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FOREWORD

The Ground Water Atlas of the United States presents a comprehensive summary of the
Nation's ground-water resources, and is a basic reference for the location, geography, geology,
and hydrologic characteristics of the major aquifers in the Nation. The information was col-
lected by the U.S. Geological Survey and other agencies during the course of many years of
study. Results of the U.S. Geological Survey's Regional Aquifer-System Analysis Program, a
systematic study of the Nation's major aquifers, were used as a major, but not exclusive, source
of information for compilation of the Atlas.

The Atlas, which is designed in a graphical format that is supported by descriptive discus-
sions, includes 13 chapters, each representing regional areas that collectively cover the 50
States and Puerto Rico. Each chapter of the Atlas presents and describes hydrogeologic and
hydrologic conditions for the major aquifers in each regional area. The scale of the Atlas does
not allow portrayal of minor features of the geology or hydrology of each aquifer presented, nor
does it include discussion of minor aquifers. Those readers that seek detailed, local information
for the aquifers will find extensive lists of references at the end of each chapter.

An introductory chapter presents an overview of ground-water conditions Nationwide and
discusses the effects of human activities on water resources, including saltwater encroachment

and land subsidence.
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CONVERSION FACTORS ATLAS ORGANIZATION

For readers who prefer to use the International System (SI) units, rather than the inch- The Ground Water Atlas of the United States is divided into 14 chapters. Chapter A presents

pound terms used in this report, the following conversion factors may be used: introductory material and nationwide summaries; chapters B through M describe all

e principal aquifers in a multistate segment of the conterminous United States; and chapter
N describes all principal aquifers in Alaska, Hawaii, and Puerto Rico.

Multiply inch-pound units By To obtain metric units
Hydrologic
Length Segment Chapter content Atlas
Number Chapter
inch (in) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m) —_— Introductory material and nationwide summaries 730-A
foot squared per day (ft?/d) 0.0929 meter squared per day (m?/d) 1 California, Nevada 730-B
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m?/s) 2 Arizona, Colorado, New Mexico, Utah 730-C
mile (mi) 1.609 kilometer (km) 3 Kansas, Missouri, Nebraska 730-D
square mile (mi?) 2.590 square kilometer (km?) 4 Oliiahioma. Taxas 730-E
Volame 5 Arkansas, Louisiana, Mississippi 730-F
6 Alab , Florida, G ia, South Caroli 730-
gallon per minute (gal/min) 0.06309 liter per second (L/s) S e.orgla ou arotmna Al
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m?/s) 7 Kahg; Degon, Wasiinghon H-H
billion gallons per day (Bgal/d) 3.785 million cubic meters per day (Mm?/d) 8 Montana, North Dakota, South Dakota, Wyoming 730-1
acre-foot per year 0.00003909 cubic meter per second (m?®/s) 9 lowa, Michigan, Minnesota, Wisconsin 730-J
acre-foot 1,233 cubic meter (m?) 10 lllinois, Indiana, Kentucky, Ohio, Tennessee 730-K
11 Delaware, Maryland, New Jersey, North Carolina, 730-L
Temperature e e
Pennsylvania, Virginia, West Virginia
degree Fahrenheit (°F) 5/9(°F - 32) = °C degree Celsius (°C) 12 Connecticut, Maine, Massachusetts, New Hampshire, 730-M
New York, Rhode Island, Vermont
Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD 13 Alaska, Hawaii, Puerto Rico 730-N

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."
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INTRODUCTION

Segment 11 consists of the States of Delaware, Maryland,
New Jersey, North Carolina, West Virginia, and the Common-
wealths of Pennsylvania and Virginia. All but West Virginia
border on the Atlantic Ocean or tidewater. Pennsylvania also
borders on Lake Erie. Small parts of northwestern and north-
central Pennsylvania drain to Lake Erie and Lake Ontario;
the rest of the segment drains either to the Atlantic Ocean or
the Gulf of Mexico. Major rivers include the Hudson, the Dela-
ware, the Susquehanna, the Potomac, the Rappahannock,

the James, the Chowan, the Neuse, the Tar, the Cape Fear,
and the Yadkin—Peedee, all of which drain into the Atlantic
Ocean, and the Ohio and its tributaries, which drain to the Gulf
of Mexico.

Although rivers are important sources of water supply for
many cities, such as Trenton, N.J.; Philadelphia and Pittsburgh,
Pa.; Baltimore, Md.; Washington, D.C.; Richmond, Va.; and
Raleigh, N.C., one-fourth of the population, particularly the
people who live on the Coastal Plain, depends on ground water
for supply. Such cities as Camden, N.J.; Dover, Del.; Salisbury
and Annapolis, Md.; Parkersburg and Weirton, W.Va.; Norfolk,
Va.; and New Bern and Kinston, N.C., use ground water as a
source of public supply.

All the water in Segment 11 originates as precipitation.
Average annual precipitation ranges from less than 36 inches
in parts of Pennsylvania, Maryland, Virginia, and West Virginia
to more than 80 inches in parts of southwestern North Caro-
lina (fig. 1). In general, precipitation is greatest in mountain-

Regional
summary

ous areas (because water tends to condense from moisture-
laden air masses as the air passes over the higher altitudes)
and near the coast, where water vapor that has been evapo-
rated from the ocean is picked up by onshore winds and falls
as precipitation when it reaches the shoreline.

Some of the precipitation returns to the atmosphere by
evapotranspiration (evaporation plus transpiration by plants),
but much of it either flows overland into streams as direct
runoff or enters streams as base flow (discharge from one or
more aquifers). The distribution of average annual runoff (fig.
2) is similar to the distribution of precipitation; that is, runoff
is generally greatest where precipitation is greatest. Runoff
rates range from more than 50 inches per year in parts of
western North Carolina to less than 12 inches in parts of North
Carolina, Virginia, and West Virginia.

Figure 1.

Figure 3. Segment 11 includes parts
of the Coastal Plain, the Piedmont, the Blue
Ridge, the New England, the Valley and
Ridge, the Appalachian Plateaus, and the
Central Lowland Physiographic Provinces.
Two of these provinces—the Blue Ridge
and the Reading Prong, which is part of the
New England Province—are discussed
together because they have similar geology
and hydrology.
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Fi ig ure 2. The patterns of average annual runoff from

1951 to 1980 are similar to those of precipitation.

Parts of the seven following physiographic provinces are
in Segment 11: the Coastal Plain, the Piedmont, the Blue
Ridge, the New England, the Valley and Ridge, the Appala-
chian Plateaus, and the Central Lowland. The provinces gen-
erally trend northeastward (fig. 3). The northeastern terminus
of the Blue Ridge Province is in south-central Pennsylvania,
and the southwestern part of the New England Province, the
Reading Prong, ends in east-central Pennsylvania. The topog-
raphy, lithology, and water-bearing characteristics of the rocks
that underlie the Blue Ridge Province and the Reading Prong
are similar. Accordingly, for purposes of this study, the hydrol-
ogy of the Reading Prong is discussed with that of the Blue
Ridge Province.

The Coastal Plain Province is a lowland that borders the
Atlantic Ocean. The Coastal Plain is as much as 140 miles
wide in North Carolina but narrows northeastward to New Jer-
sey where it terminates in Segment 11 at the south shore of
Raritan Bay. Although it is generally a flat, seaward-sloping
lowland, this province has areas of moderately steep local
relief, and its surface locally reaches altitudes of 350 feet in
the southwestern part of the North Carolina Coastal Plain.

The Coastal Plain mostly is underlain by semiconsolidated
to unconsolidated sediments that consist of silt, clay, and sand,
with some gravel and lignite. Some consolidated beds of lime-
stone and sandstone are present. The Coastal Plain sediments
range in age from Jurassic to Holocene and dip gently toward
the ocean.

The boundary between the Coastal Plain and the Pied-
mont Provinces is called the Fall Line (fig. 3) because falls and
rapids commonly form where streams cross the contact be-
tween the consolidated rocks of the Piedmont (fig. 4) and the
soft, semiconsolidated to unconsolidated sediments of the
Coastal Plain. The increase in stream gradient at the Fall Line
provided favorable locations for mills and other installations
that harnessed water power during the early years of the In-
dustrial Revolution, and on most major rivers, the Fall Line
coincides with the head of navigation.

Figure 4. Consolidated rocks that protrude above the
surface of the Delaware River mark the Fall Line at Trenton,
N.J. Only small, shallow-draft boats can navigate the river
upstream of the Fall Line.

The Piedmont Province is an area of varied topography
that ranges from lowlands to peaks and ridges of moderate
altitude and relief. The metamorphic and igneous rocks of this
province range in age from Precambrian to Paleozoic and have
been sheared, fractured, and folded. Included in this province,
however, are sedimentary basins that formed along rifts in the
Earth’s crust and contain shale, sandstone, and conglomerate
of early Mesozoic age, interbedded locally with basaltic lava
flows and minor coal beds. The sedimentary rocks and basalt
flows are intruded in places by diabase dikes and sills.

The mountain belt of the Blue Ridge Province forms the
northwestern margin of the Piedmont in most of Segment 11.
This belt consists mostly of igneous and high-rank metamor-
phic rocks but also includes low-rank metamorphic rocks of
late Precambrian age and small areas of sedimentary rocks of
Early Cambrian age along its western margin. In this report,
the Reading Prong of the New England Province, which is an
upland that extends from east of the Susquehanna River in
Pennsylvania northeastward into New Jersey (fig. 3), is treated
as part of the Blue Ridge Province. Part of the Reading Prong
in Pennsylvania and New Jersey and a small part of the Pied-
mont Province in northeastern New Jersey have been glaci-
ated. Glacial deposits completely or partly fill some of the
valleys, and the eroding action of the glacial ice removed some
of the rock from the ridges. Thus, the glaciated parts of the
province have a smoother topography and less relief than
other parts.

The Valley and Ridge Province is characterized by layered
sedimentary rock that has been complexly folded and locally
thrust faulted. As the result of repeated cycles of uplift and
erosion, resistant layers of well-cemented sandstone and con-
glomerate form elongate mountain ridges and less resistant,
easily eroded layers of limestone, dolomite, and shale form
valleys. The rocks of the province range in age from Cambrian
to Pennsylvanian. Parts of this province from central Pennsyl-
vania into New Jersey have been glaciated, and glacial depos-
its fill or partially fill some of the valleys.




The Appalachian Plateaus Province is underlain by rocks
that are continuous with those of the Valley and Ridge Prov-
ince, but in the Appalachian Plateaus the layered rocks are
nearly flat-lying or gently tilted and warped, rather than being
intensively folded and faulted. The boundary between the two
provinces is a prominent southeast-facing scarp called the
Allegheny Front in most of the northern part of Segment 11
(fig. 5) and the Cumberland Escarpment in the southern part.
The scarp faces the Valley and Ridge Province, and through-
out most of the segment, the eastern edge of the Appalachian
Plateaus Province is higher than the ridges in the Valley and
Ridge. Like parts of the Reading Prong and the Valley and Ridge
Province, the northern part of the Appalachian Plateaus Prov-
ince in Pennsylvania has been glaciated. In the glaciated sec-
tion, the surface is mantled by glacial drift, and the valleys are
partly filled with glacial deposits.

The northwestern corner of Segment 11 contains a small
part of the Central Lowland Province. This flat lowland is un-
derlain by gently dipping sedimentary rocks, some of which
are the same geologic formations as those of the Appalachian
Plateaus Province. The two provinces are separated by a north-
west-facing scarp. Because of the small area of the Central
Lowland Province within the segment and the similarity of
aquifer properties with those of the glaciated part of the Ap-
palachian Plateaus Province, the two provinces are discussed
together in this report.

Figure 5. The Allegheny Front,
which forms the eastern margin of
the northern Appalachian Plateaus,
was an obstacle to east—west
transportation in Pennsylvania. The
Pennsylvania Railroad’s ascent of
the Front by construction of the
Horseshoe Curve in 1854 was a
major engineering feat.

Figure 6. Unconsolidated deposits of Quaternary
age are in the northern and western parts of Segment
11. Glacial outwash and alluvium along major
stream valleys are mostly sand and gravel that form
productive local aquifers. Deposits of till in areas once
covered by continental glaciers and fine-grained

glacial-lake deposits are not aquifers. e
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PRINCIPAL AQUIFERS

The rocks and unconsolidated deposits that underlie Seg-
ment 11 are divided into numerous aquifer systems, aquifers,
and confining units. An aquifer system consists of two or more
aquifers and can be of two types, both of which are in Seg-
ment 11. The first type consists of aquifers that are vertically
stacked and hydraulically connected—that is, the ground-
water flow systems in the aquifers function in the same fash-
ion, and a change in conditions in one of the aquifers affects
the others. The Northern Atlantic Coastal Plain aquifer system
is of this type. The second type consists of several aquifers that
are not connected, but share common geologic and hydrologic
characteristics and, accordingly, can best be studied and de-
scribed together. The surficial aquifer system is of this type.
The areas where each principal aquifer or aquifer system is
exposed at the land surface or is the shallowest major aquifer
are shown in figures 6 and 7. For purposes of this Atlas, the

principal aquifers in Segment 11 (some of which include many
local aquifers) have been grouped by physiographic province.
The Coastal Plain Province has six aquifers that consist mostly
of semiconsolidated rocks. The Piedmont and the Blue Ridge
Provinces have three types of aquifers in consolidated rocks,
locally overlain by unconsolidated deposits of the surficial
aquifer system. The surficial aquifer system also locally over-
lies aquifers in two types of consolidated rocks in each of the
Valley and Ridge and the combined Appalachian Plateaus—
Central Lowland Provinces. Some of the consolidated-rock
aquifers are in more than one province; for example, limestone
and dolomite aquifers are recognized in the Piedmont, the Blue
Ridge, the Valley and Ridge, and the Appalachian Plateaus
Provinces (fig. 7).

