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THE HYDROGEOLOGIC FRAMEWORK FOR THE SOUTHEASTERN COASTAL PLAIN

AQUIFER SYSTEM OF THE UNITED STATES

By Robert A, Renken

ABSTRACT

Tertiary and Cretaceous age sand aquifers of the Southeastern United States
Coastal Plain constitute a distinct multistate hydrogeologic regime informally
defined as the Southeastern Coastal Plain aquifer system. Seven regional
hydrogeologic units are defined; four regional aquifer units and three regional
confining beds. Sand aquifers of this system consist of quartzose, feldspathic,
and coarse to fine sand and sandstone and minor limestone; confining beds are
composed of clay, shale, chalk, and marl., Three hydrogeologic units of
Cretaceous to Holocene age overlie the sand system: the surficial aquifer, upper
confining unit, and Floridan aquifer system. These three units are not part of
the Southeastern Coastal Plain aquifer system, but are an integral element of the
total hydrogeologic system, and some act as a source of recharge to, or discharge
from the underlying clastic sediments. Low-permeability strata of Paleozoic to
early Mesozoic age form the base of the total system.

INTRODUCTION

Clastic sediments of Cretaceous and Tertiary age in South Carolina, Georgia,
Alabama, Mississippi, and adjacent areas of northern Florida and southwestern
North Carolina are an important source of ground water. The clastic sediments
described in this report comprise a major aquifer system in the Southeastern
United States Coastal Plain that is informally called the Southeastern Coastal
Plain aquifer system. This aquifer system can be traced from the southwestern
flank of the Cape Fear Arch in North Carolina into the Mississippi Embayment in
northern Mississippi.

The Southeastern Coastal Plain aquifer system is being studied as part of
the U.S. Geological Survey's Regional Aquifer-System Analysis program, a series
of investigations that present a systematic, unified regional overview and
assessment of the hydrogeologic and geochemical conditions of unique, multistate
aquifer systems. A major objective of these studies is to examine the pattern of
ground-water flow within the network of regional aquifers whose physical
boundaries extend beyond political subdivisions, and to develop a digital
computer simulation of such systems,

A regional hydrogeologic system, or aquifer system, can be described as a
body of strata having a wide areal distribution, and containing an extensive set
of aquifers and confining units. The aquifers are hydraulically connected in
varying degrees, and can be regionally treated as a single system. A
hydrogeologic framework is comprised of cross sections, structure contour, or
isopach maps that are used to graphically illustrate the spatial arrangement,
distribution, and physical attributes of the individual aquifers and confining
beds that are part of the regional ground-water flow system.
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The purpose of this report is to define the hydrogeologic framework of the
Southeastern Coastal Plain aquifer system; specifically, to describe the
configuration and overall character of the sand and clay bodies which form
regionally extensive aquifers and confining beds within that system. The
hydrogeologic framework presented in this article represents part of a
comprehensive regional outline adopted to study clastic aquifers throughout the
entire Southeastern United States Coastal Plain.

Eighty-eight wells are contained in one strike-oriented and five dip-
oriented hydrogeologic sections presented in this report and are used to
illustrate the hydrogeologic framework for the Southeastern Coastal Plain aquifer
system. Gulf Coast chronostratigraphic units (Murray, 1961) and regional hydro-
geologic units are denoted on the cross sections to illustrate the relation
between stratigraphy and changes in permeability of rock units in the
Southeastern Coastal Plain.

Location and Geographic Setting

The Southeastern United States Coastal Plain encompasses more than 120,000
mi2 in South Carolina, Georgia, Alabama, Mississippi, and adjacent counties in
North Carolina and northern Florida (fig. 1) and is drained by streams flowing
to the Gulf of Mexico and the Atlantic Ocean. The Cape Fear River in North
Carolina and the Mississippi River are the easternmost and westernmost streams
that drain the study area. The Coastal Plain of the Southeastern United States
includes the Sea Island, East Gulf Coastal, and a small part of the Mississippi
Alluvial Plain sections of the Coastal Plain physiographic province (Fenneman and
Johnson, 1946). The Southeastern United States Coastal Plain extends southward
to the Atlantic Ocean and the Gulf of Mexico from the Fall Line, a physiographic
boundary that marks its inner margin; it is bounded to the north by the Piedmont,
Valley and Ridge, Applalachian Plateau, and Interior Low Plateau physiographic
provinces. The Florida peninsula comprises part of the Coastal Plain but is not
included in the study area (fig. 1).

