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FOREWORD

The Regional Aquifer-System Analysis Program

The Regional Aquifer-System Analysis (RASA) program was begun in 1978
after 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 repre-
sent 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 thus transcend the political subdivisions to which investigations
have often been arbitrarily limited in the past. The broad objectives for each
study are 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 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 of any changes brought about 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 describing the geology, hy-
drology, and geochemistry of each regional aquifer system. Each study within
the RASA program is assigned a single Professional Paper number; where the
volume of interpretive material warrants, separate topical chapters dealing
with the principal elements of the investigation may be published. The series
of RASA interpretive reports begins with Professional Paper 1400 and will
continue in numerical sequence as the results of subsequent studies become
available.

Dallas L. Peck
Director
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REGIONAL AQUIFER-SYSTEM ANALYSIS

HYDROGEOLOGICF RAMEWORK OF THE FLORIDAN AQUIFER SYSTEM IN
FLORIDA AND IN PARTS OF GEORGIA, SOUTH CAROLINA, AND ALABAMA

By JAMES A. MILLER

ABSTRACT

The Floridan aquifer system of the Southeastern United States is
comprised of a thick sequence of carbonate rocks that are mostly of
Paleocene to early Miocene age and that are hydraulically connected
in varying degrees. The aquifer system consists of a single vertically
continuous permeable unit updip and of two major permeable zones
(the Upper and Lower Floridan aquifers) separated by one of seven
middle confining units downdip. Neither the boundaries of the
aquifer system or of its component high- and low-perméability zones
necessarily conform to either formation boundanes or time-
stratigraphic breaks.

The rocks that make up the Floridan aquifer system. its upper
and lower confining units, and a surficial aquifer have been separat-
ed into several chronostratigraphic units. The external and internal
geometry of these stratigraphic units is presented on a series of
structure contour and isopach maps and by a series of geohydrologic
cross sections and a fence diagram. Paleocene through middle Eo-
cene units consist of an updip clastic facies and a downdip carbonate
bank facies, that extends progressively farther north and east in
progressively younger units. Upper Eocene and Oligocene strata are
predominantly carbonate rocks throughout the study area. Miocene
and younger strata are mostly clastic rocks. '

Subsurface data show that some modifications in current strati-
graphic nomenclature are necessary. First, the middle Eocene Lake
City Limestone cannot be distinguished lithologically or faunally
from the overlying middle Eocene Avon Park “Limestone.” Accord-
ingly, it is proposed that the term Lake City be abandoned and the
term Avon Park Formation be applied to the entire middle Eocene
carbonate section of peninsular Florida and southeastern' Georgia.
A reference well section in Levy County, Fla., is proposed for the
expanded Avon Park Formation. The Avon Park is called a
"formation” more properly than a “limestone” because the unit
contains rock types other than limestone. Second, like the Avon
Park, the lower Eocene Oldsmar and Paleocene Cedar Keys
"Limestones” of peninsular Florida practically everywhere contain
rock types other than limestone. It is therefore proposed that these

units be referred to more accurately as Oldsmar Formatlon and .

Cedar Keys Formation.

The uppermost hydrologic unit in the study area is a surfxc1al
aquifer that can be divided into (1) a fluvial sand-and-gravel aquifer
in southwestern Alabama and westernmost panhandle Florida, (2)
limestone and sandy limestone of the Biscayne aquifer in sou;ih'east-

ern peninsular Florida, and (3) a thin blanket of terrace and fluvial
sands elsewhere. The surficial aquifer is underlain by a thick se-
quence of fine clastic rocks and:low-permeability carbonate rocks,
most of which are part of the middle Miocene Hawthorn Formation
and all of which form the upper confining unit of the Floridan aquifer
system. In places, the upper confining unit has been removed by
erosion or is breached by sinkholes. Water in the Floridan aquifer
system thus occurs under unconfined, semiconfined, or fully con-
fined conditions, depending upon the presence, thickness, and integ-
rity of the upper confining unit.

