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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

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

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

Dallas L. Peck
Director
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METRIC CONVERSION FACTORS AND VERTICAL DATUM

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 inch-pound units By To obtain metric units
foot (ft) 0.3048 meter (m)
foot per second (ft/s) .3048 meter per second (m/s)
foot per year (ft/yr) .3048 meter per year (m/yr)
square foot per second (ft%s) .0930 meter squared per second (m?/s)
cubic foot per second (ft%/s) .02832 cubic meter per second (m®/s)
square foot per day (ft%/d) .0930 meter squared per day (m%d)
inch (in) 25.4 millimeter (mm)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)
mile (mi) 1.609 kilometer (km)
square mile (mi%) 2.590 square kilometer (km?)
million gallons per day (Mgal/d) .04381 cubic meter per second (m®%s)

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.



REGIONAL AQUIFER-SYSTEM ANALYSIS—SOUTHEASTERN COASTAL PLAIN

SUMMARY OF THE HYDROLOGY OF THE SOUTHEASTERN COASTAL
PLAIN AQUIFER SYSTEM IN MISSISSIPPI, ALABAMA, GEORGIA, AND
SOUTH CAROLINA

By JamEs A. MILLER

ABSTRACT

The Southeastern Coastal Plain aquifer system consists of a thick
sequence of predominantly clastic rocks of Cretaceous to late Tertiary
age that underlies an area of about 120,000 square miles in the Coastal
Plain of Mississippi, Alabama, Georgia, and South Carolina. Total
pumpage from the aquifer system during 1985 was estimated to be
about 650 million gallons per day, with about 250 million gallons per day
being pumped for public water supplies. The balance of the pumpage
was primarily for irrigation and rural domestic use.

The sediments that make up the aquifer system generally dip
seaward and thicken from a featheredge at the Fall Line, which marks
the system’s inland limit, to about 21,000 feet near the southwestern
Alabama coast. The rocks were deposited in fluctuating fluvial, mar-
ginal marine, and marine environments. Accordingly, they are com-
plexly interbedded, and their lithology and texture change greatly over
a short distance in many places. For purposes of this study, these
strata were grouped into seven hydrogeologic units—four regional
aquifers separated by three regional confining units—on the basis of
their lithology and hydraulic characteristies. On a more local scale, each
of these regional units can be divided into a sequence of smaller,
discrete aquifers and confining units.

The four regional aquifers, which consist mostly of sand but contain
minor amounts of gravel and limestone, have been named for major
rivers that cut across their outerop areas. From shallowest to deepest,
they are Chickasawhay River aquifer, Pearl River aquifer, Chatta-
hoochee River aquifer, and Black Warrior River aquifer. Regional
confining units, consisting of clay, mudstone, and chalk, carry the same
name as the aquifer they overlie; for example, the Pearl River confining
unit overlies the Pear] River aquifer. Some of the regional hydrogeo-
logic units grade laterally into units that are part of other regional
aquifer systems. Such gradation is particularly important in south
Georgia, where the clastic beds of the Southeastern Coastal Plain
regional aquifer system change facies to carbonate rocks and become
part of the Floridan aquifer system.

The overall pattern of regional ground-water flow in the aquifer
system is one of recharge in interstream outcrop areas, lateral move-
ment of the ground water down the dip of the beds into confined parts
of the aquifers, and discharge in downdip areas by diffuse upward
leakage. In places, however, much of the lateral movement is parallel
to the strike of the aquifers. Most of the precipitation that falls on the
outcrop areas of the aquifers is discharged to nearby streams as
overland flow, infiltrates to shallow depths and discharges to streams

as base flow, evaporates, or is transpired by plants. An average rate of
about 0.6 inch of precipitation per year enters the deep, confined parts
of the aquifer system, and about 0.5 inch per year of this deep recharge
discharges as base flow to major streams in the study area. The
residual of about 0.1 inch per year, coupled with about 0.1 inch per year
of downward leakage from the Floridan aquifer system, is the part of
the regional ground-water flow system simulated by a regional digital
computer model.

