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Figure 2.—Geologic map of the Gulf Coastal Plain
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INTRODUCTION

The Gulf Coast Regional Aquifer-Systems Analysis covers approximately 290,000
square miles in Alabama, Arkansas, Florida, Illinois, Kentucky, Louisiana, Mississippi,
Missouri, Tennessee, and Texas, including the continental shelf along coastal States.
The area to be studied encompasses most of the Gulf Coastal Plain from the Rio Grande
on the west to the western tip of Florida on the east and includes most of the Missis-
sippi embayment. The overall objective of the study is the investigation of the hydrology
and geochemistry of major Cenozoic aquifer systems. This report describes the gen-
eralized geohydrologic framework within which these aquifer systems occur. Illustra-
tions and descriptive material are based primarily on available data and published reports.

The author is indebted to personnel in the Geological Survey Water Resources
Division district offices in the States encompassed by the study area. In addition, valuable
specific contributions were made by Gulf Coast Regional Aquifer-Systems Analysis sub-
project chiefs for the several States involved in the investigation. They are: Alabama
and Florida, J. A. Miller; Arkansas, A. H. Ludwig; Kentucky, R. W. Davis; Louisiana,
Angel Martin, Jr.; Mississippi, J. K. Arthur; Missouri, T. O. Mesko; Tennessee, W.
S. Parks; and Texas, Sergio Garza.

GEOLOGIC BACKGROUND

Since Cretaceous time, the Gulf Coastal Plain (including the Mississippi embay-
ment) has been exposed to a series of cyclic marine and nonmarine depositional en-
vironments as the sea alternately advanced and retreated over the area. As a result
of these alternating depositional conditions, vast layers and lithofacies of sands and
clays were formed. These deposits comprise the regional aquifer system and generally
dip and thicken gulfward and toward the axis of the Mississippi embayment trough (fig.
1). Except where they are masked by surficial Quaternary sediments, these units crop
out in bands of varying widths that generally parallel the boundary of the Coastal Plain
(fig. 2). At the present shoreline of the Gulf, the post-Cretaceous sediments are several
tens of thousands of feet thick—too thick to be fully penetrated by current drilling
equipment.

The marine units generally are represented by areally extensive and continuous
clay beds that may contain minor amounts of calcareous or glauconitic materials. Con-
tinental deposition produced sand layers of greatly varying extent and continuity, as
interbedded clays and silts are common in parts of the section; the presence of lignite
in some of these sediments indicates probable lagoonal and palustrine subenvironments.
Thinly interbedded fine sands, silts, and clays that commonly contain carbonaceous
material typify sedimentation in deltaic environments. The thickness and extent of these
deposits suggest that these conditions persisted for long periods of time.

PALEOCENE SERIES

Sediments of the Midway Group, which represent the earliest Tertiary deposition,
were laid down during the Paleocene Epoch in the most extensive sea of the Tertiary
Period. The Midway sea reached at least as far north as the southern tip of Illinois.
That the sea’s extent was somewhat greater than the present area of occurrence of
Midway deposits is evidenced by the fact that the outcrop of the Midway Group is a
truncated surface; the extreme updip portions of the beds have been removed by ero-
sion. Midway beds are mostly marine clay with minor calcareous zones. The entire
Midway section becomes increasingly calcareous eastward into Alabama and Florida.

Workers in the area have variously placed the boundary between the Paleocene
and Eocene Series either at the top of the Midway Group or within the overlying Wilcox
Group. Current usage by the U.S. Geological Survey places the Paleocene-Eocene
boundary within the Wilcox Group.

EOCENE SERIES

The Eocene Epoch saw a succession of continental and marine depositional en-
vironments. Beds of the upper part of the Wilcox Group, Claiborne Group, and Jackson
Group that comprise the Eocene Series attain thicknesses of thousands of feet along
the coast. The change from Midway to Wilcox rock types generally is gradational and
does not indicate a hiatus in deposition. The Wilcox deposits are mostly continental
in origin and are the most heterogeneous in the entire section studied. The variety of
depositional subenvironments, such as fluvial, lacustrine, palustrine, lagoonal, and
deltaic, produced complexly interbedded sands, silts, clays, and lignite. Although most
of the sediments are fine grained and thinly bedded, massive coarser sands do exist.
The Wilcox Group is not differentiated in most of the Gulf Coastal Plain. In general,
where it has been differentiated on the surface, the units cannot be traced for signifi-
cant distances in the subsurface.

Deposition of the Claiborne Group began with the deposition of a blanket of very
clean sand over an eroded, irregular Wilcox surface. In places the sand is absent, possibly
marking the locations of old Wilcox topographic highs. Deposition of this nonmarine
sand began a cycle of several alternating marine and nonmarine depositional cycles
that lasted throughout the remainder of the Eocene Epoch. As a result of the oscillating
sedimentary modes, distinctive lithologies enable the Claiborne Group to be differen-
tiated into several formations. These units, which can be traced in the subsurface, at-
tain a cumulative thickness of several thousand feet near the coast.

The Eocene Epoch ended with the withdrawal of the Jackson sea, which was also
the last marine invasion of the upper Mississippi embayment. Deposits of the Jackson
Group (Jackson Formation in Kentucky, Missouri, and Tennessee) are almost entirely
marine and are undifferentiated in much of the area. Minor amounts of interbedded
sand suggest temporary recessions of the sea during the middle of Jackson deposition.
Violent volcanic activity during late Eocene to the west and southwest of the area ejected
huge quantities of volcanic ash into the atmosphere. Some Jackson beds contain con-
siderable amounts of this ash. Maximum thickness of the unit exceeds 1,000 feet in
the southern part of the area.