The aquifers and aquifer systems of Segment 11 can be
grouped into three categories, depending on the degree of
consolidation of the rocks and deposits that compose the
aquifers. Rocks of Precambrian, Paleozoic, and early Mesozoic

ages generally are consolidated; rocks of Cretaceous and Ter-
tiary ages generally are semiconsolidated; and deposits of
Quaternary age generally are unconsolidated. Some of the
consolidated rocks, particularly those that underlie the Pied-
mont and the Blue Ridge Physiographic Provinces, are covered
with unconsolidated material called regolith that is largely
derived from weathering of the consolidated rocks.

Unconsolidated sand and gravel deposits that mostly
occur as long, narrow bands in the northern and western parts
of Segment 11 (fig. 6) compose the surficial aquifer system.
Many of the sand and gravel deposits north of the limit of
continental glaciation formed as glacial outwash that was de-
posited by meltwater from the ice sheets. Elsewhere, the sand
and gravel are stream-valley alluvium that was deposited ad-
jacent to the principal streams in the segment. Some of the
stream-valley alluvium consists of reworked glacial outwash.
Unsorted, unstratified deposits called till, emplaced by the
continental ice sheets, are not aquifers.

L3
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PRINCIPAL AQUIFERS —Continued

Aquifers in semiconsolidated to consolidated rocks under-
lie most of Segment 11 (fig. 7). These aquifers, along with
confining units that separate them in some places, are de-
scribed according to physiographic province. Aquifers in some
of the provinces extend underground far beyond the areas
where they are mapped at or near the land surface; for exam-
ple, the Potomac aquifer is exposed as only a narrow band
along the northwestern boundary of the Coastal Plain, but un-
derlies most of the Coastal Plain.

The Northern Atlantic Coastal Plain aquifer system con-
sists mostly of semiconsolidated sand aquifers separated by
clay confining units. Unconsolidated sands compose the sur-
ficial aquifer, which is the uppermost water-yielding part of the

aquifer system; the system also includes a productive lime-
stone aquifer. The Coastal Plain sediments are thin near their
contact with the rocks of the Piedmont Province and, in places,
might not yield as much water as the underlying igneous and
metamorphic rocks that are an extension of Piedmont rocks.

Aquifers in the Piedmont and the Blue Ridge Provinces
and the Reading Prong are predominately in metamorphic and
igneous rocks. In some topographically low areas of the Pied-
mont, aquifers are in carbonate rocks (limestone, dolomite,
and marble) and in sandstone of early Mesozoic age that fills
large basins that formed as deep rifts in the Earth’s crust. The
carbonate rocks are the most productive Piedmont and Blue
Ridge aquifers.

Folded sedimentary rocks of Paleozoic age underlie the
Valley and Ridge Physiographic Province. The strata consist
mostly of sandstone, shale, and limestone; coal is present
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in these rocks in Pennsylvania and Virginia, and they local-
ly contain minor dolomite and conglomerate. Locally, the
rocks have been metamorphosed into quartzite, slate, and
marble. Carbonate rocks are the most productive Valley and
Ridge aquifers.

The Appalachian Plateaus aquifers are in Paleozoic sedi-
mentary rocks that are flat-lying or gently folded. The rocks
consist mostly of shale, sandstone, conglomerate, and carbon-
ate rocks; coal beds are in rocks of Pennsylvanian age. Most
of the water-yielding beds are sandstones of Pennsylvanian and
Mississippian age; Pennsylvanian coals and Permian sand-
stones yield water, but the Permian strata are mostly shale.
Carbonate rocks of Mississippian age are also productive aqui-
fers in many places. Small volumes of water are obtained lo-
cally from conglomerate beds of Pennsylvanian age.
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GEOLOGY

Segment 11 contains two major rock types— consolidated
crystalline rocks and consolidated to unconsolidated sedimen-
tary rocks. The crystalline rocks consist of numerous kinds of
igneous and metamorphic rocks and are mostly in the Pied-
mont and the Blue Ridge Provinces. Consolidated sedimentary
rocks are mostly in the Valley and Ridge and the Appalachian
Plateaus Provinces. Sedimentary rocks in the Coastal Plain
Province are mostly semiconsolidated, but some are uncon-
solidated. The extent of the different rock types is shown in
figure 8.

The igneous and metamorphic rocks in Segment 11 crop
out in a band that trends northeastward, is widest in North
Carolina, and narrows northeastward (fig. 8). The band in-
cludes much of the rock of the Piedmont Province and most
of the rock of the Blue Ridge Province and the Reading Prong.
The crystalline rocks generally are resistant to weathering and
erosion. According to radiometric dating, the ages of the crys-
talline rocks range from more than 1,200 million to 196 mil-
lion years before present (Precambrian to Jurassic). Even
though these rocks vary greatly in mineral composition and
texture, they have similar hydraulic characteristics in that they
generally have almost no pore spaces between mineral grains
and contain ground water in joints and fractures.

Most of the rocks that underlie Segment 11 are sedimen-
tary rocks that can be grouped into three categories—well-
consolidated rocks of Paleozoic age, variably consolidated
rocks of Triassic and Early Jurassic age in early Mesozoic rift
basins, and semiconsolidated to unconsolidated rocks of Cre-
taceous and younger age. Unconsolidated Quaternary deposits
that overlie crystalline rocks or consolidated sedimentary rocks
in the northern and western parts of the segment are shown
in figure 6.

Paleozoic sedimentary rocks extend from western and
central Virginia through all of West Virginia, western Maryland,
western and northern Pennsylvania, and a small part of north-
ern New Jersey. Most of these rocks are exposed in the folded

Fig ure 8. A simplified geologic
map shows the extent of the major
rock units in Segment 11. Glacial
and alluvial deposits in the northern
and western parts of the segment are
not mapped.
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to intensely folded. They are commonly separated from
crystalline rocks of the Blue Ridge and the Piedmont Provinces by
faults. The sediments of the Coastal Plain Province overlie older rocks

and dip gently toward the ocean.
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and thrust-faulted Valley and Ridge Province and in gently
warped to flat-lying beds of the Appalachian Plateaus Province
(fig. 9), but some are in the Piedmont Province of northern
Maryland, eastern Pennsylvania, and northern New Jersey. The
Paleozoic sedimentary rocks consist of conglomerate, sand-
stone, siltstone, mudstone, shale, coal, limestone, and dolo-
mite. The sandstone and limestone beds are the most produc-
tive aquifers in these rocks.

Lower Mesozoic (Triassic and Lower Jurassic) sedimen-
tary rocks are in deep, elongate basins in the Piedmont Prov-
ince (figs. 8 and 9). The basins formed in rifts in the Earth’s
crust and are oriented roughly parallel to the modern coast.
Some incompletely mapped basins are buried beneath Coastal
Plain sediments. The Newark Basin in north-central New Jer-
sey and adjacent parts of New York and Pennsylvania is the
largest early Mesozoic basin in eastern North America. The
sedimentary rocks in the basins have been tilted and faulted,
but are not metamorphosed and deformed to the same extent
as the older rocks that surround the basins. The sedimentary
rocks in the basins are primarily conglomerate, sandstone,
shale, and siltstone, with minor limestone and coal. These
rocks are interlayered with basalt flows and intruded by dia-
base dikes and sills. The conglomerate and sandstone are the
most productive aquifers.

Semiconsolidated to unconsolidated sediments of Creta-
ceous and younger age in the Coastal Plain Province form a
band that narrows toward the northeast and is parallel to the
coast (fig. 8). The sediments, especially those of Cretaceous
age, thicken greatly toward the coast in subsurface basins in
Maryland, Delaware, and part of New Jersey but are much
thinner on structurally high areas to the north and south. Most
of the Coastal Plain sediments are sand, clay, and silt, with
minor gravel and lignite; limestone is locally prominent, par-
ticularly in North Carolina. The sediments were deposited
mostly in shallow marine environments when sea level was
higher relative to the land surface than at present, or in the
floodplains and deltas of rivers that drained the landmass to
the north and west. The sands and limestones are the most
productive aquifers.

3

All three categories of sedimentary rocks have been di-
vided into numerous formations. The geologic and hydrogeo-
logic nomenclature used in this report differs from State to
State because of independent geologic interpretations and
varied distribution and lithology of rock units. A fairly consis-
tent set of nomenclature, however, can be derived from the
most commonly used rock names. Therefore, the nomencla-
ture used in this report is basically a synthesis of that of the
U.S. Geological Survey, the Delaware Geological Survey, the
Maryland Geological Survey, the New Jersey Geological Sur-
vey, the North Carolina Geological Survey, the Pennsylvania
Bureau of Topographic and Geologic Survey, the Virginia Di-
vision of Mineral Resources, and the West Virginia Geological
and Economic Survey. Individual sources for nomenclature are
listed with each correlation chart prepared for this report.

Quaternary deposits are in the extreme northern parts of
all the physiographic provinces except the Coastal Plain (fig.
6). These deposits are predominately unsorted and unstratified
glacial material (till) that ranges in size from clay to coarse
gravel and boulders. Sand and gravel are present as outwash
deposits that formed along the glacial front (the southern limit
of glaciation) and as Holocene alluvium in major river valleys.

The area mapped in figure 8 contains four broad geologic
categories (fig. 9). From northwest to southeast, these are: flat
to gently folded Paleozoic sedimentary rocks that underlie the
Appalachian Plateaus and the Central Lowland Physiographic
Provinces; the same types of rocks folded into a series of
anticlines and synclines in the Valley and Ridge Physiographic
Province; metamorphic and igneous rocks of the Piedmont and
the Blue Ridge Physiographic Provinces that contain large
areas of tilted sedimentary rocks and lava flows in early Mes-
ozoic basins, and smaller areas of faulted and folded blocks
of Paleozoic sedimentary rocks that have undergone various
degrees of metamorphism; and gently dipping, semicon-
solidated to unconsolidated sediments of the Coastal Plain
Physiographic Province. The combination of rock type and
geologic structure largely determines the hydraulic properties
of the rocks. These factors, plus topography and climate,
determine the characteristics of the ground-water flow system
throughout the mapped area.

EXPLANATION

Quaternary sediments

Pliocene and Miocene sedimentary rocks
Oligocene and upper Eocene sedimentary rocks
Middle Eocene through Paleocene sedimentary rocks
Cretaceous sedimentary rocks

Lower Mesozoic sedimentary and igneous rocks
Permian and Pennsylvanian sedimentary rocks
Mississippian sedimentary rocks

Devonian through Silurian sedimentary rocks
Ordovician through Cambrian sedimentary rocks

Cambrian metavolcanic rocks and Paleozoic
sedimentary and metasedimentary rocks

Silurian through Cambrian phyllite, quartzite, and
mica schist

Upper Paleozoic cataclastic rocks

Lower Paleozoic and Precambrian felsic gneiss
and granite

Lower Paleozoic and Precambrian granite gneiss
and granite

Precambrian quartzite, mica schist, and gneiss
Precambrian mica schist and gneiss
Contact

Fault

Eastern
Virginia

0] g
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GROUND-WATER QUALITY

The concentration of dissolved solids in ground water
provides a basis for categorizing the general chemical quality
of the water. Dissolved solids in ground water primarily result
from chemical interaction between the water and the rocks or

Figure 1 0. Fresh ground-water
withdrawals during 1985 generally
were greatest in counties with large
populations or with industries that
require large volumes of water.
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unconsolidated deposits through which the water moves. Rocks
or deposits composed of minerals that are readily dissolved
will usually contain water that has large dissolved-solids con-
centrations. The rate of movement of water through an aqui-
fer also affects dissolved-solids concentrations; the longer the
water is in contact with the minerals that compose an aquifer,
the more mineralized the water becomes. Thus, larger concen-
trations of dissolved solids commonly are in water at or near
the ends of long ground-water flow paths. Aquifers that are
buried to great depths commonly contain saline water or brine
in their deeper parts, and mixing of fresh ground water with
this saline water can result in a large increase in the dissolved-
solids concentration of the freshwater. Contamination as a
result of human activities can increase the concentration of
dissolved solids in ground water; such contamination usually
is local but can render the water unfit for human consumption
or for many other uses.

The terms used in this report to describe water with dif-
ferent concentrations of dissolved solids are as follows:

Dissolved-solids concentration,
in milligrams per liter

Less than 1,000
1,000 to 3,000
3,000 to 10,000
10,000 to 35,000
Greater than 35,000

Freshwater

Slightly saline water
Moderately saline water
Very saline water

Brine

850l [ Clay

3
S
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Base modified froi
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FRESH GROUND-WATER
WITHDRAWALS

Ground water is the source of public supply for almost 7
million people in Segment 11, or about 19 percent of the popu-
lation in the seven-State area. About 2,600 million gallons per
day was withdrawn from all the principal aquifers during 1985;
33 percent of this amount was withdrawn for public supply.
Withdrawals by self-supplied industries and for mining ac-
counted for 22 percent of the total water withdrawn.

Counties with the largest withdrawals in Segment 11 gen-
erally are those that contain large population centers. Such
counties include those around Pittsburgh, Pa., the Philadelphia,
Pa.—-Camden, N.J. area; and the parts of New Jersey in the
New York City metropolitan area (fig. 10). Large withdrawals
are associated with mining activity in eastern North Carolina
and with paper manufacturing in southeastern Virginia. Fresh
ground-water withdrawals for most water-use categories in-
creased through 1985, according to a nationwide compilation
of water-use data by the U.S. Geological Survey.

The largest withdrawals of ground water, 1,029 million
gallons per day, were from the Northern Atlantic Coastal Plain
aquifer system, which accounted for about 40 percent of all
ground-water withdrawals in the segment during 1985 (fig.
11). Withdrawals from aquifers in the Piedmont and the Blue
Ridge Provinces during the same period were 634 million
gallons per day. Withdrawals from aquifers in the Valley and
Ridge Province were 371 million gallons per day, primarily in
Pennsylvania and Virginia. Withdrawals from unconsolidated

Figure 11.