Geologic and Hydrogeologic Setting

Coastal Plain rocks in the southeastern United States form a thick wedge of
unconsolidated to poorly consolidated clastic and carbonate rocks that generally
dip gently seaward from the Fall Line. Coastal Plain rocks are underlain in
places by metamorphic, igneous, and sedimentary rocks of Paleozoic and early
Mesozoic age that are, in part, a southeastern extension of the Piedmont Province
and in places by sedimentary rocks of Paleozoic age which are a southwestern
extension of the Applachian Mountains. These rocks, taken together, are herein
referred to as the Coastal Plain floor.

Coastal Plain rocks are the product of the cyclic invasion and retreat of
ancient seas and were deposited from Jurassic to Holocene time under marine,
marginal marine, and nonmarine conditions. Deeply buried sedimentary rocks of
Jurassic age found in parts of Georgia, Alabama, Mississippi, and Florida,
however, are not considered to be part of the regional -hydrogeologic framework.
These rocks were excluded from examination as they are not known to contain
waters with a dissolved-solids content of less than 10,000 mg/L (milligrams per
liter); therefore, they are included as part of the Coastal Plain floor.
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the unit A3 grades into permeable limestone (Lawson Limestone) of Cretaceous age
that is part of the Floridan aquifer system.

Dark, massive marine clays of the Porters Creek Formation (Midwayan) and
calcareous to noncalcareous shale, chalky limestone, chalk, and carbonaceous clay
of the Selma Group form the effective C3 confining unit in Mississippi and
Alabama. Fissile, carbonaceous clay and shale considered to be part of the Eutaw
Formation of eastern Alabama and Georgia, varicolored clay of the upper part of
the Cape Fear Formation, and carbonaceous clays of Austin age found in the
subsurface of southeast South Carolina, combine with the Selma Group and Porters
Creek Formation to form the extensive regional confining unit (C3) (table 2,
plates 2 to 8).

The basal hydrogeologic unit A4 of the southeastern sand aquifer ranges in
age from middle Late Cretaceous (Austinian) to Early Cretaceous (Washitan-
Fredericksburgian) and is composed of medium to coarse, massively to thinly
bedded, angular to subangular, quartzose, glauconitic, feldspathic, calcareous to
noncalcareous, hematitic to limonitic sandstone and sand of fluvio-deltaic,
near-shore marine, and marine origin. Interbedded, varicolored and mottled clay,
shale, and siltstone form confining beds within this hydrogeologic unit. For
example, a massive marine shale that is part of the Tuscaloosa Group of early
Late Cretaceous age (Eaglefordian to Woodbinian) (Mancini and others, 1980)
divides the A4 aquifer into upper and lower permeable zones in downdip areas of
southern Mississippi, Alabama, northern Florida, and in southwest and south-
central Georgia (plates 7 and 8). :

Relatively impermeable sediments of Jurassic to Paleozoic age, along with
various kinds of crystalline rocks, form the base of the southeastern sand
aquifer. Several rock types comprise the aquifer system's base: shale,
sandstone, limestone, and minor salt of Jurassic age; fanglomerate, claystone,
siltstone, sandstone, and conglomerate of Triassic age interbedded with flows,
sills, and dikes of basic igneous rock; gneiss, schist, and felsic intrusive
rocks of Paleozoic age; and alternating sequences of Paleozoic sandstone,
limestone, and shale.

SUMMARY

This report outlines the hydrogeologic framework to be used in a regionwide
study of Tertiary and Cretaceous sand aquifers of the Southeastern United States
Coastal Plain. Six hydrogeologic sections are presented to illustrate the
relation between regional hydrogeologic and stratigraphic units and to show the
distribution, arrangement, and lithic character of sand and clay bodies that
comprise the water-bearing and confining units of the Southeastern Coastal Plain
aquifer system.

