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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

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

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

Dallas L. Peck
Director
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METRIC CONVERSION FACTORS

For readers who wish to convert measurements from the inch-pound system of units to the metric
system of units, the conversion factors are listed below:

Multiply By To obtain
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (mi%) 2.590 square kilometer (km?)
square foot per day (ft%/d) 0.0929 square meter per day (m%d)
gallon per minute (gal/min) 0.06308 liter per second (L/s)

ALTITUDE DATUM

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of
both the United States and Canada, formerly called Sea Level Datum of 1929.









INTRODUCTION

75 mi eastward from the present coastline to the edge of
the Continental Shelf. The Coastal Plain is underlain by
a series of eastward- and southeastward-dipping depos-
its of mostly unconsolidated gravel, sand, silt, and clay.
These sediments form a wedge-shaped body overlying a
basement complex of Precambrian to Paleozoic crystal-
line rocks and Mesozoic rift-basin sedimentary rocks.
The sediments of the Coastal Plain range in thickness
from zero at the Fall Line, where the basement rock is
exposed, to about 7,700 ft at Ocean City, Md. (Hansen
and Edwards, 1986). The approximate altitude of the top
of pre-Cretaceous basement rock is shown in figure 3.

In the present study, the Coastal Plain sediments of
Maryland, Delaware, and the District of Columbia have
been divided into 11 aquifers and 10 confining units.
Listed in ascending order, the layers are the Patuxent
aquifer, the Potomac confining unit, the Patapsco aqui-
fer, the Patapsco confining unit, the Magothy aquifer,
the Matawan confining unit, the Matawan aquifer, the
Severn confining unit, the Severn aquifer, the lower
Brightseat confining unit, the Brightseat aquifer, the
upper Brightseat confining unit, the Aquia-Rancocas
aquifer, the Nanjemoy-Marlboro confining unit, the
Piney Point-Nanjemoy aquifer, the lower Chesapeake
confining unit, the lower Chesapeake aquifer, the St.
Marys confining unit, the upper Chesapeake aquifer, the
upper Chesapeake confining unit, and the surficial aqui-
fer. Relations among these informal hydrologic units and
formal stratigraphic units, as well as generalized hydro-
logic descriptions and lithologic descriptions, are shown
on plate 1.

PREVIOUS INVESTIGATIONS

The stratigraphy of the Atlantic Coastal Plain has been
the subject of numerous investigations. Studies that
encompass the entire Coastal Plain include those of
Richards (1948), LeGrand (1961), Maher (1965, 1971),
the U.S. Geological Survey (1967), and Brown, Miller,
and Swain (1972).

In addition to regional studies, a number of studies of
specific formations have been conducted. Glaser (1969, p.
8) summarized the stratigraphic work on the Cretaceous
Potomac Group in Maryland and Delaware up to 1969.
The current practice in Maryland (Doyle and Robbins,
1977; Hansen, 1982, p. 3; and Jordan and Smith, 1983) is
to divide the Potomac Group into three formations near
the outerop, a concept first introduced by Clark (1910).
Listed in ascending order, the three formations are the
Patuxent, the Arundel, and the Patapsco.

Several attempts have been made to subdivide the
Potomac Formation, the Delaware equivalent of Mary-
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land’s Potomac Group, into smaller units on the basis of
stratigraphy; however, the results of the studies showed
that individual sand or clay units could not be success-
fully correlated over even short distances. The strati-
graphic difficulties in correlating these sediments have
been discussed by Spoljaric (1967, p. 3), Jordan (1968,
p. 79; 1983, p. 33-35), and Hansen (1969a, p. 1924; 1969b,
p. 329). Despite the stratigraphic ambiguities, hydro-
logic evidence has been useful in subdividing the Poto-
mac Formation into two (Sundstrom and others, 1967, p.
21) or three (Rasmussen and others, 1957, p. 111; Martin,
1984) sandy units that are interbedded with clay lenses
and are separated by clayey units interbedded with sand
lenses.