The hydraulic characteristics of the fluvial, clastic sediments that
make up the Southeastern Coastal Plain aquifer system are determined
primarily by the texture and degree of sorting of the sediments. These
characteristics are highly variable and relate directly to the energy
conditions that existed where a particular sediment was laid down. In
general, coarser sediments that were deposited in higher energy
environments are nearest the updip limits of the hydrogeologic units.
Fine-grained sediments were deposited in the generally quieter waters
in marine environments located closer to the modern coastline.

Values of transmissivity, storage coefficient, and leakance deter-
mined from aquifer tests were sparse, and the regional variations in
these hydraulic properties were determined largely from digital simu-
lation. Regional water budgets, also highly dependent on the results of
modeling, were calculated for 1900 (predevelopment) and 1985 (devel-
opment or pumping) conditions. Comparison of these budgets indicates
that there are four sources of the simulated pumpage of about 765 cubic
feet per second (about 495 million gallons per day) from the aquifer
system. In order of importance, they are reduction in base flow,
reduction in ground-water storage, decrease in flow to aquifers adja-
cent to the aquifer system in some areas, and increase in flow from
aquifers adjacent to the aquifer system in other areas. The first two
sources account for most of the pumpage.

The chemistry of the ground water in the Southeastern Coastal Plain
aquifer system varies predictably from outcrop recharge areas to
deeper, downgradient parts of the aquifers. These variations are
similar for all the regional aquifers included in the aquifer system.
Initial changes result from water-rock interactions, but downgradient
changes are largely the result of mixing with saltwater in the deeper
parts of the aquifers. Dissolved-chloride and dissolved-solids concen-
trations increase downgradient and directly reflect the degree of
saltwater being flushed from the deeper parts of the aquifers. In
contrast, dissolved-iron concentrations are highest in narrow middip
bands parallel to aquifer outerop areas and decrease downgradient as
iron-bearing minerals precipitate. The water can be grouped into three
dominant hydrochemical facies that result from the geochemical evolu-
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tion of the ground water. From outcrop areas downgradient, the facies
are calcium bicarbonate, sodium bicarbonate, and sodium chloride.
Geochemical modeling was used to demonstrate the likely chemical
processes that have produced the observed water chemistry. Ground-
water flow rates for the Pearl River, Chattahoochee River, and Black
Warrior River aquifers derived by geochemical methods are 18, 13, and
3 feet per year, respectively. These rates are compatible with rates of
14.8, 9.9, and 0.9 feet per year, respectively, independently derived
from digital simulations of the flow system.

INTRODUCTION

The U.S. Geological Survey in 1978 began a nation-
wide program designed to study the major ground-water
systems that provide a significant part of the Nation’s
water supply. The history, status, and progress of the
program, called the Regional Aquifer-System Analysis
(RASA) Program, have been discussed in detail by Sun
(1986). Each RASA study is charged with defining the
regional geology and hydrology of a particular aquifer
system, and with establishing a data base that can be
used to assess regional ground-water resources and to
support detailed local studies. The general objectives of
each study are to (1) define the regional hydrogeologic
framework of the aquifer system, (2) describe the
ground-water flow system as it existed before develop-
ment and as it exists today, (3) analyze the changes that
have occurred between predevelopment and present
flow systems, (4) integrate the results of previous studies
that address either individual aspects of the aquifer
system or local geographic areas, and (5) provide some
capability for evaluating the effects of future ground-
water development on the system. These objectives can
best be met by constructing a regional-scale digital model
of the aquifer system, supplemented by more detailed
subregional models, and by interpreting the distribution
and evolution of observed water-quality variations. The
Southeastern Coastal Plain aquifer system described in
this report is one of 28 regional aquifer systems identified
for study under the RASA Program.