.S. Geological Survey
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EXPLANATION

Fresh ground-water withdrawals during
1985, in million gallons per day

Surficial aquifer system—320

Northern Atlantic Coastal Plain aquifer
system—1,029

Piedmont and Blue Ridge aquifers—634

Valley and Ridge aquifers—371

- Appalachian Plateaus aquifers—282

Data from U.S. Geological Survey files, 1990
Total withdrawals of ground water were about

sand and gravel aquifers of the surficial aquifer system were
320 million gallons per day. In the Appalachian Plateaus Prov-
ince, withdrawals were 282 million gallons per day, most: of

2,600 million gallons per day during 1985. The Northern Atlantic
Coastal Plain aquifer system yielded about 40 percent of the fresh
ground water withdrawn. Aquifers of the Piedmont and the Blue
Ridge Physiographic Provinces were the second most-used aquifers.

which was withdrawn in Pennsylvania and West Virginia.

INTRODUCTION

The surficial aquifer system is in the northern and west-
ern parts of Segment 11 (fig. 12) and consists of aquifers
in unconsolidated sand and gravel deposits of Quaternary
age. The aquifer system is in parts of all the physiographic
provinces in the segment except the Coastal Plain. Most of
the individual aquifers that compose the system are not hy-
draulically connected, but share common geologic and
hydrologic characteristics and are therefore considered to
be an aquifer system. Unconsolidated sand and gravel de-
posits that are the uppermost aquifers in parts of the Coastal
Plain in Segment 11 are not mapped as part of the surficial
aquifer system because they function as part of the North-
ern Atlantic Coastal Plain aquifer system.

Two principal types of unconsolidated sediments com-
pose the surficial aquifer system. The first, and most wide-

Surficial
aquifer
system

spread, type consists of sediments deposited by Pleistocene
continental glaciers or by meltwater from the glaciers. The
second type is Holocene alluvium in the valleys of major
streams. The glacial sediments are restricted to the north-
ern parts of Pennsylvania and New Jersey; the alluvial de-
posits are scattered through parts of West Virginia, Penn-
sylvania, and New Jersey (fig. 12). Some of the alluvial
deposits are reworked glacial sediments.

L6

Figure 12. Aquifersin
unconsolidated deposits of
sand and gravel are at or near
the land surface in the
northern and western parts of
Segment 11. These aquifers
consist of glacial outwash
and stream-valley alluvium,
and are collectively called the
surficial aquifer system.
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EXPLANATION

Surficial aquifer system

Sand and gravel aquifers at or
near land surface, and
alluvium along streams
and rivers

Till and glacial-lake deposits—
Discontinuous where
patterned

Southern limit of glaciation



HYDROGEOLOGIC SETTING

Glacial deposits consist mostly of clay, silt, sand, and
gravel in various combinations, but also include cobbles and
boulders. The general term “glacial drift” is used for all types
of glacial deposits, regardless of the particle size or the degree
of sorting of the deposits, or how the deposits were emplaced.
The glacial drift in Segment 11 was deposited during several
advances and retreats of continental ice sheets. The most
recent and widespread glacial stage, termed “Wisconsinan,”
ended only about 12,000 years ago; the last ice sheet, how-
ever, retreated out of the area of Segment 11 about 17,000
years ago.

Glacial ice and meltwater from the ice laid down several
different types of deposits. Till, which is an unstratified, un-
sorted mixture of material that ranges in particle size from clay
to boulders, was deposited under the ice or directly in front of
the ice sheet. Deposits of till are the most extensive glacial
deposits in Segment 11, but the till is not an aquifer. Glacial-
lake deposits of clay and silt, which were laid down in lakes
that formed between ice lobes or where the ice blocked pre-
glacial streams, likewise are not aquifers. Outwash deposits,
by contrast, generally consist of stratified sand and gravel
(fig. 13) that form productive aquifers. Most of the outwash
deposits in Segment 11 are in valleys; the intervening hills
are mantled with till or underlain by consolidated rock. The
ice sheets greatly altered topography and drainage in the part
of the segment that has been glaciated. Before or during the
Pleistocene Epoch, some streams in the glaciated area cut
their channels as much as 300 feet deeper than their present
streambeds. In some places, erosion of bedrock hills by the
thick ice sheets smoothed and rounded the preglacial topog-
raphy and deposition of glacial drift, primarily in bedrock
valleys, further subdued the original relief of the bedrock sur-
face. In other places, the ice scoured deep troughs in the bed-
rock and stripped weathered bedrock away from hills, thus
increasing the original relief.

Streams that flowed northward or northwestward typically
were blocked by the ice sheets that advanced from the north
and northeast. Flow direction was reversed in some of the
north-flowing streams; others resumed their northward flow
after the ice retreated; and a few were overridden by thick ice
and permanently obliterated. New channels were cut by melt-
water streams in some places, and some of these new chan-
nels connected parts of separate preglacial streams. The pres-
ent course of the Ohio River was formed during the Pleistocene
Epoch as a composite of newly cut channel segments and
connected, old channel segments. Some of the deeply cut
meltwater stream valleys were later filled to their present lev-
els with glacial deposits and alluvium.

In areas where streams drained away from the glacial ice,
stratified glacial drift was deposited in the stream valleys,
mostly when the ice was stagnant or when the ice sheet was
melting. Sand and gravel were deposited (fig. 14) as deltas or
fluvial deposits at the ice margins or in glacial lakes or as flu-
vial valley-train deposits downstream from the ice margin. The
coarse sand and gravel form productive aquifers that com-
monly are interspersed with the clay and silt confining beds

_ runoff from.
zuplands — =

infiltration of —
precipitation/{'/'/

Modified from Rosenshein, 1988

F ig ure 15. Recharge to valley-fill aquifers is from
multiple sources, and, during periods of normal pre-
cipitation, is adequate to maintain aquifer water levels
above those of streams (A); water moves from the
aquifer to the stream. During droughts, discharge by
seepage to adjacent bedrock, evapotranspiration, and
withdrawals from wells, coupled with a decrease in
recharge, can lower aquifer water levels until flow is
reversed and water moves from the stream to the
aquifer (B).

deposited in small lakes in the valleys. Some of the valley-train
sand deposits extend for many miles, as in parts of the val-
leys of the Allegheny and the Susquehanna Rivers.

Sand and gravel deposited as alluvium along the valleys
of major streams also form productive aquifers. Some of the
alluvium consists of reworked glacial deposits that were eroded
and transported downstream during and following the last
retreat of the ice. Reworked glacial material is most common
in southward-flowing streams, such as the Allegheny and the
Ohio Rivers, that have their headwaters in glaciated areas.
Although some of the deposits of reworked glacial material are
in dry terraces above the water table, most of them are satu-
rated, and some, such as the gravel deposits along the upper
reaches of the Ohio River, form highly productive aquifers.
Alluvium in the valleys of northward-flowing streams consists
of material that has been weathered and eroded from exposed
consolidated sedimentary rocks. The alluvium along the north-
ward-flowing rivers, such as the Kanawha in West Virginia and
the Monongahela in Pennsylvania, generally is finer grained
than that along the southward-flowing rivers and thus yields
less water to wells.

GROUND-WATER FLOW

Most of the productive aquifers in the surficial aquifer
system consist of valley-fill deposits of coarse-grained glacial
or alluvial deposits, or both, and contain water under mostly
unconfined conditions. In New Jersey, fine-grained glacial-lake
sediments overlie aquifers in coarse-grained glacial sediments
in many places and create confined conditions in the aquifers.
The valley-fill aquifers receive most of their recharge from
runoff of precipitation that falls on the surrounding uplands that
are underlain by till or bedrock, both of which are less perme-
able than the valley-fill deposits. Some recharge is by infiltra-
tion of precipitation that falls directly on the valley-fill aqui-
fers, and some is by inflow from adjacent bedrock (fig. 15A).
Studies have concluded, however, that from 60 to 75 percent
of the recharge to the valley-fill aquifers is from upland run-
off, some of which is unchanneled, but most of which is in
tributary streams and enters the aquifers as seepage through
the streambeds. The higher recharge percentages are for aqui-
fers in valleys that are less than one-half mile wide. The val-
ley-fill aquifers discharge primarily to streams that flow in the
valleys when the water level in the aquifer is higher than that
in the stream (fig. 15A); during drought conditions, water
levels in the aquifer can decline until the direction of flow is
reversed and water moves from the stream to the aquifer (fig.
15B). The thickness and permeability of the bottom sediment
in the stream determine the rate at which water can move
between the stream and the aquifer. Some discharge from the
valley-fill aquifers also is by outflow to adjacent bedrock,
evapotranspiration, and withdrawals from wells (fig. 15B).

Base flow of a stream is maintained by ground-water dis-
charge and is a good indication of the water-yielding capac-
ity of the aquifer that provides the base flow. Base-flow char-
acteristics in Segment 11 vary with the type of rocks or de-
posits through which the stream flows. Streams that flow on
bedrock have minimal base flow and often become dry be-
cause the limited amount of fracture and pore space in the
bedrock permits little water to be stored and subsequently
released to the stream. In contrast, streams in valleys partly
filled with glacial outwash and bordered by bedrock that is
covered with till have large, sustained base flow because thick
glacial deposits can store and slowly release large quantities
of water even where they consist of low-permeability till. Base
flow has been estimated by some studies to account for more
than 70 percent of the total runoff in the glaciated parts of the
Appalachian Plateaus Province but accounts for only about 50
percent of the total runoff in the unglaciated parts of the prov-
ince.

POTENTIAL WELL YIELDS

The considerable variation in potential yields of wells
completed in the aquifers of the surficial aquifer system from
place to place depends on the saturated thickness of the un-
consolidated sediment, its coarseness, degree of sorting, and
extent. Sustained well yields are dependent on recharge rates.
Adequate recharge usually is not a problem because most of
the aquifers are in the valleys of perennial streams from which
flow to wells can be induced, especially if the wells are located
near the streams.

The principal aquifers of the surficial aquifer system in
New Jersey consist of glacial deposits of sand and gravel that
partly fill bedrock valleys. Overlying till or glacial-lake deposits
of silt commonly confine the aquifers, although they are un-
confined in places. The combined thickness of coarse- and
fine-grained valley-fill material is as much as 350 feet in some
valleys. Yields of most large-diameter wells range from 130
to 800 gallons per minute, but some wells yield as much as
2,200 gallons per minute.

In northeastern Pennsylvania, yields from wells completed
in glacial-deposit aquifers are about 400 to 750 gallons per
minute near the confluence of the Lehigh and the Delaware
Rivers. Elsewhere in the area, wells completed in the same
type of material yield as much as 1,300 gallons per minute.

In western Pennsylvania, reported yields of wells com-
pleted in glacial gravels and alluvium along the Allegheny and
the Ohio Rivers, stratified drift along other streams, and aban-
doned, filled channels within the glaciated area generally range
from 200 to 1,200 gallons per minute. Locally, however, yields
of as much as 2,000 gallons per minute have been reported,
and along the West Branch of the Susquehanna River in west-
central Pennsylvania, a few wells yield 1,000 to 3,000 gallons
per minute. Wells located on alluvial terraces along north-flow-
ing streams south of the limits of glaciation yield only 5 to 10
gallons per minute.

In West Virginia, the valleys of north-flowing tributaries of
the Ohio River contain as much as 75 feet of alluvium; how-
ever, only the lower part of the alluvium is saturated. Yields
of wells completed in the alluvium are as much as 105 gal-
lons per minute along the Little Kanawha River and 150 gal-
lons per minute along the Kanawha River. Along the Ohio
River, yields of 100 to 1,000 gallons per minute are reported
from standard vertical wells completed in the alluvium. Yields
from collector wells, which are bored or excavated horizontally,
can be even higher.

Figure 13. oOutwash sand and gravel, such as the material
shown here that overlies metamorphic bedrock in northern New
Jersey, form productive aquifers where they are thick and

saturated.

Figure 14. Coarse-grained _—
glacial deposits commonly are in
bedrock valleys. Some of these
deposits (A) formed at the ice-
bedrock contact, and some filled
cracks or crevasses in the ice. As
the ice melted, outwash deposits
of sand and gravel formed deltas
al the ice front or in glacial lakes
and fluvial valley-train deposits
(B) downstream from the ice front.
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GROUND-WATER QUALITY

The chemical quality of water in the aquifers of the sur-
ficial aquifer system is somewhat variable but generally is
suitable for municipal supplies and most other purposes.
Most of the water in the upper parts of the aquifers is not high-
ly mineralized.

With the exception of local limestone and dolomite gravel
in glacial deposits, the unconsolidated sand and gravel aqui-
fers of the surficial aquifer system consist primarily of siliceous
material, which is not very soluble. Furthermore, the aquifers
are at or near the land surface and commonly are thin. Much
of the recharge water enters the aquifers as runoff from adja-
cent highlands or directly from precipitation on the aquifers
and the residence time of the water in the aquifer is generally
short. The net effect of these factors is that the water contains
little dissolved mineral material and has an average dissolved-
solids concentration of about 250 milligrams per liter. Because
hardness (caused principally by calcium and magnesium ions)
averages about 140 milligrams per liter, the water is classified
as hard. The median hydrogen ion concentration, which is
measured in pH units, is 7.2. Thus, the water is slightly basic,
because of the dissolution of calcium and magnesium carbon-
ate, which raises the pH. The water is a calcium bicarbonate
type (fig. 16).

Chloride concentrations average about 29 milligrams per
liter but locally are as much as 1,200 milligrams per liter.
Sulfate concentrations also average about 29 milligrams per

Nitrate + Iron
1.2 percent

Sodium + Potassium
11.1 percent

Values in percent of median major ion
concentration, in milliequivalents per liter
Data from Roth and others, 1981;
Ehlke and others, 1982; Herb and
others, 1981 a,b; 1983, a,b; and
Friel and others, 1987
Figure 16. The median concentrations
of dissolved chemical constituents in water
from the sand and gravel aquifers of the sur-
ficial aquifer system show that the water is
a calcium bicarbonate type.
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liter but are as much as 670 milligrams per liter. Large con-
centrations of chloride and sulfate in the unconsolidated sand
and gravel aquifers might be due to discharge from underly-
ing bedrock aquifers that contain highly mineralized water.