Coastal Plain strata from Mississippi to South Carolina and adjacent areas
were studied to insure a uniform treatment of the regional permeability units
that are herein placed in a hydrogeologic framework suitable for a digital
computer model study. The complex stratigraphic and hydrogeologic nature of the
rocks comprising the southeastern Coastal Plain was greatly idealized and
generalized in order to minimize the number of regional hydrogeologic units, so
as to reduce the complexity of the digital model, as well as to allow data to be
more easily extrapolated into areas of sparse control.
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Because aquifers do not necessarily conform to time- or rock-stratigraphic
boundaries, a separate rationale was used to delineate regionally extensive
hydrogeologic units. Coastal Plain strata were classified as regional aquifer or
confining units on the basis of relative permeability. Regionally extensive
permeable strata having a wide distribution and a large degree of intercon-
nection, similar lithology, and similar hydraulic characteristics were considered
to function as a single aquifer unit on a regional scale. Because regional
hydrogeologic units contain all or parts of several geologic units, an alpha-
numeric system of aquifer and confining bed terminology was used.

Several hydrogeologic units overlie the Southeastern Coastal Plain aquifer
system; although they are not considered to be part of the sand system, some
serve as a source of recharge to or discharge from the underlying strata. The
uppermost surficial aquifer is comprised of unconsolidated sand and gravel and
contains water under unconfined conditions and is present in much of the study
area. In Georgia, northern Florida, and southwestern Alabama, it is underlain by
low-permeability strata of the upper confining unit. Carbonate rocks of the
Floridan aquifer system form a major water—bearing unit in the southeastern
Coastal Plain and consist of poorly consolidated to unconsolidated, fossili-
ferous limestone and dolomite; in large part this system overlies, and is
hydraulically connected to, the Southeastern Coastal Plain aquifer system.

Seven hydrogeologic units, four regional aquifers separated by three
regional confining units, constitute the Southeastern Coastal Plain aquifer
system. The uppermost aquifer Al is comprised of arenaceous strata interbedded
with interbedded limestone, marl, and clay of Oligocene to Miocene age. Present
in southern Mississippi and southwest Alabama, the Al aquifer is separated from
underlying clastic aquifers by the marine, calcareous clays of late Eocene to
early Oligocene age. The regional aquifer A2 is composed of very fine to coarse,
glauconitic, quartz sand interbedded with carbonaceous, calcareous clay and shale
of Cretaceous to Eocene age that form local confining beds. The A2 hydrogeologic
unit largely represents the updip clastic equivalent of the Floridan aquifer
system in Alabama, Georgia, and South Carolina. The A2 unit is separated from
deeper sand aquifers by several distinct stratigraphic horizons of low
permeability composed of clay, marl, and mudstone that are treated together as
regional confining unit C2. The underlying A3 aquifer unit consists of a series
of lenticular to wedge-shaped glauconitic, quartzose sand bodies of Cretaceous to
Paleocene age interbedded with local carbonaceous clay and shale confining beds.
The A3 aquifer unit grades to the west and in downdip areas of eastern Alabama
and western Georgia into chalk, clay, and shale of the Selma Group and Porters
Creek Formation. In southeast Georgia, the A3 hydrogeologic unit grades into
permeable limestone of the Floridan aquifer system; the unit is present in
northern Mississippi only as a patchy sand body of limited extent. Chalk, marl,
varicolored clay, and carbonaceous shale act as an effective confining bed (C3)
underlying the A3 unit and separating it from a deeper aquifer unit (A4). The
basal A4 aquifer unit consists of massive to thinly bedded, fine to coarse,
quartzose, glauconitic, feldspathic sand bodies interbedded with shale, clay, and
siltstone of middle Late Cretaceous to Early Cretaceous age. Low-permeability
crystalline rocks and sediments of Jurassic to Paleozoic age form the base of the
Southeastern Coastal Plain aquifer system.
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