The Southeastern Coastal Plain aquifer system con-
sists of a thick sequence of predominantly clastic sedi-
ments of Cretaceous to late Tertiary age that underlies
an area of about 120,000 mi® in the Coastal Plain of
Mississippi, Alabama, Georgia, and South Carolina.
Sand, sandstone, gravel, and minor limestone form the
system’s major aquifers, which are separated by confin-
ing units of clay, marl, mudstone, and chalk. The approx-
imate areal extent of the aquifer system is shown in
figure 1. The system extends eastward from the Missis-
sippi embayment in central Mississippi to the southwest-
ern flank of the Cape Fear Arch in northeastern South
Carolina. It is the source of the water supply for many
cities, including Tupelo and Columbus, Miss.; Selma and
Montgomery, Ala.; and Florence, Myrtle Beach, and
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Charleston, S.C. In many areas it is the only source of
freshwater. The amount of water pumped from the
aquifer system for industrial and agricultural uses is
small compared with municipal pumpage, but it has
increased in recent years. Cones of depression of local to
multicounty extent have developed in response to the
pumping, but the aquifer system as a whole shows little
hydraulic head decline from estimated predevelopment
water levels.

RELATION TO OTHER REGIONAL AQUIFER-SYSTEM
ANALYSIS STUDIES

The Southeastern Coastal Plain aquifer system is
located among four adjacent regional aquifer systems:
the Northern Atlantic Coastal Plain system to the north-
east, the Mississippi embayment and Coastal lowlands
aquifer systems of the Gulf Coastal Plain regional
aquifer-system study to the west and southwest, and the
Floridan aquifer system to the south and southeast (fig.
2). Aquifers and confining units that are part of the
Southeastern Coastal Plain aquifer system grade later-
ally into the Northern Atlantic Coastal Plain aquifer
system near the South Carolina~-North Carolina State
line (Meisler, 1980). In the southern parts of Alabama
and Georgia, and in southeastern South Carolina, the
Southeastern Coastal Plain aquifer system in part grades
laterally into, and in part is overlain by, highly prolific,
carbonate aquifers of the Floridan aquifer system
(Miller, 1986). In southwest Alabama and central Missis-
sippi, the Mississippi embayment and Coastal lowlands
aquifer systems (Grubb, 1984) partly overlie, and partly
are the lateral equivalent of, the Southeastern Coastal
Plain aquifer system. Because of the physical and
hydraulic interconnections of these major aquifer sys-
tems, computer simulations of adjoining parts of the
aquifer systems have been compared to ensure that there
are no conspicuous anomalies in hydraulic heads and that
reasonable amounts of water are simulated as passing
between the systems in the direction indicated by field
observations.

BACKGROUND, OBJECTIVES, AND APPROACH

No previous study has considered the Southeastern
Coastal Plain as a single hydrologic system. However, a
regional approach is required if such problems as multi-
county water-level declines or aquifer contamination by
saltwater encroachment are to be properly addressed. A
major advantage of such an approach is that the effect of
such conditions as severe drought or widespread, inten-
sive pumpage can be analyzed for the entire system, not
just a small part of it. A regional assessment of the















HYDROGEOLOGIC FRAMEWORK

laterally into, highly productive carbonate aquifers that
are part of the Floridan aquifer system. The intercon-
nection of the two aquifer systems receives special
attention in this chapter. A detailed study of stream-
aquifer relations is also presented.

Chapter G (Mallory, in press) addresses the hydrology
of Mississippi and western Alabama. Simulation results
for this subregion do not support the previously accepted
concept that all the ground-water flow is down the dip of
the aquifers from their outerop to the point where they
contain saline water. Rather, lateral flow, toward major
streams, predominates in many areas. Although geolog-
ically simple compared with the other subregions, the
area covered by chapter G is hydrologically complicated
because part of the Southeastern Coastal Plain aquifer
system grades into the Mississippi embayment aquifer
system. Parts of the Coastal lowlands aquifer system
overlie the Southeastern Coastal Plain aquifer system
throughout much of this subregion, but these two sys-
tems are vertically separated by a thick and effective
clay confining unit.

Chapter H (Planert and others, in press) describes the
hydrology of Alabama and contiguous parts of Georgia
and Mississippi. East-west and, to a lesser extent,
north-south facies changes create a complex hydrogeo-
logic framework in this area. As a result, an individual
formation may function as an aquifer in one part of the
subregion and as a confining unit in another part.
Locally, faulting has increased the vertical hydraulic
conductivity of some of the confining units; this accounts
for a corresponding increase in the degree of intercon-
nection of underlying aquifers with major streams.
Simulation is used to evaluate the effects of large ground-
water withdrawals near major municipalities. Inter-
connection between the Floridan and Southeastern
Coastal Plain aquifer systems in southern and southeast-
ern Alabama is assessed.