The median iron concentration is 100 micrograms per
liter, but concentrations of as much as 552,000 micrograms
per liter have been measured. Locally, large concentrations of
nitrate are probably the result of surface contamination by
fertilizers, animal wastes, or sewage. Shallow aquifers, such as
those of the surficial aquifer system, are particularly vulner-
able to contamination.

FRESH GROUND-WATER
WITHDRAWALS

Total freshwater withdrawals from unconsolidated sand
and gravel aquifers of the surficial aquifer system in the Pied-
mont, the Blue Ridge, the Valley and Ridge, the Appalachian
Plateaus, and the Central Lowland Provinces of Segment 11
were estimated to be 320 million gallons per day during 1985.
About 140 million gallons per day was used for domestic and
commercial purposes, and about 102 million gallons per day
was withdrawn for public supply (fig. 17). Industrial, mining,
and thermoelectric power uses accounted for withdrawals of
about 62 million gallons per day. About 16 million gallons per
day was withdrawn for agricultural use.

44 percent

Total withdrawals
320 million gallons per day

Data from U.S. Geological
Survey files, 1990
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Use of fresh ground-water withdrawals
during 1985, in percent

Public supply

Domestic and commercial

Agricultural

Industrial, mining, and thermoelectric
power

Figure 17. Most of the freshwater withdrawn
from the surficial aquifer system in Segment 11
during 1985 was used for domestic and commercial
purposes and public supply.
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Plain aquifer
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INTRODUCTION

The Northern Atlantic Coastal Plain aquifer system con-
sists of six regional aquifers in sedimentary deposits that range
in age from Early Cretaceous to Holocene. The aquifer sys-
tem underlies an area of about 50,000 square miles in Seg-
ment 11 and extends from the North Carolina-South Caro-
lina State line northward to Raritan Bay, N.J. (fig. 18). The
western limit of the aquifer system is the landward edge of
water-yielding Coastal Plain strata where they pinch out against
crystalline rocks of the Piedmont Physiographic Province at the
Fall Line. Although the aquifers included in the aquifer system
extend beneath the Atlantic Ocean and, in places, contain
brackish water or freshwater under nearshore parts of the
Continental Shelf, the eastern limit of the aquifer system is, for
all practical purposes, the shoreline. The Northern Atlantic
Coastal Plain aquifer system grades southward into the South-
eastern Coastal Plain aquifer system, which is described in
Segments 5 and 6 of this Atlas; the part of the coastal plain
that underlies Long Island is described in Segment 12.

The northern part of the Atlantic Coastal Plain is under-
lain by a wedge-shaped mass of semi-consolidated to uncon-
solidated sediments that thickens toward the ocean and rests

76°

41°

Raritan
o Bay

“Piftsb

Q
ine
O

al|
2
8BS
=5
(ol
=

36°,

stor}-Saleh ¢ TCS

Base modified from U.S. Geological
Survey digital data, 1:2,000,000, 1972

s

SCALE 1:7,500,000

50

o

EXPLANATION

100 MILES Modified from Trapp, 1992

50 100 KILOMETERS ®
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Figure 1 8. The Northern Atlantic Coastal Plain aquifer

system in Segment 11 extends

from the Fall Line to the

shoreline and from the North Carolina—South Carolina State
line northward through New Jersey.

Figure 19. Thesediments
that compose the aquifer system

are in the general shape of a
wedge that thickens seaward.
The line of the hydrogeologic
section is shown in figure 18.

EXPLANATION
Surficial aquifer
Confining unit

Chesapeake aquifer

Figure 20. The aquifer system is thinner
where parts of the underlying crystalline-rock
surface have been upwarped and thicker
where the crystalline rocks have been down-
warped. The line of the hydrogeologic section

is shown in figure 18.
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on a surface of crystalline rock (fig. 19). The thickness of the
sediments shown in figure 19 at the New Jersey coastline is
about 4,000 feet, but the sediments attain thicknesses of as
much as 8,000 feet along the coast of Maryland and 10,000
feet along the coast of North Carolina. The sediments consist
of lenses and layers of clay, silt, and sand, with minor amounts
of lignite, gravel, and limestone. The sand, gravel, and lime-
stone compose aquifers of varying extent; some are traceable
over long distances, whereas others are local. The aquifers are
separated by confining units of clay, silt, and silty or clayey
sand. Although water moves more readily through the aqui-
fers than through the confining units, water can leak through
the confining units, especially where they are thin or where
they contain sand; the aquifers, therefore, are hydraulically in-
terconnected to some degree.

The aquifers and confining units that underlie the Coastal
Plain vary considerably in thickness (fig. 20). Much of this
variation is because the sediments that contain these hydro-
logic units were deposited on an irregular crystalline-rock
surface that was warped by tectonic forces so as to form
arches that alternate with troughs or embayments. The three
areas where the crystalline rock is arched upward in figure 20
are, from left to right, the Cape Fear Arch and the Norfolk and
the South New Jersey Highs. The intervening downwarped
areas, from left to right, are the Albemarle and the Salisbury
Embayments. The arches were not always upwarped, however,
nor were the embayments always downwarped. For example,
the sediments that compose the Peedee—upper Cape Fear
aquifer are thicker atop the Cape Fear Arch than in the
Albemarle Embayment. This indicates that the Cape Fear Arch
was downwarped during the time that the sediments that com-
pose this aquifer were deposited. Likewise, thinning of the sedi-
ments of the Severn-Magothy aquifer into the Salisbury
Embayment indicates that the embayment was not
downwarped while these sediments were accumulating.
Potomac aquifer sediments thin across all the arches and
thicken into all the embayments shown in figure 20, which
indicates that the crystalline-rock surface had the same con-
figuration when those sediments were deposited as it has now.

The sediments that compose the Northern Atlantic Coast-
al Plain aquifer system were deposited in nonmarine, marginal
marine, and marine environments. Lower Cretaceous sedi-
ments were deposited mostly by streams in alluvial and del-

taic environments. From Late Cretaceous through early Ter-
tiary time, a series of marine transgressions covered most
of the Atlantic Coastal Plain, and shallow marine to marine
environments prevailed. A general regression of the sea be-
gan during late Tertiary time, when nonmarine Miocene sedi-
ments were deposited in New Jersey and parts of Maryland.
Post-Miocene sediments are mostly Quaternary nonmarine
clastic rocks.

Interbedding of fine- and coarse-grained Coastal Plain
sediments is complex because of shifting deltaic and alluvial
deposition sites and because of repeated transgressions and
regressions of the sea. Sediment types and textures, accord-
ingly, can change greatly within short horizontal or vertical
distances. Bodies of sand, gravel, or limestone can change
facies laterally and become clayey or silty and, thus, less per-
meable. Therefore, many local aquifers can be identified, but
these local aquifers can be grouped on the basis of similar
hydrologic characteristics and treated as regional aquifers. Six
regional aquifers separated by four regional confining units
make up the Northern Atlantic Coastal Plain aquifer system
(fig. 21).

Except for the surficial aquifer, which is named for its
location at the land surface, the name applied to each regional
aquifer is taken from one or more of the geologic formations
or groups that compose the aquifer. The names chosen are
taken from the geologic units that are the most widespread
and (or) compose the more productive aquifers. Use of an
aquifer name in a given State does not necessarily mean that
the geologic formation from which the name is derived is
recognized in that State. For example, the Potomac aquifer
(fig. 21) is named for permeable sediments that are part of
the Potomac Formation (or Group), which is a geologic name
used in Virginia, Maryland, Delaware, and New Jersey. The
Potomac aquifer also is mapped in North Carolina even though
equivalent sediments there are called by different names.
Combined aquifer names couple the name of the youngest,
most extensive water-yielding formation with that of the old-
est, most extensive water-yielding formation. An example is
the Castle Hayne—Aquia aquifer in sediments of Oligocene
through Paleocene age (fig. 21). The Castle Hayne Formation
of North Carolina and the Aquia Formation of Virginia and
Maryland form the most productive, most extensive parts of
this regional aquifer.
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Figure 22. The surficial aquifer is the
uppermost aquifer in the Northern Atlantic
Coastal Plain aquifer system but is of limited
extent.

|

Figur e 23. Sands of the Chesapeake aquifer
form an extensive water-yielding unit that extends
from the Fall Line to the coastline in places.

Figure 24. The Castle Hayne-Aquia aquifer
is not as widespread as the overlying Chesapeake
aquifer, but yields large volumes of water in North
Carolina where it consists of limestone. Elsewhere,
the aquifer consists of sand that becomes clayey
and almost impermeable on the

Delmarva Peninsula.

Figure 25. The Severn —Magothy and the
Peedee—upper Cape Fear aquifers are in sand
beds of equivalent age, but are not known to be
connected. Both aquifers are underlain and over-
lain by confining units that consist mostly of
clay.

|

Figure 26. The Potomac aquifer is the
lowermost and most widespread aquifer in the
Northern Atlantic Coastal Plain aquifer system.
The aquifer consists of a thick sequence of sand
beds and lies directly on crystalline bedrock

in most places but locally is underlain by a
clayey confining unit.
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Figure 27. Most of the withdrawals from the surficial aquifer

VERTICAL SEQUENCE OF
AQUIFERS

The Coastal Plain aquifers in Segment 11 are, in descend-
ing order, the surficial aquifer (fig. 22), the Chesapeake aqui-
fer (fig. 23), the Castle Hayne—Aquia aquifer (fig. 24), the
Severn-Magothy aquifer in the northern part of the segment
(fig. 25), the Peedee—upper Cape Fear aquifer in the south-
ern part (fig. 25), and the Potomac aquifer (fig. 26). The
boundaries of the aquifers are irregular, as shown in these fig-
ures, and none of the aquifers extends over the whole Coastal
Plain. The regional aquifers consist of various geologic forma-
tions and, in most places, are vertically separated by clayey
or silty confining units that retard the vertical flow of ground
water. The aquifers contain saline water in places, especially
near the modern coastline, but they are mapped wherever the
sediments that compose them are permeable, regardless of the
chemical quality of the water in the sediments. The Castle
Hayne-Aquia aquifer is absent in part of the Delmarva Pen-
insula (fig. 24) because the sand beds of the aquifer contain
more clay and are less permeable toward the coast.

The surficial aquifer is the uppermost aquifer in the aqui-
fer system (fig. 22). This aquifer consists of unconsolidated,
locally gravelly sand, mostly of Quaternary age. Although a
thin blanket of unconsolidated sediments makes up the upper-
most Coastal Plain beds over wide areas, these sediments
mostly are unsaturated or else yield little water to wells. The
aquifer is mapped in figure 22 only in those areas where wells
completed in the aquifer can be expected to yield at least 50
gallons per minute.

The Chesapeake aquifer (fig. 23) underlies the surficial
aquifer in most places, but the two aquifers are separated by
a clayey confining unit. The Chesapeake aquifer consists
mostly of sand beds of Miocene age. Phosphate of mineable
concentration is in sands of the aquifer in North Carolina.

The Castle Hayne—-Aquia aquifer (fig. 24) underlies the
Chesapeake aquifer; a clayey confining unit separates the two
aquifers everywhere. In North Carolina, the Castle Hayne—
Aquia aquifer is mostly limestone of the Castle Hayne Forma-
tion that produces large volumes of water. Further northward,
the aquifer is mostly glauconitic sand.

The Severn—Magothy aquifer underlies the Castle Hayne—
Aquia aquifer from New Jersey southward to the Delmarva
Peninsula (fig. 25). The Peedee—upper Cape Fear aquifer,
which is the southern equivalent of the Severn—-Magothy aqui-
fer, is present from southeastern Virginia to the North Caro-
lina—South Carolina border. Both aquifers consist of fine to
medium sand, and are overlain by a silt and clay confining unit.
The Peedee—upper Cape Fear and the Severn—-Magothy aqui-
fers are absent in most of Virginia.

The Potomac aquifer (fig. 26) is the lowermost and most
widespread aquifer of the aquifer system. The Potomac aqui-
fer consists of fine to coarse sand beds and is separated from
overlying aquifers everywhere by a confining unit of clay and
sandy clay.

SURFICIAL AQUIFER

The surficial aquifer extends over large parts of the Del-
marva Peninsula and the eastern coastal plain of North Caro-
lina. Although thin surficial deposits yield small volumes of
water to rural and domestic wells in a large part of the Coastal
Plain, the surficial aquifer is defined as a principal Coastal Plain
aquifer in this report only where it is capable of yielding at least
50 gallons of water per minute to wells or where the use of
underlying aquifers is restricted because the deeper aquifers
contain saline water. The surficial aquifer consists of uncon-
solidated sand and gravel of marine and nonmarine origin,
depending on the locality. Many small-scale aquifers consti-
tute the surficial aquifer.

The surficial aquifer consists of sand of Pleistocene age
and beach and dune deposits of Holocene age on the Cape
May Peninsula at the southern tip of New Jersey where the
aquifer is underlain by a clay confining unit that separates it
from the deeper Chesapeake aquifer. The surficial aquifer at-
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during 1979 and 1980 were in Delaware and the Eastern Shore
of Maryland.

tains its greatest thicknesses in buried channels in the Del-
marva Peninsula. Elsewhere in Segment 11, the average thick-
ness of the aquifer is generally 50 feet or less. Near the Dela-
ware—Maryland State boundary, the surficial aquifer directly
overlies water-yielding beds of the Chesapeake aquifer. In that
area, the combined beds act as a single aquifer.

The surficial aquifer contains water predominately under
unconfined conditions, but clay beds locally create confined
conditions. Almost all the flow within the aquifer is local; that
is, water moves from recharge areas along short flow paths to
discharge to the nearest stream or other surface-water body.
Some water, however, percolates downward to recharge the
underlying aquifers.

