSYOY

"d40d NVWWNYO

vit

g8

10 ¥EYEELOITSHOY

YEYEEL/ITSHOY

ST

081

10°02T0€L02550V

0ZT0€L/2SSYoY

641~

LE

0zz

T0°6€0SEL0959Y0Y

6€0S€EL /95901

ozt

8001

T0°LY9TELOTELYOY

LYITEL/TELYOY

IWLIdSOH ILVIS WIW91Id

085-

81

€S

T0"€S6€EL02GLY0Y

€S6EEL/2SLYOY

TI3M 1S3L VZV1d NATSOY

L:144

10°8Y9€2L0€TBYOY

8Y9E2L/ETBYOY

TIVWS-XI0T1TVH

GEZ-

18

ooe

10°EESYELOTYBYOY

EESYEL/TYBYOY

1831 AW3AVOY INIUVW INVHOYIW

09€

T10°202€2L0TE6VOY

202€2L/1€6H0Y

ayvne LSvod °s°n

vevi-

vET

08st

10" 65S0€L02E6VOY

6550€L/2€E6Y0Y

16£EEES T113M LS3L SBSN

T0ST-

14

6291

10° LESEZLOYZTSOY

LESEZL/Y2ISOY

ALIYOHLAY H3LVM ALNNOD X1034NS

YovT-

58

0091

T0°vE2G2L0E22S0Y

vE252L/€22500

AYOLYHOBY] TVNOILVYN NIAVHIOOYS

Sy~

S9v

T0"020€EELOLY2SOY

020€€L/Lb2S0Y

17335004 3

869~

28

06L

10" GEIZELOESZSOY

SE9ZEL/ESTSOY

ALIHOHLAY Y3LYM ALNAOD X1044nS

€2t

oL

10" €EYBIELO6ZESOY

€SBTEL/6ZESOY

IVLIJSOH SNVYILIA LHOHLIYON

9€

1544

T0°0€€22L0TTYSOY

0EE22L/TTYS0Y

HLIV3H 40 "1d30 ALNNOD %1044nS

BE6-

€91

121t

20°8520€L05SY S0t

9520€L/55YS0Y

HLT3H 40 "1d3d ALNNOD X1044nS

-]

0S€

T0"€¥22€££020950Y

€Y22€L/20950%

NIA3E °v°1

0€

00€

10°02812£0v0950V

02812L/¥0950Y

SNOS B QHOdJNVS

114

029

10° L€922£082950t

L£922L/82950¢

WIVS ¥313d

€18~

st

168

T0°EYYOELOTOLSOY

BYY0EL/TOLSOY

ONILHOIT ONVISI BNOT

219-

-]

T0°009T2L0StL0TY

009124/5vL0TY

NOISSIWWOD Mdvd 3ALviS "I

SINIMmMISIODIOINIO

v

40 S30NLILTV
ONVIS)

(1334)
ANLILWY
INIW3sva

ONOT

(1334)
ANLILTY
3vuns

(1334)
Hid3a
0398071

Y3ITWNN
AYOIN3ANI 3L1IS
YILYM-ONNOYD

(SONOD3S
‘SILNNIW_‘S334030)

IANLISNOT

/300111v7

Y3INMO MO ‘YIAWAN Y301 ‘IWVN

“ON
dvm



REGIONAL AQUIFER-SYSTEM ANALYSIS—NORTHERN ATLANTIC COASTAL PLAIN
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