Within the Floridan aquifer system, seven low permeability
zones of subregional extent split. the aquifer system in most places
into an Upper and Lower Floridan aquifer. The Upper Floridan
aquifer, which consists of all or parts of rocks of Oligocene age, late
Eocene age, and the upper half of rocks of middle Eocene age, is
highly permeable. The middle confining units that underlie the
Upper Floridan are mostly of middle Eocene age but may be as
young as Oligocene or as old as early Eocene. Where no middle
confining unit exists, the entire aquifer system is comprised of
permeable rocks and for hydrologic discussions is treated as the
Upper Floridan aquifer.

The Lower Floridan aquifer contains a cavernous high-
permeability horizon in the lower part of the early Eocene of south-
ern Florida that is called the Boulder Zone. A second permeable unit
that is cavernous in part, herein called the Fernandina permeable
zone, occurs in the lower part of the Lower Floridan in northeastern
Florida and southeastern Georgia. Both these permeable zones are
overlain by confining units comprised of micritic limestone. The .
confining unit that overlies the Boulder Zone is of subregional extent
and is mapped as a separate middle confining unit within the Lower

Floridan.

Major structural features such as the Southeast and Southwest
Georgia embayments, the South Florida basin, the Gulf Coast
geosyncline, and the Peninsular arch have had a major effect on the
thickness and type of sediment deposited in the eastern gulf coast.
The effects of smaller structures are also evident. For example, the
Gilbertown-Pickens-Pollard fault system in Alabama locally forms
the updip limit of the Floridan aquifer system. The series of grabens
that comprise the Gulf Trough of central Georgia serves as a
low-permeability barrier to ground-water flow there. These Gulf
Trough faults have downdropped low-permeability rocks opposite
permeable limestones to create a damming effect that severely
retards ground-water movement across the fault system. Their
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‘effect can be seen on potentiometric surface maps of the aquifer
system. Other small-displacement faults in peninsular Florida do
not appear to affect the regional flow system because there is no
apparent change in the permeability of the rocks that have been
juxtaposed by fault movement.

Variations in permeability within the Floridan aquifer system
result from a combination of original depositional conditions, dia-
genesis, large- and small-scale structural features, and dissolution of
carbonate rocks or evaporite deposits. Local permeability variations
are accordingly more complex than the generalized regional portray-
al presented in this report.

INTRODUCTION
PURPOSE AND SCOPE

In 1977 the U.S. Geological Survey began a nation-
wide program to study a number of the regional aqui-
fers that provide a significant part of the country’s
water supply. This program, termed the Regional
Aquifer-System Analysis (RASA), is discussed in de-
tail by Johnston and Bush (1985). In brief, the general
objectives of each RASA study are (1) to describe the
ground-water system as it exists today and as it
existed before development, (2) to analyze changes
between present and predevelopment systems (3) to
integrate the results of previous studies dealing with
local areas or discrete aspects of the system, and (4) to
provide some capability for evaluating the effects
(particularly the hydraulic effects) that future ground-
water development will have on the system. These
objectives can best be met by a regional-scale digital
computer simulation of the aquifer system, supple-
mented where necessary by more detailed subregional
simulations and by interpretations of the distribution
of observed water-quality variations. Because of its
" importance as a source of ground-water supply and
because of various problems that have arisen from

intensive use, the Floridan aquifer system of the’

Southeastern United States was among the first re-
gional aquifer systems chosen for study.
The Floridan aquifer system is comprised of carbon-
ate rocks of Tertiary age and includes but is not limited
_to the sequence of rocks generally called the "Floridan
aquifer” in Florida and the ”principal artesian aquifer”
in Georgia. Tertiary limestones also yield water, local-
ly in appreciable quantities, in parts of southwestern
South Carolina and southeastern Alabama. These
limestones are included in the Floridan aquifer system
in this report. The approximate aréal extent of the
aquifer system is shown in figure 1. The system
includes rocks of Paleocene to early Miocene age that
combine to form a vertically continuous carbonate
sequence that is hydraulically connected in varying
~ degrees. Very locally, in the Brunswick, Ga., area,
beds assignable to the uppermost part of the Upper