The transmissivity of the surficial aquifer (the rate at which
water will move through the aquifer) is variable. Transmissiv-
ity values for the aquifer are generally less than 1,000 feet
squared per day except on the Delmarva Peninsula where they
are commonly 8,000 feet squared per day. Locally, the trans-
missivity of the aquifer is as much as 20,000 feet squared per
day in buried channels in Delaware and 53,000 feet squared
per day in a paleochannel in Maryland. The aquifer is very thick
in the places where the transmissivity values are largest.

The quality of water in the surficial aquifer is variable and
partly reflects the chemistry of the precipitation that recharges
the aquifer. In precipitation, dissolved sodium and chloride
concentrations tend to be greater, and dissolved sulfate con-
centrations tend to be less, nearer the coastline than inland.
The chemical composition of the precipitation is modified as
the water percolates downward through the soil zone and then
moves through the aquifer where it reacts chemically with
aquifer minerals. Because the water follows short flow paths,
its residence time is short in the surficial aquifer, and the dis-
solution of minerals is limited.

Where the surficial aquifer adjoins the coast or saltwater
estuaries and where it occurs on offshore islands, it is usually
hydraulically connected to saline water. Hydraulic heads (wa-
ter levels) in the aquifer are only slightly above sea level in
these low-lying land areas, and the depth to saline water may
be shallow as a result. The same low-lying areas tend to be
natural discharge areas for the aquifers that underlie the sur-
ficial aquifer. The water that is discharged upward from the
deeper aquifers tends to be hard and highly mineralized. In
these areas, only water in the upper part of the surficial aqui-
fer might be suitable for use.

Water in the surficial aquifer is especially susceptible to
contamination by human activities because the aquifer is ex-
posed at the land surface. For example, nitrogen and lime that
are added to the soil during crop production can enter the
water. Livestock wastes and septic-tank fields also produce
nitrogen, the end product of which is nitrate in the ground
water. Local contamination also can result from seepage from
landfills, leakage from underground storage tanks, chemical
spills, and infiltration of urban contaminants.

Ground-water withdrawals from the surficial aquifer in
Segment 11 are greatest on the Delmarva Peninsula where
sands of Holocene to Pliocene age and some gravel beds of
Miocene age constitute the aquifer. The distribution of major
pumping centers during 1979 and 1980, excluding irrigation,
is shown in figure 27. The aquifer is used locally in Virginia
for domestic and agricultural supplies, and withdrawals from
the aquifer in North Carolina are principally for the same uses.
South of Chesapeake Bay, the surficial aquifer is typically thin-
ner or contains more clay than in the Delmarva Peninsula. In
North Carolina, the surficial aquifer is near the coast and in
several counties near the South Carolina border. Throughout
much of the coastal area, the surficial aquifer is recognized as
a principal aquifer not because of its potential to yield large
volumes of water, but because the underlying aquifers com-
monly contain saline water and their use is thus restricted.

Total fresh ground-water withdrawals from the surficial
aquifer were about 120 million gallons per day during 1985.
The largest withdrawals of water were concentrated near Salis-
bury, Md., and Dover, Del. (fig. 27). Water from the aquifer was
used principally for agricultural supplies and domestic and
commercial purposes, but substantial quantities also were
used for public supply and for industrial, mining, and thermo-
electric power supplies (fig. 28).

Total withdrawals
120 million gallons per day

Data from U.S. Geological
Survey files, 1990
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Use of fresh ground-water withdrawals
during 1985, in percent

Public supply
Domestic and commercial
Agricultural

Industrial, mining, and thermo-
electric power

Figure 28. Most of the freshwater withdrawn
from the surficial aquifer in the Northern Atlantic
Coastal Plain during 1985 was used for domestic
and commercial supplies and agriculture.
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CHESAPEAKE AQUIFER

The Chesapeake aquifer is the uppermost regional aqui-
fer of the Northern Atlantic Coastal Plain aquifer system. The
aquifer consists of permeable beds in the Chesapeake Group
of Oligocene to Pliocene age and their approximate strati-
graphic equivalents. The top of the Chesapeake aquifer is
mostly above sea level in New Jersey but is nearly 300 feet
below sea level on the Outer Banks of North Carolina (fig. 29).

The Chesapeake aquifer in New Jersey includes the Co-
hansey Sand and most of the Kirkwood Formation, along with
local terrace gravels. The local name of the Chesapeake aquifer
is the Kirkwood-Cohansey aquifer system (fig. 21). In its
thicker parts, confining units divide the Chesapeake aquifer
into three local aquifers. The upper part of the aquifer is pre-
dominately fine to coarse sand that contains water mostly
under unconfined conditions. The lower part is typically fine
to medium sand that contains two thick clay beds near the
coast. The maximum thickness of the Chesapeake aquifer
in New Jersey is about 960 feet, but this includes about 450
feet of clay that forms local confining units in the lower part
of the aquifer.

On the Delmarva Peninsula, the regional Chesapeake
aquifer comprises six local sand aquifers, which consist of
layers of medium to coarse, silty sand, and locally contain grav-
el or shell fragments. The sands are separated by confining
units of silty sand and clay. On the northwestern Delmarva Pen-
insula, the local aquifers are successively truncated and over-
lain from southwest to northeast by the surficial aquifer. Where
the surficial and Chesapeake aquifers are in direct contact,
they form a composite aquifer that contains water under un-
confined, or water-table, conditions. The Chesapeake aquifer
generally dips gently and thickens oceanward. lts total thick-
ness exceeds 600 feet along the coast, but much of the thick-
ening is due to clayey and silty sediments. The deeper and
more southeasterly parts of the aquifer contain slightly saline
to saline water. Only the upper part of the aquifer is important
as a source of water in the Virginia part of the peninsula.

The Chesapeake aquifer in Maryland is not mapped west
of Chesapeake Bay; sediments equivalent to the lower part of
the aquifer extend west of the bay but consist mostly of clay
and silt. The upper part of the Chesapeake aquifer west of the
bay in Virginia is the local Yorktown—Eastover aquifer (fig. 21).

The Chesapeake aquifer in North Carolina is restricted to
the northeastern part of the Coastal Plain. It consists of two

Fi gure 29. The top of the Chesapeake aquifer is more than
100 feet above sea level in central Virginia and slopes gently to
depths of more than 300 feet below sea level along the Outer
Banks of North Carolina. The ability of the aquifer to
transmit water is greatest in coastal areas of New
Jersey, Delaware, Maryland, and North Carolina.
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Figure 32. The hydrochemical facies of water
in the Chesapeake aquifer change progressively
seaward from a variable-composition facies to a
sodium chloride facies. Dissolved-solids
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local aquifers (fig. 21) —the upper (Yorktown) aquifer extends
farther west than the lower (Pungo River) aquifer. The Yorktown
aquifer consists of fine shelly sand, silty sand, and shell beds,
whereas the Pungo River aquifer consists of fine to medium
phosphatic sand. Where both local aquifers are present, the
maximum thickness of the Chesapeake aquifer is about 1,000
feet; the average thickness is about 330 feet.

Much of the water in the upper part of the Chesapeake
aquifer is under unconfined conditions. The aquifer is closely
connected to streams, and before pumping began, most of the
water that entered the aquifer as recharge from precipitation
moved only a few miles or less along flow paths to discharge
to the streams (fig. 30). Some of the water, however, moved
along longer flow paths to discharge to estuaries or the ocean.
Where the water table was close to the land surface, some
ground water discharged to the atmosphere through evapora-
tion and transpiration. Where hydraulic heads (water levels)
in the Chesapeake aquifer were higher than those in the un-
derlying Castle Hayne—Aquia aquifer, a small part of the wa-
ter in the Chesapeake aquifer moved downward across a con-
fining unit and into the lower aquifer. In some areas, mostly
near the coast, the hydraulic head in the Castle Hayne—Aquia
aquifer was greater than that in the Chesapeake aquifer, and
water moved upward from the deeper aquifer into the Chesa-
peake aquifer.

The Chesapeake aquifer is considered to be a principal
aquifer only where the transmissivity of the aquifer is greater
than 500 feet squared per day (fig. 29). In these areas, wells
completed in the aquifer commonly yield 50 gallons per minute
or more. Elsewhere, the aquifer may yield water, but not in
quantities sufficient for most uses; therefore, it is considered
to be a minor aquifer. The transmissivity of the aquifer gener-
ally increases toward the coast and reaches a maximum near
the southern border of Delaware and in a small area of coastal
New Jersey. The coastward increase in transmissivity reflects
an increase in the thickness of the aquifer in these areas.

After withdrawals began, ground water continued to flow
regionally in the same directions as before development, but
some of the water that would have discharged to surface-wa-
ter bodies or to the atmosphere under natural conditions was
intercepted by wells. Flow paths shifted as water moved toward
cones of depression that formed around pumping centers (fig.
31). By 1980, the potentiometric surface had been lowered
over wide areas, which resulted in reduced evaporation and
transpiration and increased recharge to the aquifer.

along longer flow paths and discharged to
estuaries, sounds, and the Atlantic Ocean.
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Figure 30. Before ground-water withdrawals began, water
moved through the Chesapeake aquifer mostly along short

flow paths from high to low altitudes and discharged o
to streams. Some of the water, however, moved 7

Withdrawals caused the potentiometric surfaces of the
upper and lower parts of the aquifer to be different in parts of
New Jersey, Delaware, and North Carolina. This is because
thick confining beds within the aquifer impede vertical ground-
water flow in these areas between the upper and lower parts
of the aquifer. The lowering of the potentiometric surface in-
duced saline water intrusion locally on the Cape May Penin-
sula and other coastal areas in New Jersey.

Water in the aquifers of the Northern Atlantic Coastal Plain
aquifer system can be classified according to dominant dis-
solved cations and anions into the following hydrochemical
facies typical of ground water in the Northern Atlantic Coastal
Plain: variable composition, calcium plus magnesium bicar-
bonate, sodium bicarbonate, and sodium chloride. To demon-
strate the facies classification used, a sodium bicarbonate
water is one in which sodium ions account for more than
50 percent of the total cations in the water and bicarbonate
ions account for more than 50 percent of the total anions.
Waters classified as variable composition have no ions that
exceed 50 percent.

The hydrochemical facies in water from the upper part of
the Chesapeake aquifer in Virginia and North Carolina follow
a general coastward, or downdip, sequence from a variable-
composition facies in aquifer outcrop areas to a calcium plus
magnesium bicarbonate facies, then to a sodium bicarbonate
facies, and finally to a sodium chloride facies (fig. 32). This
sequence is generally characteristic of waters in the Coastal
Plain aquifers. Also, the concentration of dissolved solids in the
ground water increases in a seaward direction. The distribu-
tion of hydrochemical facies with respect to areas where the
Chesapeake aquifer crops out and with respect to the coast,
and the seaward increase in dissolved-solids concentration, are
largely the result of natural (prepumping) ground-water flow
patterns. The same sequence of hydrochemical facies occurs
with increasing depth in the aquifers and is accompanied by
an increase in the dissolved-solids concentration in the water.

Over most of its extent in New Jersey, the Chesapeake
aquifer is exposed at the land surface and contains water of
the variable-composition facies (fig. 32). In a narrow band
parallel to the coast, the mixing of that water with saline wa-
ter resulted in a sodium chloride facies. Dissolved-solids con-
centrations are generally less than 250 milligrams per liter,
except along the coast. Sulfate is present locally in water from
the aquifer in central New Jersey, probably as a result of the
oxidation of sulfide minerals, such as pyrite, in the aquifer.
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The hydrochemical facies pattern on the Delmarva Pen-
insula (fig. 32) is, for the most part, the result of ground water
movement from aquifer recharge areas in the central part of
the peninsula toward the Atlantic Ocean and the Delaware Bay
on the east and northeast and toward the Chesapeake Bay on
the west. The water changes northwestward and southeastward
from a variable-composition facies to a calcium plus magne-
sium bicarbonate facies. Some of the change in facies also is
due to northwestward truncation of local aquifers that contain
water of differing character.

In the western parts of the coastal plain of North Caro-
lina and Virginia, the hydrochemical facies of water in the
Chesapeake aquifer cannot be identified conclusively because
data are too sparse. Accordingly, the water is designated as
“variable composition.” Dissolved-solids concentrations in
water from this area are generally less than 250 milligrams per
liter. Seaward of this area in North Carolina, dissolved-solids
concentrations increase to more than 2,000 milligrams per liter
near the Albemarle Sound and the coast. Fossil shell material
in the aquifer is a source of dissolved calcium and magnesium
in the broad area mapped as calcium plus magnesium bicar-
bonate facies. Further eastward, clayey material in the aquifer
acts as a natural softening agent, exchanging sodium ions for
calcium to produce the sodium bicarbonate facies. The mix-
ing of fresh ground water with saline water in the low-lying
coastal area causes an increase in the dissolved-solids con-
centration of the water and a change to sodium chloride facies.

Total freshwater withdrawals from the Chesapeake aqui-
fer during 1985 were estimated to be 195 million gallons per
day. The distribution of major pumping centers, excluding ir-
rigation, during 1979 and 1980 is shown in figure 33. The
largest withdrawals of water were in New Jersey, although
pumping centers on the Delmarva Peninsula also withdrew
large volumes of water. Withdrawal centers in eastern North
Carolina and southeastern Virginia pumped only small to mod-
erate volumes of water.

About one-half of the freshwater withdrawn from the
Chesapeake aquifer during 1985 (about 95 million gallons per
day) was used for public supply (fig. 34). About 45 million
gallons per day was withdrawn for domestic and commercial
use. Agricultural withdrawals accounted for about 39 million
gallons per day during 1985, and only about 16 million gal-
lons per day was withdrawn for industrial, mining, and ther-
moelectric power uses.

The composite potentiometric surface of the
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Figure 34. Most of the freshwater with-
drawn from the Chesapeake aquifer during
1985 was used for public supply and domestic
and commercial purposes.