HYDROLOGIC INVESTIGATIONS
ATLAS HA-695 (SHEET 1 OF 2)

OLIGOCENE SERIES

Oligocene deposits are represented mostly by the marine beds of the Vicksburg
Group (Vicksburg Formation in Louisiana), which were formed in a more restricted
sea than those associated with earlier Tertiary marine sequences. Other Oligocene strata,
generally of more limited areal extent than those of the Vicksburg Group, occur in
Mississippi, Louisiana, Alabama, and Texas. The Vicksburg sea extended into the lower
Mississippi embayment only as far north as central Mississippi. The depositional en-
vironment for Vicksburg sediments was essentially the same as that for underlying and
overlying beds. The deposits, therefore, are difficult to distinguish from adjacent units,
especially on electrical logs. Vicksburg strata up to several hundred feet in thickness
have been differentiated in places on the basis of surface exposures; most of the dif-
ferentiation, however, becomes obscured in the subsurface.

MIOCENE AND PLIOCENE SERIES

Miocene and Pliocene deposits are discussed together here because of their similarity
and lack of any recognizable distinguishing features. They consist of complexly inter-
fingering sands and clays of varying thicknesses that are virtually identical lithologi-
cally; the boundary between the two is indistinct and the subject of considerable disagree-
ment. The continental, deltaic, and marine facies indicate continued cyclic deposition;
volcanic activity that began in the Eocene continued well into the Miocene as evi-
denced by thick tuff deposits. Some large pyroclastic fragments found in Miocene beds
in Texas may have come from relatively nearby sources. Subsurface differentiation has
been established in part of the study area on the basis of lithologies and faunal evidence.
However, the lack of lithologically distinctive units and the absence of fossils in much
of the area have precluded formal differentiation.

PLEISTOCENE SERIES

Pleistocene deposits mark the beginning of Quaternary sedimentation in the Gulf
Coastal Plain. They are of two basic types, upland terrace and coastal. The Pleistocene
terraces are widespread throughout the area and are associated with glacial periods.
The terraces are composed of gravels, sands, silts, and clays, generally grading finer
upward. The terrace deposits are thin, generally a few feet to a few tens of feet, and
occur mostly as dissected remnants. These beds form a continuous gulfward-thickening
wedge of sediments along the coast that is as much as several hundred feet thick and
contains massive beds of sand or sand and gravel. Some Pleistocene loess is present
on ridges and in upland areas in the northern part of the area.

HOLOCENE SERIES

Holocene deposition is represented by alluviated stream valleys. The alluvium
ranges from very restricted and thin deposits along minor tributaries to broad alluvial
plains in the floodplains of major drainage systems. These deposits, which can be
200-feet thick or more, generally are silty or clayey at the surface and grade downward
to coarse sands and gravels. Holocene coastal sediments are present in the Mississippi
River delta and in flanking areas along the coast.

STRUCTURE

Although it is not within the scope of this report to present a detailed description
of the tectonics of the area, a brief discussion of the major structural features (fig. 3),
as they relate to geohydrology, is appropriate. Many published reports containing com-
prehensive treatments are available to the interested reader. Murray (1961) provides
an overall description of the area’s structural geology.

The downwarping and downfaulting that formed the Gulf Coast geosyncline and
its northern limb, the Mississippi embayment, began during the late-Paleozoic orogenies.
Subsequent crustal adjustments deepened the basins as they filled with accumulating
sediment. Sedimentation that began in the Jurassic Period continues to the present.
The beds generally dip and thicken gulfward and toward the axis of the Mississippi
embayment.

Major uplifted stuctures are the Sabine uplift, Monroe uplift, and Jackson dome.
Beds generally thin as they approach and overlie these positive features and thicken
in the synclines that commonly flank them. Two belts of salt domes occur in the Gulf
Coastal Plain. One extends from northeast Texas through northern Louisiana and into
south-central Mississippi, and the other is near and along the coastline. The domes
have only local effects upon penetrated and overlying beds, although faulting in the
immediate vicinity of a dome can be very complex.

Alternating gentle positive and negative flexures perpendicular to the coastline
have a moderate effect on the regional southerly dip of strata in southern Texas. From
east to west these are the Sabine arch, Houston embayment, San Marcos arch, and
Rio Grande embayment. The Wiggins uplift in southern Mississippi and Alabama roughly
parallels the coast.

Two bands of en echelon faulting affect Tertiary strata. One, containing the Luling-
Mexia-Talco fault zone, follows the boundary of the study area in Texas and extends
into southwestern Arkansas where it is called the Arkansas fault zone. The Pickens-
Gilbertown fault zone crosses central Mississippi in a southeasterly direction into western
Alabama. Faults in these zones are mostly high angle, and throws are generally not
large enough to totally offset thicker hydrologic units.

The New Madrid fault zone in the northern part of the Mississippi embayment is
actually a network of several smaller fault zones. The zone is still active and is the source
of periodic tremors. The effect of the faulting on ground-water flow is not presently
known, but the effects of displacement on stratigraphy make correlation of Eocene strata
extremely difficult in part of that area.

Several growth-fault systems parallel the coastline. The systems primarily affect
Wilcox and younger strata, which thicken considerably on the downthrown side of the
faults. Some of these faults appear to still be active.
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Figure 3. —Structure map of the Gulf Coastal Plain
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