FLORIDAN AQUIFER SYSTEM RASA PROJECT

Cretaceous System are included in the Floridan aquifer
system. Over much of the area where the aquifer
system crops out, it consists of one vertically contin-
uous permeable unit. Downdip, the aquifer system
generally consists of two major permeable zones, here-
in called the Upper Floridan aquifer and the Lower
Floridan aquifer, that are separated by less-permeable
rock of highly variable hydraulic properties (very leaky
to virtually nonleaky). Hydraulic conditions for the
aquifer system vary from confined to unconfined,
depending upon whether the argillaceous middle Mio-
cene and younger rocks that form the upper confining

~ unit of the system have been breached or removed by

erosion. ' :

As one of several chapters of a Professional Paper
describing different aspects of the Floridan aquifer
system and discussing the results of computer simula-
tions, this report presents the hydrogeologic
framework of the aquifer system as determined from
subsurface geologic and hydrologic data. The objec-
tives of this part of the study were:

1. To identify the aquifer system regionally in terms of
the geologic and hydrologic units that comprise it
and to define its extent.

2. To delineate regional permeability variations within
the aquifer system, primarily on the basis of rock
composition and texture and, to a lesser extent, on
the development of secondary (solution) porosity.

3. To establish the influence of geologic structure and
of variation in rock type on the ground-water flow
pattern of the aquifer system.

4. To identify and map regional stratigraphic units
and to establish a correlation framework between
surface and subsurface geologic units.

5. To determine variations in the géometry and physi-
cal makeup of the aquifer system that affect either

hydraulic parameters or the water quality of the
system. ' :

PREVIOUS WORK

Numerous reports have been published, chiefly by

-the U.S. Geological Survey and State geological sur-

veys, that discuss various aspects of the geology and
ground-water resources of the study area. For the
most part, the scope of these reports is local or sub-
regional. Extensive lists of publications on the geolo-
gy and hydrology of the Floridan aquifer system are
contained in reports by Murray (1961), Stringfield
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EXPLANATION

| Study area

Approximate updip limit and area underlain by
aquifer system

Figure 1. Location of the study area and the approximate updip limit of the
Floridan aquifer system.

(1966), Braunstein (1970, 1976), Heath and Conover
(1981), and Krause (1982). Reports dealing with the
regional surface and subsurface geology of the Tertiary
rocks in the report area include those of Applin and
Applin (1944, 1964), Chen (1965), Cooke (1943, 1945),
Copeland (1968), Herrick (1961), Herrick and Vorhis
(1963), LaMoreaux (1946), Maher (1965, 1971), Maher
and Applin (1968), Murray (1961), Puri (1953b, 1957),
Puri and Vernon (1964), Randazzo and others (1977),
and Randazzo and Hickey (1978). Reports that discuss
regional aspects of ground water in the Floridan aqui-
fer system have been written by Callahan (1964), Ced-
erstrom and others (1979), Hanshaw and others (1971),

SCALE 1:7,500,000
o 50

100 KILOMETERS

100 MILES

Hayes (1979), Parker and others (1955), Stephenson
and Veatch (1915), Stringfield (1936, 1966), and War-
ren (1944).

In places, the lithologic differences between strata
that form the Floridan aquifer system are subtle.
Accordingly, the microfauna contained in these strata
have been used by some workers to establish strati-
graphic subdivisions within the system. Reports on
the microfauna of the Tertiary limestones include
those of Applin and Jordan (1945), Cole (1938, 1941,
1942, 1944, 1945), Cushman (1935, 1951), Cushman
and Ponton (1932), Levin (1957), and Loeblich and
Tappan (1957).
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McCollister did the preliminary drafting of the cross
sections. and other related 1llustrat10ns

v METHOD OF STUDY

;,*

APPROACH

The study area (flg 1) extends from the southern
part of the Atlantlc Coastal Plain, a geologic province
that has -been affected primarily by compressional
tectonics (Brown and others 1972) westward into the
eastern part of the Gulf Coastal Plain, which has been
affected predomlnantly by gravity tectonics (Murray,
1961), and’ southward to encompass the Florida plat-
form, which is underlain by a thick sequence of shal-
low-water platform-type carbonate rocks Rapid and
complex facies changes occur in the area, especially in
places where carbonate rock grades laterally into clas-
tic rock. Correlation between clastic and carbonate
units or between surface and subsurface units 1s at