CASTLE HAYNE-AQUIA AQUIFER

The Castle Hayne—Aquia aquifer extends from New Jer-
sey southward to southeastern North Carolina (fig. 35). The
aquifer consists mostly of permeable strata of Eocene and Pa-
leocene age but locally includes rocks of Oligocene age. The
top of the aquifer is about at sea level in most places near its
northwestern limit and slopes seaward to depths of more than
750 feet below sea level in New Jersey and more than 1,250
feet below sea level on the Outer Banks of North Carolina. The
aquifer is absent in the southwestern one-third of the Delmarva
Peninsula, where its permeable beds grade eastward into clay.
A clayey confining unit overlies the aquifer almost everywhere
and is thickest on the western shore of the Chesapeake Bay
in Maryland where it consists of as much as 250 feet of diato-
maceous clay.

In New Jersey, the regional Castle Hayne—Aquia aquifer
consists of the local Piney Point and Vincentown aquifers
(fig. 21), which are thin sand aquifers within a thick confin-
ing unit of silt and clay. The name “Piney Point aquifer” is ap-
plied in this chapter to permeable, fine to coarse, glauconitic
sand (fig. 36) that was formerly correlated in New Jersey as
the Eocene Piney Point Formation but is now (1996) consid-
ered to be a separate, younger, unnamed sand that is hydrau-
lically connected to permeable sands of the Piney Point For-
mation in Maryland. The underlying Vincentown aquifer con-
sists of sparsely glauconitic quartz sand and fossiliferous, cal-
careous, quartz sand. In Burlington, Ocean, and Monmouth
Counties, N.J., moderately permeable sand of the Vincentown
aquifer grades southeastward into silt and clay within a few
miles of the outcrop area of the aquifer. In this area, the Vin-
centown aquifer is laterally separated from the Piney Point
aquifer by less permeable sediments (fig. 35). The maximum
thickness of the Castle Hayne—Aquia aquifer in New Jersey
is 220 feet, and the average thickness is about 90 feet.

Figure 36. Glauconitic
sand in New Jersey is typical
of the Castle Hayne—Aquia
aquifer north of North Caro-
lina. The small dark grains -
are pellets of glauconite,
which naturally softens
ground water by the ex-
change of sodium ions on the
surface of the mineral grains
for hardness-producing
calcium ions in the water.
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The regional Castle Hayne-Aquia aquifer in Delaware,
Maryland, and Virginia is subdivided into two local aquifers
(fig. 21). The upper aquifer, which is called the Piney Point-
Nanjemoy aquifer in Delaware and Maryland and the Chicka-
hominy-Piney Point aquifer in Virginia, consists of medium to
coarse glauconitic sand mainly in the Piney Point and the Nan-
jemoy Formations. The lower aquifer, which is called the
Aquia-Rancocas aquifer in Delaware and Maryland and the
Aquia aquifer in Virginia, consists of glauconitic sand of the
Aquia Formation or the Rancocas Group. The upper aquifer
consists predominately of Eocene sands, but contains some
sands of Oligocene age; the lower aquifer consists of Paleocene
sands. The aquifers are separated by a silt and clay confining
unit that ranges in thickness from a few feet in southern Vir-
ginia to as much as 210 feet in northeastern Maryland. The
maximum thickness of the Castle Hayne—Aquia aquifer in
Delaware, Maryland, and Virginia exceeds 460 feet, and the
average thickness is about 140 feet.

In North Carolina, the regional Castle Hayne—Aquia aqui-
fer consists of two local aquifers—the Castle Hayne aquifer (a
major aquifer) and the underlying, less important Beaufort
aquifer. The Castle Hayne aquifer is limestone, sandy marl, and
fine to coarse limey sand. It includes most of the Eocene Castle
Hayne Formation and the lithologically similar Oligocene River
Bend Formation. This aquifer is restricted to the eastern one-
half of the North Carolina Coastal Plain, and its average thick-
ness is about 185 feet. The Beaufort aquifer, which is fine to
medium glauconitic sand, contains thin beds of shell and lime-
stone. It extends farther north and south than the Castle Hayne
aquifer, but its thickness is generally less than 50 feet. The two
aquifers are separated by a confining unit of silt, clay, and
sandy clay that is generally less than 50 feet thick but is as
much as 180 feet thick along the coast.

The Castle Hayne—Aquia aquifer is considered to be a
major aquifer except for areas where the transmissivity of the
aquifer is less than 1,000 feet squared per day (fig. 35). In
these areas of low transmissivity, which are mostly in Virginia,
Maryland, and Delaware, the aquifer is thin. It thins westward
because it pinches out as a result of erosion, but the eastward
thinning is the result of a change in facies from sand to clay.
The transmissivity of the aquifer is highest in southeastern
North Carolina, where it is mostly a thick section of highly
permeable limestone.

Before ground-water withdrawals began, water moved
from recharge areas of higher altitude along the western limit
of the aquifer toward rivers, estuaries, bays, and the Atlantic
Ocean (fig. 37). In New Jersey, flow was generally toward the
ocean, the Delaware River, and the Delaware Bay. Flow in the
western shore of Maryland was from the northwestern limit of
the aquifer toward both the Potomac River and Chesapeake
Bay. A ground-water divide on the Delmarva Peninsula sepa-
rated flow to Chesapeake Bay from flow to Delaware Bay. In

Virginia, flow was generally along shorter flow paths from re-
charge areas toward the major rivers. The regional movement
of water in North Carolina was eastward, along long flow paths
from recharge areas that are less than 50 feet above sea level
(except for local areas in Bertie, Lenoir, and Duplin Counties)
toward sounds and the ocean.

In addition to lateral flow, water also entered and left the
Castle Hayne—Aquia aquifer from overlying and underlying
aquifers by vertical leakage through confining units. Because
the Castle Hayne—Aquia aquifer is buried throughout most of
its extent, it does not receive recharge directly from precipi-
tation and does not discharge by evapotranspiration. Never-
theless, where the aquifer is near the surface, most of the
ground water moved through local flow systems in which water
entered the aquifer by downward leakage through a confining
unit and discharged a short distance away by upward leakage
to another aquifer or to a stream.

Ground-water withdrawals lowered the hydraulic head in
the aquifer and formed cones of depression in its potentiomet-
ric surface (fig. 38). The direction of ground-water flow was
changed in and around the pumping centers, and was reversed
from the prepumping flow direction in some places (compare
figs. 37 and 38). Heads have declined in small areas in New
Jersey and the western shores of Maryland and Virginia as
a result of withdrawals at pumping centers. The most promi-
nent areas of decline in hydraulic head are in the central Del-
marva Peninsula, where water is withdrawn from the local
Piney Point and Aquia—Rancocas aquifers for public supply
and in the southern part of the North Carolina Coastal Plain,
where large volumes of water have been withdrawn from the
local, highly productive Castle Hayne aquifer for mining uses
and public supply.

Water in the Castle Hayne—Aquia aquifer changes in a
seaward direction from a calcium plus magnesium bicarbon-
ate hydrochemical facies along most of the western margin to
a sodium bicarbonate facies in the middle parts and then to a
sodium chloride facies near the coast (fig. 39). Dissolved-
solids concentrations in the water increase seaward from the
landward margins of the aquifer. These distributions are mostly
the result of natural ground-water flow patterns. Whole or bro-
ken fossil shell material characterizes the aquifer from New
Jersey southward through Virginia; in North Carolina, the aqui-
fer is mostly limestone. Chemical reactions between ground
water and the shell material or limestone minerals within
the aquifer near its western limit are predominately dissolu-
tion and precipitation of calcareous material, which results in
a calcium plus magnesium bicarbonate hydrochemical facies.
This facies is especially widespread in North Carolina because
of the abundant calcium and magnesium carbonate in the
Castle Hayne aquifer.

The band of sodium bicarbonate facies in the aquifer is
broader from New Jersey through Virginia than in North Caro-

lina. In this band, ion-exchange reactions predominate. Glau-
conite is abundant in the aquifer north of North Carolina and
is the principal agent in the exchange of sodium for calcium
ions, a process that produces a sodium bicarbonate type wa-
ter. The sodium chloride facies is in much of the low-lying
coastal area, particularly in North Carolina, where the mixing
of freshwater with saline water is the most important chemi-
cal process.

A small area of variable-composition facies is situated
along the outcrop of the aquifer in Anne Arundel County, Md.
Because the hydraulic gradient is steep, the ground water
moves rapidly and is in contact with aquifer minerals for only
a brief time. Accordingly, the water does not assume a distinc-
tive chemical type.

The distribution of major pumping centers that withdrew
water from the Castle Hayne—Aquia aquifer during 1979 and
1980 for all purposes except irrigation is shown in figure 40.
The largest withdrawals were in North Carolina. During 1980,
67 million gallons per day were pumped from the aquifer in
Beaufort County, N.C., to lower the pressure in the aquifer
under open-pit phosphate mines and to wash and process the
phosphate ore. Large volumes of water also were withdrawn
in North Carolina for public supplies for the cities of New Bern,
Jacksonville, and Wilmington. Most of the water withdrawn

‘from the aquifer in pumping centers in Virginia and northward

was used for public supplies and domestic and commercial
uses.

Total fresh ground-water withdrawals from the Castle
Hayne-Aquia aquifer were estimated to be 164 million gal-
lons per day during 1985. The amount of water withdrawn was
much greater in North Carolina than in the other Segment 11
States combined, and the use of the water also was much dif-
ferent (fig. 41).

About 76 percent of the total withdrawals, or about 125
million gallons per day, were in North Carolina (fig. 41A). Most
of the water withdrawn in North Carolina was used for min-
ing, industrial, and thermoelectric power purposes, with about
88 million gallons per day being pumped for this use; most of
this water was used by the mining industry. Withdrawals in
North Carolina for domestic and commercial, public supply,
and agricultural uses were about 21, 13, and 4 million gallons
per day, respectively.

About 24 percent of the total withdrawals, or about 39
million gallons per day, were in Virginia, Maryland, Delaware,
and New Jersey (fig. 41B). About 46 percent of the water
withdrawn, or about 18 million gallons per day, was pumped
for domestic and commercial uses. Withdrawals for public
supply were about 14 million gallons per day. About 5 million
gallons per day was withdrawn for mining, industrial, and ther-
moelectric power use, and about 2 million gallons per day was
withdrawn for agricultural purposes.

Figure 38. In 1980, cones of depression had formed on the potentio- &
metric surface of the Castle Hayne—Aquia aquifer in response to with- 754
drawals at major pumping centers. The most prominent area of water-
level decline is centered in Beaufort County, N.C., where large
volumes of water are pumped from the local Castle Hayne &
aquifer for phosphate mining and processing. With-
drawals also have created cones of depression in
Virginia, Maryland, Delaware, and New Jersey.

Figure 35. The top of the Castle Hayne -Aquia aquifer is slightly
above sea level along most of the northwestern boundary of the aquifer
but is more than 1,250 feet below sea level along the Outer Banks of
North Carolina. The ability of the aquifer to transmit water is
greatest in the coastal area of North Carolina.

Figure 37. Before ground-water withdrawals began, water in the
Castle Hayne—Aquia aquifer generally moved from areas of higher
altitude along the western limit of the aquifer toward major rivers,
estuaries, bays, and the Atlantic Ocean. Water moved to the )
Potomac River and Chesapeake Bay from a ground-water P
divide in southern Maryland and to Chesapeake and i
Delaware Bays from a similar divide in the
Delmarva Peninsula.
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Figure 41. Most of the freshwater withdrawn from the Castle
Hayne-Aquia aquifer in the North Carolina Coastal Plain during 1985
was used for industrial, mining, and thermoelectric power purposes (A);
most of this water was pumped for mining use. In contrast, most of the
freshwater withdrawn from the aquifer in Virginia and northward during
the same period was used for public supply and domestic and com-
mercial uses (B).
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SEVERN-MAGOTHY AQUIFER

The Severn—Magothy aquifer underlies most of the New
Jersey Coastal Plain and the Delmarva Peninsula and is on the
Maryland part of the western shore of Chesapeake Bay (fig.
42). The aquifer consists of permeable sand beds of Late Cre-
taceous age. The top of the aquifer is slightly above sea level
along its northwestern limit and slopes southeastward to
depths of more than 2,000 feet below sea level. Except where
it crops out near its western limit, the aquifer is overlain by a
confining unit of silt and clay.

The Severn—Magothy aquifer in New Jersey consists of
three local aquifers (fig. 21), which are named for the geo-
logic units that compose the aquifers. From top to bottom,
these are the Wenonah—Mount Laurel aquifer, the Englishtown
aquifer, and the upper (Magothy) part of the Potomac-
Raritan—Magothy aquifer. The Wenonah—-Mount Laurel aqui-
fer is predominately fine to medium glauconitic sand; the
Englishtown aquifer is fine to medium sand and has some beds
of clay and silt; and the Magothy aquifer typically consists of
well-stratified to crossbedded, fine to medium sand. Each of
the local aquifers is separated from the underlying aquifer by
a confining unit of clay and silt. The confining unit between
the Wenonah—Mount Laurel and the Englishtown aquifers is
generally from 25 to 70 feet thick; the one that underlies the
Englishtown aquifer is generally from 100 to 400 feet thick and
effectively isolates the deep Magothy aquifer from the overly-
ing aquifers. The maximum thickness of the Severn—Magothy
aquifer in New Jersey exceeds 720 feet, and the average thick-
ness is about 340 feet.

In Delaware, Maryland, and the Eastern Shore of Virginia,
the Severn—Magothy aquifer consists of sand beds in the
Severn Formation, the Mount Laurel Sand, the Matawan For-
mation (or Group), and the Magothy Formation. The sands are
generally similar in lithology to their equivalents in New Jer-
sey, except that the sands of the Severn, the Mount Laurel, and
the Matawan are thinner, finer grained, and contain more clay
than those in New Jersey; the Magothy Formation, therefore,
contains the principal water-yielding sands. Confining units of

|:| Severn-Magothy aquifer absent

——500— Top-of-aquifer contour— Shows altitude

clay and silt separate the local Severn and Matawan aquifers
and the local Matawan and Magothy aquifers. Each of the con-
fining units is generally from 50 to 75 feet thick in Delaware
but is thinner in Maryland and Virginia. The maximum thick-
ness of the Severn-Magothy aquifer in Delaware, Maryland,
and Virginia is about 385 feet; the average thickness is about
185 feet.