PREVIOUS WORK

Numerous reports have been published, chiefly by the
U.S. Geological Survey and by the States of Alabama,
Georgia, Mississippi, and South Carolina, that discuss
various aspects of the geology, hydrology, and water
chemistry of the study area. For the most part, the scope
of these reports is local or subregional. Data and inter-
pretations from many of these reports were used in
preparing the chapters of this Professional Paper, and
extensive lists of references are given in each chapter.
Some of the more important references that deal with the
study area as a whole or that provide extensive informa-
tion about a particular aspect of the system are listed
below.
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Reports describing hydrologic conditions in parts of
the Southeastern Coastal Plain aquifer system in its
early stage of development include those for Georgia by
MecCallie (1898, 1908), Stephenson and Veatch (1915),
Warren (1945), and LaMoreaux (1946); for Mississippi by
Stephenson and others (1928); for Alabama by Carlston
(1944); and for South Carolina by Siple (1957). More
recent, statewide or multicounty reports discussing the
hydrology and geohydrology of the aquifer system
include those for Alabama by Barksdale and Moore
(1976); for South Carolina by Siple (1967), Marine (1976),
and Hayes (1979); for Georgia by Pollard and Vorhis
(1980), Clarke and others (1985), and Brooks and others
(1985); and for Mississippi by Boswell (1963, 1976a, b,
1977, 1978a, b) and Gandl (1982). A noteworthy report
describing a digital computer model of part of the aquifer
system was written by Gardner (1981), and an overview
of the ground-water resources of the study area and
adjacent areas was presented by Cederstrom and others
(1979).

Descriptions of the regional geology and stratigraphy
in the study area include those by Murray (1961) and
Brown and others (1979). Contributions dealing with the
surface geology include those for Mississippi by Stephen-
son and Monroe (1940); for Alabama by Adams and
others (1926), Monroe (1941), and Copeland (1968); for
Georgia by Veatch and Stephenson (1911) and Cooke
(1943); and for South Carolina by Cooke (1936). Subsur-
face geology for South Carolina is discussed by Colqu-
houn and others (1983); for Georgia by Herrick (1961),
Herrick and Vorhis (1963), and Applin and Applin (1964);
for Alabama by Moore and Joiner (1969) and Moore
(1970); and for Mississippi by Cushing and others (1964).

The most important source of information has been the
great number of reports published by the States in the
study area and by the U.S. Geological Survey. The data,
analyses, and interpretations in these reports have pro-
vided the background and detailed information about the
aquifer system, the geology, and the water chemistry
throughout the four-State study area. Complete lists of
the references used can be found in chapters B through H
of this Professional Paper.

HYDROGEOLOGIC FRAMEWORK
REGIONAL SETTING

Sedimentary rocks in the Coastal Plain of the South-
eastern United States form a wedge-shaped body of
clastic and carbonate strata. These sediments generally
dip and thicken seaward, and range in thickness from a
featheredge at the Fall Line, which marks the updip limit
of the Coastal Plain, to a maximum penetrated thickness
of about 21,000 ft in southwestern Alabama. Coastal
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Plain rocks dip at a low angle coastward or toward the
axis of the Mississippi embayment. The gentle dip of the
rocks is locally interrupted by folding or faulting (Ren-
ken, 1984). Coastal Plain strata range in age from
Jurassie to Holocene and are underlain by nearly imper-
meable igneous, metamorphic, and sedimentary rocks of
early Paleozoic to early Mesozoic age that form the
Coastal Plain floor (Wait and Davis, 1986). In some parts
of the study area, these low-permeability rocks are a
southwestern extension of the Appalachian Mountains or
a southeastern extension of Piedmont rocks. Elsewhere,
they represent graben-fill sedimentary rocks and igne-
ous intrusives of Mesozoic age that may have formed in
an ancient rift system.