present imprecise in the study area. Accordingly, the

~ stratigraphic units used herein have been delineated in

the subsurface and mapped as chronostratigraphic
units that may include several formations. Structure
contour and isopach maps have been prepared for six
such Cenozoic chronostratigraphic units. These maps,
along with eight cross sections and a fence diagram,
show the geometry of and relations between the
mapped units. Altitudes on the maps and cross sec-
tions and on the fence diagram are related to the
National Geodetic Vertical Datum (NGVD) of 1929, a
geodetic datum derived from a general adjustment of
the first-order level nets of both the United States and
Canada. The NGVD of 1929 was formerly called mean
sea level. For convenience of usage, however, the
NGVD of 1929 is referred to as sea level in the text and
on the figures and plates in this report.

The top and base of the Floridan aquifer system, as
well as the top and base of major permeability varia-
tions within the system, commonly coincide with the
top of a chronostratigraphic unit or a particular rock
type. Such coincidence is not the case everywhere,
however. The vertical limits of the aquifer:system as
mapped for this study represent the top and base of
carbonate rocks that are generally highly.permeable
and that are overlain and underlain by low-permeabili-
ty material. The low-permeability rock that delineates
the system may be either a clastic rock or a carbonate.
In places, the permeability contrast between the aqui-
fer system and its upper and lower confining units may
exist within a rock unit or a chronostratigraphic unit.
For example, in places, the upper part of the Suwannee
Limestone of Oligocene age consists of low-
permeability micritic limestone underlain by highly
permeable limestone comprised largely of pelecypod
and gastropod casts and molds that is also part of the
Suwannee. In this case, the top of the Floridan aquifer
system would be placed at the top of the highly perme-
able cast-and-mold limestone rather than at the top of
the Suwannee. The aquifer system is thus defined on
the basis of its permeability characteristics rather than
on the basis of lithology. Accordingly, the structure
contour map of the top of the Floridan aquifer system
presented in this report differs considerably from -
previously published maps that- represent either the
top of vertically continuous limestone or the top of a
particular geologic horizon, regardless of its permeabil-
ity. Structure contour maps representing the base of
the aquifer system and the base of the upper major
permeable zone within it (the Upper Floridan aquifer)
were presented for the first time by Miller (1982a, b) in
preliminary open-file publications and are reproduced
in this report with minor modifications. Isopach maps
of the total aquifer system and of the Upper Floridan
aquifer are also presented.
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Tops and thicknesses of both chronostratigraphic
and permeability units were determined in each of 662
wells selected as key data points. The tops and bot-
toms of both types of units were established on the
basis of the lithologic, paleontologic, and hydraulic
characteristics of each unit as revealed in certain deep
test wells. Geophysical log (chiefly electric log) pat-
terns representative of each stratigraphic and permea-
bility unit were determined, and the units were ex-
trapolated subregionally primarily on the basis of
these log patterns and supplementary descriptions of
cores and drill cuttings. The mineralogic composition
of rock samples from certain test wells was determined
primarily by examining the samples with a binocular
microscope. Three assumptions were made in extend-
ing relatively permeable and impermeable zones: (1)
most of the porosity observed in drill cuttings and in
core was effective porosity and therefore indicated a
relatively permeable rock, (2) high- and low-porosity
rocks were expressed on electric logs by different
resistivity characteristics, and (3) once the electric log
pattern of a zone was established as representing high
or low permeability, the permeability of that zone was
considered to remain essentially the same forthe geo-
graphic area in which the log pattern remained the
same,