In a few local areas, the transmissivity of the Severn-
Magothy aquifer is less than 1,000 feet squared per day (fig.
42). The aquifer is thin in these areas and generally yields less
than 50 gallons per minute to wells. Throughout most of its
area, the aquifer has a transmissivity of less than 5,000 feet
squared per day, but transmissivity values exceed 10,000 feet
squared per day in two local areas in New Jersey.

Before development of the aquifer began, water levels in
the upper part of the regional Severn—Magothy aquifer were
more than 100 feet above sea level in places along a ground-
water divide in the central part of the New Jersey Coastal Plain
and in aquifer outcrop areas in Anne Arundel and Prince
Georges Counties, Md. (fig. 43). Water levels were less than
50 feet above sea level on the Delmarva Peninsula. Regional
ground-water movement was toward the Atlantic Ocean and
Chesapeake, Delaware, and Raritan Bays. Before pumping
began, the configuration of the potentiometric surface of the
local Magothy aquifer (the lower part of the regional Severn—
Magothy aquifer) was generally similar to that shown in fig-
ure 43. However, because recharge to the local Magothy aqui-
fer in New Jersey was impeded by the substantial thickness
of the overlying clay and silt confining unit, water levels in the
local Magothy aquifer were as much as 50 feet lower than
those in the upper part of the regional Severn—-Magothy aqui-
fer. For the upper and lower parts of the Severn-Magothy
aquifer, regional flow was along intermediate to long flow
paths, and the water moved from outcrop recharge areas to-
ward discharge areas at lowlands, major bays, and the Atlan-
tic Ocean. In addition to the lateral flow, water also moved
vertically into and out of the Severn—-Magothy aquifer from
overlying and underlying aquifers by leakage across confin-
ing units. Except in aquifer outcrop areas along its northwest-
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ern boundary, the Severn-Magothy aquifer is covered by a
confining unit and thus does not receive direct recharge by
precipitation, nor does it discharge water by evapotranspira-
tion.

Ground-water withdrawals caused a general decline in the
potentiometric surface throughout the aquifer, created cones
of depression in the potentiometric surface (fig. 44), and
changed the directions of ground-water movement near pump-
ing centers. In the upper part of the regional Severn—Magothy
aquifer, withdrawals lowered the potentiometric surface to
more than 150 feet below sea level in northeastern New Jer-
sey. Hydraulic heads were lowered below sea level over much
of the extent of the aquifer in eastern New Jersey, most of the
Delmarva Peninsula, and part of the western shore of Mary-
land as a result of pumping. The lowered heads resulted in in-
trusion of saline water into the aquifer along Raritan Bay. The
lowered hydraulic head in the Severn—Magothy aquifer in cen-
tral Delaware is attributed in part to withdrawals from the over-
lying Castle Hayne—Aquia aquifer (local Piney Point aquifer),
which caused water to move upward into the shallower aqui-
fer through a leaky confining unit.

By 1980, water-level declines in response to withdrawals
in southwestern New Jersey were larger in the lower part (lo-
cal Magothy aquifer) of the regional Severn-Magothy aquifer
than in the upper part. Much more water was pumped from
the lower part of the regional aquifer than from the upper part,
and the thick confining unit that overlies the lower part of the
aquifer retarded recharge from above. The potentiometric
surface was more than 75 feet below sea level in 1980 (fig.
44) in an area of central Camden County, New Jersey, where
the predevelopment potentiometric surface of the upper part
of the aquifer was more than 100 feet above sea level (fig. 43).
Withdrawals lowered the potentiometric surface below sea
level throughout most of the lower part of the regional aquifer
in New Jersey and resulted in saline water encroachment into
the aquifer in Salem County, N.J., and along Raritan Bay.

Hydrochemical facies in the upper part of the Severn-
Magothy aquifer show the same coastward sequence that is
typical of water in aquifers of the northern Atlantic Coastal

Estimated transmissivity of Severn—
Magothy aquifer based on aquifer
tests, geology, and simulation, in
feet squared per day

1,000
5,000
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of top of Severn-Magothy aquifer.
Contour interval 500 feet. Datum is

Plain—variable composition at the western margin, grading
eastward to calcium plus magnesium bicarbonate, grading, in
turn, to sodium bicarbonate, and, finally, to sodium chloride
in downdip parts of the aquifer (fig. 45). The facies generally
appear vertically in the same sequence downward in the aqui-
fer. Predevelopment ground-water flow patterns largely deter-
mine the distribution of hydrochemical facies and the seaward
increase in dissolved-solids concentrations in the water. Lo-
cal intrusion of saline water as a result of withdrawals is not
shown at this map scale.

The upper part of the regional Severn—Magothy aquifer
contains glauconite in most places. Glauconite is active in
base-exchange reactions—the mineral exchanges sodium ions
for calcium ions, which naturally softens the water. This proc-
ess is reflected by the broad band of sodium bicarbonate facies
across the Delmarva Peninsula and New Jersey (fig. 45).
Because the lower part of the Severn—-Magothy aquifer on the
western shore of Maryland does not contain glauconite, the
base exchange process is less active, and the band of sodium
bicarbonate facies is narrower. The dissolved-solids concen-
tration in water from the upper part of the Severn—-Magothy
aquifer increases downdip to more than 2,000 milligrams per
liter in southern New Jersey and the eastern Delmarva Pen-
insula (fig. 45). Mixing of freshwater with saline water in low-
lying coastal areas is responsible for the large increase in dis-
solved solids and the change to a sodium chloride facies.

Major pumping centers that withdrew water from the
Severn—Magothy aquifer during 1979 and 1980 were located
mostly near its western limit (fig. 46). The greatest rate of
withdrawal, by far, was in New Jersey; however, numerous
pumping centers also withdrew water in Maryland. Total fresh
ground-water withdrawals from the aquifer were estimated to
be 173 million gallons per day during 1985 (fig. 47). With-
drawals in New Jersey were 151 million gallons per day dur-
ing this period. Of the water withdrawn, 80 percent, or about
138 million gallons per day, was used for public supply. About
17 million gallons per day was withdrawn for industrial, min-
ing, and thermoelectric power purposes. Withdrawals for do-
mestic and commercial uses were about 14 million gallons per
day, and only about 4 million gallons per day was withdrawn
for agricultural use.
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Figure 42. The top of the Severn—-Magothy aquifer ranges EXPLANATION
from slightly abouve sea level near its northwestern limit to more
than 2,000 feet below sea level along the coast. The aquifer is most Limit of Severn-Magothy aquifer
transmissive in local areas of New Jersey and least transmissive
near its western and southwestern limits. —50—— Potentiometric contour—Shows altitude at which 50
water level would have stood in tightly cased
wells before development. Contour interval 25
feet. Datum is sea level
=3 Direction of ground-water movement =3
Figure 43. Before ground-water withdrawals began,
water levels in the upper part of the Severn—Magothy aquifer
were more than 100 feet above sea level in parts of New
Jersey and Maryland; water levels on the Delmarva Peninsula
were considerably lower. Flow was mostly toward discharge
areas such as Chesapeake, Delaware, and Raritan Bays, and
toward the Atlantic Ocean.
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Figure 45. Water in about one-third of the Severn-Magothy
aquifer is characterized by large dissolved-solids concentrations
and is a sodium chloride type.
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Figure 46. Most of the withdrawals from the Severn-Magothy
aquifer during 1979 and 1980 were along the inner margin of the
New Jersey Coastal Plain.
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Figure 44. In 1980, the potentiometric surface of the upper part of the
regional Severn—-Magothy aquifer showed that hydraulic heads were lowered
greatly in northeastern New Jersey by ground-water withdrawals and flow
directions shifted toward the pumping centers (A). Hydraulic heads were
lowered below sea level throughout most of the aquifer. Withdrawals from the
lower (local Magothy aquifer) part of the regional aquifer in Salem County,
N.J., created a deep cone of depression into which water moved from all
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Figure 47. Most of the freshwater withdrawn
from the Severn—Magothy aquifer during 1985 was
used for public supply.



PEEDEE-UPPER CAPE FEAR
AQUIFER

The regional Peedee—upper Cape Fear aquifer underlies
most of the North Carolina Coastal Plain and extends into a
small part of southeastern Virginia (fig. 48). The aquifer con-
sists of permeable sands of the Peedee Formation, the Black
Creek Formation, and the upper part of the Cape Fear For-
mation, all of Late Cretaceous age, and their stratigraphic
equivalents in Virginia. The Peedee—upper Cape Fear aquifer
is the lateral equivalent of the Severn—Magothy aquifer, but the
two aquifers are not known to be connected. A clayey confin-
ing unit overlies the Peedee—upper Cape Fear aquifer in most
places. The top of the aquifer is above sea level over much of
the western part of the North Carolina Coastal Plain and slopes
eastward to a depth of more than 3,000 feet below sea level
at Cape Hatteras. The entire aquifer contains saline water in
a large area in eastern North Carolina, approximately where
the top of the aquifer is 1,000 feet below sea level or deeper.
No fresh ground water circulates in the aquifer east of the line
that represents water with 10,000 milligrams per liter chloride
concentration (fig. 48).

The regional Peedee—-upper Cape Fear aquifer in North
Carolina consists of the local Peedee, Black Creek, and up-
per Cape Fear aquifers (fig. 21), which are separated by con-
fining units of clay and silt that generally range from 20 to 70
feet in thickness. The Peedee aquifer consists of fine to me-
dium glauconitic sand of the Peedee Formation, and contains
shell material and calcareous sandstone beds. The Black
Creek aquifer consists of very fine to fine lignitic, glauconitic,
and shelly sand interbedded with clay of the Black Creek For-
mation, and fine to medium sand, with lenses of coarse sand
and clay of the underlying Middendorf Formation. The Black
Creek aquifer is the thickest and most productive of the three
local aquifers. The upper Cape Fear aquifer consists mostly
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F ig ure 48. The top of the Peedee—upper Cape Fear aquifer is
deeper than 3,000 feet below sea level at Cape Halteras in eastern-
most North Carolina but is above sea level in much of the western
part of the State. The aquifer is most transmissive in the south-
eastern coastal area of North Carolina, but some of the water in

its deep parts contains objectionable concentrations of chloride.
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Figure 51. The hydrochemical facies of water in the Peedee-
upper Cape Fear aquifer changes seaward from a variable-composi-
tion type to a calcium plus magnesium bicarbonate type, then to

a sodium bicarbonate type, and finally to a sodium chloride type.
Concentrations of dissolved solids in the water are less than 250
milligrams per liter in much of the aquifer but rapidly increase
seaward.

of alternating beds of fine to medium sand and clay of the
upper part of the.Cape Fear Formation. The maximum thick-
ness of the regional Peedee—upper Cape Fear aquifer is about
1,200 feet; the average is about 570 feet. The greater thick-
nesses are along the coast, but the aquifer contains saline
water there.

In Virginia, sand beds equivalent to the upper part of the
Cape Fear Formation have been assigned to the local upper
Potomac aquifer (fig. 21). Beds equivalent to the local Peedee
and Black Creek aquifers are mostly absent in Virginia. The
average thickness of the regional Peedee-upper Cape Fear
aquifer in Virginia is about 95 feet.

Where the transmissivity of the Peedee—upper Cape Fear
aquifer is less than 1,000 feet squared per day (fig. 48), the
aquifer is considered to be a minor aquifer. Wells completed
in the aquifer in this low-transmissivity area yield less than 50
gallons per minute. By contrast, in some areas, the transmis-
sivity of the aquifer is greater than 10,000 feet squared per day;
in such areas, yields of 1,000 gallons per minute or more are
obtained from properly constructed wells.

The potentiometric surface of the Peedee—upper Cape
Fear aquifer was more than 400 feet above sea level in the
southwestern corner of the North Carolina Coastal Plain be-
fore ground-water withdrawals began (fig. 49). The high ar-
eas on the potentiometric surface coincide with the high alti-
tude of the land surface. By contrast, the potentiometric sur-
face in Virginia was less than 50 feet above sea level through-
out the aquifer. Ground water moved regionally from areas of
high hydraulic head, generally along the western limit of the
aquifer, toward areas of low head along the coast and beneath
sounds and estuaries. The direction of regional movement was
eastward and southeastward along long flow paths. Locally,
some water moved from recharge areas along short to inter-
mediate flow paths and discharged to streams. In addition to
the lateral flow indicated by the arrows in figure 49, water also
leaked through confining units vertically into and out of the

Peedee-upper Cape Fear aquifer from overlying or underly-
ing aquifers that had hydraulic heads greater than those in the
aquifer. Where the heads in the Peedee—upper Cape Fear aqui-
fer were higher than those in adjacent aquifers, the leakage was
reversed. Direct recharge by precipitation or discharge by
evapotranspiration took place where the aquifer is exposed at
the land surface.

The potentiometric surface of the aquifer has been low-
ered in and around pumping centers where large volumes of
water are withdrawn. The direction of ground-water movement
has been changed or, in places, reversed so that flow is toward
the pumping centers. Cones of depression (fig. 50) have
formed in the potentiometric surface of the upper part of the
aquifer around the areas where withdrawals are greatest. One
large area of decline in southeastern Virginia is the result of
pumping for public supply. Another area of decline in Beau-
fort County, N.C., is the result of large withdrawals from the
Castle Hayne—Aquia aquifer. The withdrawals from this shal-
lower aquifer, which are primarily for mining purposes, have
induced upward leakage of water from the Peedee—upper Cape
Fear aquifer through the confining unit that overlies it. The
hydraulic head in the middle part of the Peedee—upper Cape
Fear aquifer (the local Black Creek aquifer) has declined in
the area of Kinston and Greenville, N.C. (fig. 50), but the
decline is not evident in the potentiometric surface of the upper
part of the aquifer. The decline is the result of withdrawals for
public supply. Water levels in the local Black Creek aquifer
have been drawn down more than those in the overlying local
Peedee aquifer because most of the pumping wells are com-
pleted in the Black Creek aquifer and the confining unit that
overlies the Black Creek aquifer is thicker and retards flow
more effectively than the one above the Peedee aquifer.