The hydrogeology and ground-water resources of the
Coastal Plain in Maryland, Delaware, and the District of
Columbia have been investigated since the 1800’s.
Among the earliest investigations was a discussion by
Levi Disbrow (Silliman, 1827) of the ground-water sup-
plies in the area of Baltimore, Md. The first multi-State
hydrogeologic studies were those by Darton (1896, 1902)
and Clark, Matthews, and Berry (1918).

Back (1966) investigated the regional ground-water
flow patterns of the Atlantic Coastal Plain. Discussions
of the Coastal Plain ground-water system of Maryland
and the District of Columbia include those by the Mary-
land State Planning Department (1969), Hansen (1972),
and Miller and others (1982). Sundstrom and others
(1976) and Miller (1971) discussed the Coastal Plain
aquifers of Delaware. Cushing and others (1973) studied
the Coastal Plain aquifers east of the Chesapeake Bay.
The water resources of the Delaware River basin were
studied by Parker and others (1964).

The hydrogeology of Maryland has been discussed in a
series of county reports that began in 1949 and a series of
investigative reports that began in 1966. These reports
were published by the Maryland Geological Survey. The
Delaware Geological Survey has also published ground-
water investigations that deal with the Coastal Plain. In
general, the earlier reports established a basic hydroge-
ologic framework that the later investigations expanded
upon and applied to more quantitative investigations of
the aquifer system.

The hydrology of aquifers in the Potomac Group in
Maryland has been studied by Hansen (1968, 1978, and
1981a), Mack (1966), and Otton and Mandle (1984).
Sundstrom and others (1967) and Martin and Denver
(1982) examined the hydrology of the Potomac Forma-
tion in Delaware. Mack (1974) and Mack and Mandle
(1977) studied the Magothy aquifer west of the Chesa-
peake Bay. The Aquia aquifer in Maryland was studied
by Hansen (1974), Kapple and Hansen (1976), and
Chapelle and Drummond (1983). The Piney Point aquifer
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location of B-B’.

defined by Dunbar and Rogers (1957). The lithotypes are
nonmarine (or fluviodeltaic), strand zone (or fluviomar-
ginal), and marine (or shelf). The lithotypes can occur
together as either transgressive or regressive associa-
tions. Transgression results in deposition of an upward
succession of increasingly deep-water sediments.
Regression usually results in deposition of an upward
succession of increasingly shallow-water sediments.

The relation between depositional environment and
the distribution of transmissivity in the Maryland
Coastal Plain has been studied by Hansen (1971). He
pointed out that areas of high transmissivity in nonma-
rine sediments generally are subparallel to regional dip
and reflect fluvial processes such as channel filling.
Hansen also noted that areas of high transmissivity in

marine sediments generally occur in tracts that are
subparallel to regional strike and reflect sediment redis-
tribution due to processes such as longshore drift. The
nearshore facies receive sediment from both fluvial
systems and longshore drift. Waves, particularly storm
waves, winnow out the fine material that eventually
settles out in the deeper, less energetic water (Hansen,
1972, p. 63). Thus, nearshore facies (above wave base)
are predominantly silt and sand, but, farther offshore
(below wave base), the sediments are generally finer
grained and are mostly clay and silt (Hansen, 1971, p.
138).

Variations within fluvial environments of deposition
characteristically produce different types of aquifers. In
braided streams, repetition of bar formation and channel



































































































SELECTED REFERENCES

and lighter in color than that of the underlying aquifers
(Sundstrom and Pickett, 1969, p. 25).

Aquifer characteristics.—The surficial aquifer east of
the Chesapeake Bay is a major source of water for
industrial and municipal use, particularly in areas where
the sand occurs as thick fill in paleochannels cut into
older sediment. West of the Chesapeake Bay, the aquifer
is largely undeveloped but is a source for numerous rural
water supplies.