The locations of the wells that comprise the data
network used in constructing the various maps and
cross sections are shown on plate 1. On the cross
sections (locations also shown on pl. 1) and in the text
of the report, each well is designated by an abbrevia-
tion that identifies the State and county within which
the well is located and a sequential project number
within that county. On the cross sections, wells in
Florida and Alabama are also located by the section-
township-range grid of the Federal System of Rectan-
gular Surveys within which they lie. For the well-
numbering system used herein, the State abbrevia-
tions are those in common usage. The county ab-
breviations are as follows:

Alabama
Baldwin - - - - - - - - - .- oo oo BAL
Clarke - - - - = = = -« « c o o o oo i CL
Covington - - « - - - - - - - - - oL oo oo Ccov
Escambia - - - - - - - - - - - - oo oo oo o ES
Geneva - - - - - - - - - - e oo e e e o s s s GEN
Houston - - « - - - - - - - - - oo oo o oo HO
Mobile - - - - - - - - - e oo s e MOB
Monroe - - - -« - s - - e o e o e oL MON
Florida
Alachua - - - - - -« - - - - - .- LECIETE TR AL
Baker - - - - - - - .- oo e oo BA
Bay - - - - - - - - - - oo - B BAY

Bradford- - - - - - -« - - - - o o oo oo oL BRA
Broward - - - - - - =+ - - s s - e oo o e oo BRO
Calhoun - - - - = = - = =« - = . .4 oo o CAL
Charlotte- - - - - - - - = = « - < . .o oo o .o CHA
Citrus - = = = = = = = =+ ¢ . e e o e oo oo CI
Clay - - - - - = - - - = = - o oo e e e e e CL
Collier - - - « - = = - = = = - - oo COL
Columbia- - - - - = = = « « - - o ..o Lo oLl 0]
Dade- - - - - = = = - = = = - 4 - .o oo oot DA
DeSoto- - - - = - - - s - e e e oo i e e e e .. DE
Dixier = - - - = - - s e e e e e e e e e e e - DIX
Duval - - - - = - - = = = - o oo s e e DUV
Escambia - - - - - - - - - - - oo oo oo oo ESC
Flagler- - - - - - - - - = = -« « o o oo oo FL
Franklin - .- - - - - = = = = =« « = - - - .- oo ... FRA
Gadsden - - - - = = = - - - e e e e e e e e oo GA
Gilchrist - - - - - = = - - - - - ool o s GIL
Glades- - - - - - = = = = - < - - 4o oo o oo GL
Gulf- - -« - - - - v m e GF
Hamilton- - - = - « = = = = = - - s - o o - oo - - HAM
Hardee- - - - - - - - - - - - - - - - oo oo - HAR
Hendry - - - - - - = « = = = oo o v v v oo oo HEN
Hernando - - - - - - - - - - - <« - -« - - ..o HER
Highlands - - - - - - - - - - - - e e e e e e HI
Hillsborough - - - - - - - = - - - -« =+« - - - - ~ HIL
Holmes - - - « « = = =« &« = ot e e HOL
IndianRiver - - - - = = = - « - { . - .o o ... IR
Jackson - - - - - - -z - - -4 e ool ool JX
Jefferson- - - - - - < - - e e oo oo oo JEF
Lafayette - - - - - - - - - - - - - - ... LAF
Lake- - - - - - - - - - - - - - e o e LK
Lee - - - - =« oo m s e e LEE
Leon- - - - - - - - - - - - e o s o e LN
Levy- - - - - - - - - e e oo s o e e e e e e LV
Liberty- - - - - = = = = - - o - s oo oo oo LIB
Madison - - - - - - - . - - e e o e oo oo e o MAD
Manatee - - - - - - - - = - - . - - - - - - oo MAN
Marion- - - - « + < s s s e e s e e e e e e e e MAR
Martin- - - « = = <« c s s e s e e e MTN
Monroe - - - - - - s - s s s e e s e e s e e e MON