The water in the upper part of the Peedee—upper Cape
Fear aquifer is of variable composition over a large area in the
western part of the North Carolina Coastal Plain (fig. 51). The
processes of dissolution of shell material and precipitation of
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carbonate minerals predominate in the area where the water
is a calcium plus magnesium bicarbonate type. In the south-
western part of the aquifer, the sodium bicarbonate facies is
adjacent to the variable-composition facies; because the
aquifer contains glauconitic sand and little or no shell mate-
rial, the calcium plus magnesium bicarbonate facies is absent.
A band of sodium bicarbonate facies is west of the widespread
area of sodium chloride facies that is the result of mixing of
saltwater and freshwater. The coastward progression of hydro-
chemical facies is typical of that in other aquifers of the North-
ern Atlantic Coastal Plain and is mostly the result of prede-
velopment ground-water flow patterns.

In the areas of variable-composition and calcium plus
magnesium bicarbonate facies, dissolved-solids concentra-
tions in water from the upper part of the aquifer are generally
less than 250 milligrams per liter. Dissolved-solids concentra-
tions increase coastward to more than 2,000 milligrams per
liter, mostly in the area of sodium chloride facies. In the east-
ernmost part of the North Carolina Coastal Plain, water in the
aquifer contains more than 10,000 milligrams per liter chlo-
ride (fig. 48) and probably as much as 20,000 milligrams per
liter dissolved solids in some places.

Numerous pumping centers withdrew water from the
Peedee—upper Cape Fear aquifer during 1979 and 1980 (fig.
52). Use of the aquifer was widespread during this period,
especially toward its western margin. The largest withdrawals,
however, were in the central parts of the aquifer, where sev-
eral cities withdrew water for public supplies.

Total fresh ground-water withdrawals from the Peedee—
upper Cape Fear aquifer were estimated to be 126 million
gallons per day during 1985 (fig. 53). Most of the water
(about 58 million gallons per day) was withdrawn for public
supply. Domestic and commercial withdrawals were about 40
million gallons per day, and about 28 million gallons per day
were withdrawn for industrial, mining, and thermoelectric

power uses.
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the Atlantic Ocean, sounds, and estuaries. Some water moved
locally to discharge to major streams. The regional direction of
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Figure 52. Most withdrawals from the Peedee—upper Cape
Fear aquifer during 1979 and 1980 were in a wide band that ex-
tends over about the western one-half of the aquifer.

F ig ure 50. In 1980, cones of depression had developed on
the potentiometric surface of the regional Peedee—upper Cape Fear
aquifer as a result of large ground-water withdrawals; the larger
cones are in southeastern Virginia and eastern North Carolina (A).
A substantial cone of depression from Pitt to Onslow Counties, N.C.
is developed in the middle part (local Black Creek aquifer) of the
regional aquifer, but is not evident on the potentiometric surface of
the upper part of the regional aquifer (B).
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Figure 53. The largest withdrawals of freshwater from the
Peedee—upper Cape Fear aquifer during 1985 were for public
supply. The second largest withdrawals were for domestic and
commercial uses.
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POTOMAC AQUIFER

The regional Potomac aquifer underlies the entire North-
ern Atlantic Coastal Plain except for small areas near the Fall
Line in Virginia, Maryland, and Delaware, and a multicounty
area in the western part of the North Carolina Coastal Plain
(fig. 54). The aquifer is the lowermost, and most widespread,
aquifer of the Northern Atlantic Coastal Plain aquifer system.
The Potomac aquifer consists mostly of permeable sands in
the Potomac Formation (or Group) and their stratigraphic
equivalents but includes younger, hydraulically connected,
permeable sediments. The top of the aquifer is above sea level
only in a narrow band near its western limit from New Jersey
southward to Northampton County, N.C. The aquifer is more
than 2,500 feet below sea level in southern New Jersey and
on the easternmost part of the Delmarva Peninsula and more
than 4,500 feet below sea level in easternmost North Caro-
lina. A confining unit of clay and sandy clay overlies the aquifer
in most places and is particularly effective in retarding verti-
cal flow near Cape May, N.J., where its thickness is greater
than 700 feet.

The regional Potomac aquifer in New Jersey includes the
middle and lower aquifers of the Potomac-Raritan-Magothy
aquifer system (fig. 21). The middle aquifer consists mostly
of permeable beds of the Raritan Formation and the undiffer-
entiated Potomac Formation and is mostly lenticular sand
bodies interbedded with clay and silt, predominately of fluvial
origin. The lower aquifer of the Potomac—Raritan—Magothy
aquifer system is similar in lithology to the middle aquifer but
contains more sand. The two local aquifers are separated by
an indistinctly defined confining unit of clay and sandy clay
that is generally from 50 to 150 feet thick where the regional
Potomac aquifer contains freshwater but is more than 1,000
feet thick at the southeastern tip of New Jersey, where the
aquifer contains saline water. The maximum thickness of the
regional Potomac aquifer in New Jersey is about 3,400 feet,
and the average thickness is about 630 feet. These thick-
nesses, as well as the those described below for the other
States, include clay between the deepest permeable sand and
bedrock and sands that contain saline water and effectively are
not part of the aquifer.

The regional Potomac aquifer in Delaware and Maryland
consists of the local Patapsco aquifer and the underlying lo-
cal Patuxent aquifer, both named for sand and gravel forma-

o ig ure 54. The top of the Potomac aquifer is above sea level along its

tions of the Potomac Group that crop out in the northern part
of the Maryland Coastal Plain. The Patapsco aquifer typically
is lenses of fine to medium sand that range in length and width
from a few feet to several miles, contain some gravel, and are
separated by clay beds. The Patuxent aquifer typically is me-
dium to coarse gravelly sand, and also is lenticular. A clayey
confining unit that separates the two local aquifers generally
is from 50 to 300 feet thick in northern Delaware and the
western shore of Maryland, where the regional Potomac aquifer
contains freshwater, but is more than 900 feet thick at the
mouth of Delaware Bay where the water in the aquifer is sa-
line. The regional Potomac aquifer thickens and contains more
clay to the southeast. The sediments that make up the Poto-
mac aquifer are predominately of fluvial and deltaic origin.
The maximum thickness of the aquifer in Delaware and Mary-

" land is about 5,000 feet, and the average thickness is about

1,600 feet.

The regional Potomac aquifer in Virginia consists of the
local middle and lower Potomac aquifers, which are approxi-
mately equivalent to the Patapsco and the Patuxent aquifers,
respectively, of Maryland and Delaware, and consist of fine to
coarse gravelly sand. The local middle and lower Potomac
aquifers are separated by a clayey confining unit that gener-
ally is from 15 to 100 feet thick in the western part of the
Coastal Plain where the regional Potomac aquifer contains
freshwater and as much as 175 feet thick on the Delmarva
Peninsula where the aquifer contains saline water. The maxi-
mum thickness of the regional Potomac aquifer in Virginia is
about 4,600 feet, and the average thickness is about 800 feet.

The regional Potomac aquifer in North Carolina consists
of two local aquifers—the lower Cape Fear aquifer and the
Lower Cretaceous aquifer (fig. 21). The lower Cape Fear aqui-
fer consists of fine to medium sand (interbedded with clay) of
the lower part of the Cape Fear Formation and other hydrau-
lically connected permeable sediments. The Lower Cretaceous
aquifer is predominately fine to medium sand with a few beds
of coarse sand and limestone, all of which are in Lower Cre-
taceous strata. These Lower Cretaceous beds are not exposed
at the surface, are known only through data from a few wells,
and have no formal stratigraphic names. The Lower Creta-
ceous aquifer has been defined only in the northern part of the
North Carolina Coastal Plain; farther south along the coast,
equivalent beds contain saline water. The maximum thickness
of the regional Potomac aquifer in North Carolina is about

4,900 feet, and the average thickness is about 500 feet.

The Potomac aquifer is considered to be a major aquifer
except for local areas in North Carolina where the transmis-
sivity of the aquifer is less than 1,000 feet squared per day
(fig. 54); in these low-transmissivity areas, the aquifer is thin.
The aquifer thins westward because it has been partly eroded
away, but the eastward thinning is due to a facies change from
sand to clay. The coastward increase in clay and decrease in
sand also is shown by the distribution of transmissivity in Vir-
ginia and northward. Transmissivity values increase eastward
from the western limits of the aquifer to its central parts, mostly
because the thickness of the aquifer steadily increases sea-
ward. East of the high-transmissivity areas, the transmissiv-
ity of the aquifer decreases due to the eastward change in
facies from sand to clay, even though the total thickness of the
aquifer continues to increase.

The potentiometric surface of the regional Potomac aqui-
fer was highest along its western limit and in a small area along
the South Carolina—North Carolina State line before withdraw-
als began (fig. 55). The potentiometric surface was higher at
or near the higher land altitudes and lowest where ground water
discharged to major rivers, bays, and the Atlantic Ocean. Re-
gional ground-water movement was eastward and southeast-
ward except in North Carolina where regional movement was
toward the central part of the Coastal Plain. Water that con-
tains concentrations of 10,000 milligrams per liter or more
chloride marks the limit of the fresh ground-water flow system.
Flow in North Carolina was effectively diverted by this saltwa-
ter body so that the ground water discharged to major streams
in the central Coastal Plain. Only lateral flow is shown by the
arrows in figure 55, but water also leaked vertically into and
out of the Potomac aquifer from the overlying aquifers. The
Potomac aquifer mostly is covered by confining units and thus
receives little direct recharge by precipitation or discharges
little water by evapotranspiration.

After withdrawals from the regional Potomac aquifer be-
gan, much of the flow was diverted toward major pumping
centers, and large cones of depression formed in the poten-
tiometric surface (fig. 56). A composite cone has developed
over most of the New Jersey Coastal Plain and part of north-
ern Delaware. By 1980, hydraulic heads in this area had de-
clined to more than 25 feet below sea level throughout the area
of the cone and to more than 100 feet below sea level in a
small area in Delaware. Saline water has encroached into the

Fi gure 56. The 1980 potentiometric surface of the regional Potomac

aquifer along Raritan Bay, along the lower Delaware River in
New Jersey, and around the harbor at Baltimore, Md., because
of the lowered hydraulic heads. A prominent composite cone
more than 100 feet below sea level around Franklin, Va., and
more than 50 feet below sea level in much of southern Virginia
also extends into North Carolina. The cone reflects large with-
drawals for industrial use, primarily to supply paper mills at
Franklin and West Point, Va.

Hydrochemical facies of water in the regional Potomac
aquifer show the same general seaward progression from vari-
able composition to sodium chloride facies as other Coastal
Plain aquifers (fig. 57). The variable-composition facies, how-
ever, is only in small areas where the aquifer crops out in New
Jersey and Maryland. Along much of the western boundary
of the aquifer in Delaware, southwestern Maryland, and north-
ern Virginia, the calcium plus magnesium bicarbonate facies
prevails. This facies might be the result of recharge by down-
ward leakage from overlying aquifers that contain carbonate
minerals in the form of shell material. The predominance of
sodium bicarbonate water in large areas of the aquifer results
partly from ion-exchange reactions that take place in water
that percolates downward through overlying aquifers and con-
fining units to the regional Potomac aquifer and partly from
ion-exchange reactions within the Potomac aquifer. Freshwa-
ter mixes with saline water in near-coastal areas of the aqui-
fer and produces the sodium chloride facies.

Most of the major pumping centers that withdrew water
from the Potomac aquifer during 1979 and 1980 were near its
western margin (fig. 58). However, large withdrawals were
made in Virginia in the central parts of the Coastal Plain. The
pumping centers in Virginia mostly supplied water for indus-
trial, mostly paper-manufacturing, uses; those farther north-
ward mostly provided public supplies.

Total fresh ground-water withdrawals from the Potomac
aquifer were estimated to be 251 million gallons per day dur-
ing 1985 (fig. 59). Of this amount, about 54 percent, or about
135 million gallons per day, was withdrawn for public supply.
Withdrawals for industrial, mining, and thermoelectric power
uses were the second largest withdrawal category; about 90
million gallons per day was pumped for those uses. Domestic
and commercial withdrawals were about 23 million gallons per
day, and only about 3 million gallons per day was pumped for
agricultural use.
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F igure 55. Before development began, water levels in the Potomac &Y
aquifer were highest along the western limit of the aquifer and lowest S
beneath major rivers, bays, and estuaries. Ground water moved
downgradient from areas of higher head toward areas of lower
head. Water that contains concentrations of greater than 10,000
milligrams per liter chloride in a wide area of the aquifer in
North Carolina and smaller areas in the eastern

western and northwestern limit from northernmost North Carolina to New
Jersey but slopes to more than 2,500 feet below sea level along the coast
of New Jersey and to more than 4,500 feet below sea level near Cape
Hatteras in easternmost North Carolina. The transmissivity of the
aquifer is highest near Chesapeake Bay and in central New
Jersey.

aquifer shows large composite cones of depression. The potentiometric
surface has been lowered locally to more than 100 feet below

[
”'f ~z§ sea level. The decline in parts of New Jersey and northern
‘ K @M-\mn By Delaware has resulted in the intrusion of saline water
é“ into the aquifer.
o
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P igure 57. Water of the variable-composition hydrochemical F igure 58. Large volumes of water were pumped
facies in the Potomac aquifer is only in small areas along the from the westernmost and central parts of the regional
north'ern pa'rt of the outcrop of the aquifer. The §odlum = Potqmac aquifer in Virginia and northward o
chloride facies is more than one-half of the aquifer . during 1979 and 1980.
and is the result of mixing of saline water with \
freshwater in downdip areas. (
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; - Fi igure 59. More than one-half of the freshwater withdrawn
from the regional Potomac aquifer during 1985 was used for public
s | : - supply. Large amounts of water also were withdrawn for industrial,
° ] f E mining, and thermoelectric power uses.
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