Over most of the area, the surficial aquifer is uncon-
fined. Areas of local confinement (Weigle, 1974, p. 32)
are probably not extensive enough to be considered as a
regional confined aquifer. The sand occurs as isolated
patches of channel fill in northern Delaware and occurs as
a broad sheet in central and southern Delaware. Sand
thickness increases southward across Delaware and
attains a saturated thickness greater than 180 ft in
southeastern Delaware (Johnston, 1973, p. 11). The
thickest sand in Maryland occurs along a narrow paleo-
channel in Wicomico County where more than 200 ft of
sediment has accumulated.

Transmissivity also increases southeastward across
Delaware, ranges up to 22,000 ft?/d, and averages about
9,000 ft%d (Johnston, 1973, p. 32). East of the Chesa-
peake Bay in Maryland, transmissivity ranges from
about 4,000 ft*/d in Queen Annes County to about 53,600
ft?d in Wicomico County (Mack and Thomas, 1968, p.
53). West of the Chesapeake Bay, transmissivities are
substantially lower. In Charles County, for example,
values are reported to be less than 130 ftd (Slaughter
and Otton, 1968, p. 39). The aquifer storage coefficient
has been reported to be about 0.15 in both Maryland
(Rasmussen and Slaughter, 1957) and Delaware
(Johnston, 1973).

SUMMARY

The Coastal Plain sediments in Maryland and Dela-
ware form an eastward-thickening wedge of sand and
clay that was deposited in a variety of sedimentary
environments related to sediment input and sea-level
changes. The pre-Pleistocene depositional history can be
divided into three major transgressive-regressive cycles
(Glaser, 1968). The first marine transgression began
following deposition of the Lower Cretaceous Potomac
Group and continued through deposition of the Upper
Cretaceous Severn Formation. Formations constituting
the first regressive sequence are the Brightseat and
Aquia Formations and the Marlboro Clay, all Paleocene
and early Eocene in age. A rapid marine transgression
followed and is marked by the basal clay and silt beds of
the Eocene Nanjemoy Formation. The Nanjemoy For-
mation coarsens upward and indicates reversal of the
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transgression and progressive shallowing of the sea. The
sediments of the Eocene Piney Point Formation were
deposited by the regression that continued into Oligo-
cene and Miocene time and that resulted in erosion of
parts of the Piney Point Formation in updip areas.
Initiation of the third transgressive sequence is marked
by the basal beds of the middle Miocene Calvert Forma-
tion. By the late Miocene, a major regression was
occurring, as evidenced by the shallow marine or fluvial
deposits of the so-called Yorktown and Cohansey(?)
Formations (Rasmussen and Slaughter, 1955). In addi-
tion to the major sedimentary sequences described
above, the Miocene and younger beds record numerous
minor transgressive and regressive cycles.

As part of the U.S. Geological Survey’s Region Aqui-
fer System Analysis of the northern Atlantic Coastal
Plain, the sediments of Maryland, Delaware, and the
District of Columbia are grouped into 11 predominantly
sandy aquifers separated by 10 predominantly silty and
clayey confining units. Listed from stratigraphically low-
est to highest, the layers are the Patuxent aquifer, the
Potomac confining unit, the Patapsco aquifer, the Patap-
sco confining unit, the Magothy aquifer, the Matawan
confining unit, the Matawan aquifer, the Severn confin-
ing unit, the Severn aquifer, the lower Brightseat con-
fining unit, the Brightseat aquifer, the upper Brightseat
confining unit, the Aquia-Rancocas aquifer, the
Nanjemoy-Marlboro confining unit, the Piney Point-
Nanjemoy aquifer, the lower Chesapeake confining unit,
the lower Chesapeake aquifer, the St. Marys confining
unit, the upper Chesapeake aquifer, the upper Chesa-
peake confining unit, and the surficial aquifer. The
grouping of aquifers and confining units into a complex
aquifer system is useful within certain constraints to
understand ground-water flow in the Coastal Plain of
Maryland, Delaware, and the District of Columbia on a
regional basis.
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