The poorly consolidated Coastal Plain rocks are easily
eroded when exposed at the surface. Where they consist
of clastic material, streams are gently to moderately
incised, and low, rolling hills are developed. Where
carbonate rocks are present, the topography is generally
flat to slightly rolling, streams are widely spaced, and
local to subregional karst topography is developed.
Relief is highest (a few hundred feet) near the Fall Line
and becomes progressively lower toward the coast.
Extensive, slightly dissected plains are characteristic of
large parts of the study area.

Coastal Plain sediments were deposited during a
series of transgressions and regressions of the sea.
Accordingly, the rocks represent depositional environ-
ments ranging from fluvial to shallow marine, with the
exact location of each environment dependent on the
relative position of landmasses, shoreline, and streams at
a given point in geologic time. Local unconformities mark
breaks in sedimentation that formed as the sea
encroached upon or receded from parts of the study area.
As in most regional studies, however, these unconform-
ities are not synchronous surfaces that extend through-
out the study area.

Changes in depositional conditions, primarily in
response to changes in sea level, account for the
observed complex variations in sediment lithology in the
study area. Because the lithology of the sediments
largely determines their hydraulic conductivity, this
property likewise is highly variable. Consequently, the
occurrence and direction of ground-water flow in the
Southeastern Coastal Plain aquifer system are greatly
controlled by the texture, composition, and character of
bedding of the rocks.

The clastic rocks that are the focus of this study grade
laterally southward in southern Georgia, southwestern
South Carolina, and southeastern Alabama into a thick
sequence of highly permeable carbonate rocks that are
part of the Floridan aquifer system (Miller, 1986).
Because the carbonate rocks were deposited by a gener-
ally transgressive sea, the Floridan aquifer system
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partly overlies the Southeastern Coastal Plain aquifer
system. Thus, there is direct hydraulic connection
between the two aquifer systems in many places, but the
carbonate rocks are not considered an integral part of the
hydrogeologic system described in this report. Deeply
buried rocks of Jurassic age in Alabama and Mississippi
are not considered part of the regional hydrogeologic
framework. These rocks contain water everywhere hav-
ing a dissolved-solids content of 10,000 milligrams per
liter (mg/L) or higher, indicating that little or no fresh-
water is circulating through them. Rocks of Early Cre-
taceous age likewise are excluded from study where they
contain water with similar dissolved-solids concentra-
tions. Locally, however, Lower Cretaceous rocks in
Alabama and Mississippi contain freshwater and are
included as part of the Southeastern Coastal Plain aqui-
fer system.

HYDROGEOLOGIC UNITS

The complexly interbedded, mostly clastic strata that
make up the Southeastern Coastal Plain aquifer system
contain numerous aquifers and confining units.
Sequences of permeable sediments or local aquifers that
can be shown to be hydraulically connected in varying
degrees are treated in this study as a single regional
aquifer. The degree of interconnection is judged primar-
ily by the similarity in hydraulic head among the local
aquifers. The difference in hydraulic head between
discrete local aquifers is generally much less than the
head difference between adjacent regional aquifers.
Sequences of confining beds that are lithologically similar
and can reasonably be assumed to be connected are
grouped in a similar fashion into regional confining units.
Regional confining units generally separate regional
aquifers; however, where a regional confining unit
pinches out, two regional aquifers may be in contact.
Similarly, two regional confining units may be directly
connected where the regional aquifer between them is
missing.

The rocks of the Southeastern Coastal Plain aquifer
system have been grouped into four regional aquifers
separated by three regional confining units (Renken,
1984). Each of these seven hydrogeologic units consists
for the most part of a sequence of sand or clay beds that
behave together as a single hydrologic unit. It is possible
to differentiate separate aquifers and confining beds
within each regional hydrogeologic unit on a more local
scale, and this has been done within each of the sub-
regional areas described in chapters E through H of this
Professional Paper. Subregional units have been delin-
eated in such a fashion that they represent subdivisions
of the regional hydrogeologic units. The aquifers of both
regional and subregional extent consist chiefly of coarse
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