Nassau- - - - - = = - - = = = « - - - R NA
Okaloosa- - - - = = = = = = =+ e o e e e OKA
Okeechobee- - - - - - - - - - - - - . . . ... OKE
Orange- - - = - = = = = =+ =t e e e e e e e oo e OR
Osceola - - - = = = = = - - o .o e e o oo v e 0S
PalmBeach- - - - - - - - - - - - - - ... PB
Pasco - - - - - - - - - - - - - - - e e e e PAS
Pinellas - - - - - - - - - - - - ..o o ... PIN
Polk - - - - - - - - - - oo POL
Putnam - - - - - - - - - - - - - ..o Lo PUT
St.Johns- - - - - - - - - - < - oo 8]
St.Lucie - - - - = = = = =« - - o o oo oo oo oo SL
SantaRosa- - - - - -« - s - e ..o ool SR
Sarasota - - - - - - - -+ - e e s e e e oo SAR
Suwannee - - - - - o+ - - o= s s e e - e e e o e SUW
Taylor - - - = ~ = = = = = = = - o o oo oo oo TAY
Union - - = = -« =« =+ o o o oo e e e e e e e e s UN
Volusia- - = = - = = = = - - - 4 o oo oo o oo VO
Wakalla - - - - - = - - -« - - o oo oo WAK
Walton- - - - - - - - - - - - o oo oo oo WAL
Washington - - - - - - - - - - .. ..o WAS
Georgia
Appling - - - - - - s s e e oo AP
Atkinson- - - - - - - - - - - oo oo oo Lo o oL AT
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Bacon - - - -« - - - oo - oo e oo sl BAC
Baker - - - - - - - - - s o oo oo oo ool BAK
BenHill - - - « - - -« ¢ oo oo oo oo ool BH
Berrien- - - - - - - - - - - - o oo ..o o oL BER
Brantley - - - - - - - - -~ - - - - - ..o BRA
Brooks- - - -+ - - - - - - o o oo oo o o oL BRO
Bryan - - - - - - - - - 4 - - e o oo o e o BRY
Bullock - - - - = - - =« = = - - - ..o oo BUL
Burke - - - - - - - - - - - oo el BU
Calhoun - - - -~ - - - -« - . .- oo CAL
Camden - - - - - = = - = - - - - . oo oo .o CAM
Charlton - - - - - = = - = -« - - - & o ..o oL CHN
Chatham- - - -~ - - - - - -« -« . oL CHA
Clinch - - - - - - - - -« - o o o i CLI
Coffee - - - - « - = = = v o - o oo COF
Colquitt - - - = - - = -« - - . oo coQ
Cook- - - - - - - - oo e oo COK
Crisp- - = = = - - =« = - o oo CRP
Decatur - - - - - - = -« . - - - oo oo oo DE
Dodge - - - - - - - - - - - - B NP DOE
Dooly - - - - - = - - - v - oo e DO
Dougherty - - - - - - - - - - - - - ... oL DOG
Early - - - - - - - - - - - oo oo oo s EA
Echols- - - - - - - - - - o .o o oo EC
Effingham - - - - - - - - - - - - oo Lo EFF
Emanuel - - - - - = « « « - 4 e e e e e e e e o e . EM
Evans - - - - - - - - - - - oo e s e e s s EV
Glynn - - - - - - - - oo oo oo B L GLY
Grady - - - - - - - - - - e oo e GR
Houston - - - - - - = « = - -« « oo oo Lo HOU
TIrwin - - - - - = - - - 4 - - o ..o o oo IR
JeffDavis - - - - - - - - - - - - oL oo Lo JD
Jenkins - - - - - - - - - - oo ..o oo JEN
Laurens - - - - - - - e e e e e e e oo LA
Lee - - - - - - - - - - e o m e LEE
Liberty- - - - - - - = = = & - - - .. LIB
Long- - - - - - - -« - - oo a e LO
Lowndes- - - - - - = = = = = -« oo oo Lo LOW
Mclntosh - - - - - - - -« - - - - - Lo oLl oL MC
Mitchell - - - - - - -« - - - - o - Lo o Lo MIT
Montgomery - - - - - - - - - - - - - EEEERIN - - MO
Pierce - - - - - - - =« - & 4 vttt s el PI
Pulaski- - - - - - - - - - oo ool PU
Screven - - - - - - - - . e - - ..o o oo SCR
Seminole- - - - - - - - - - - - - - 4o .o oo oo SE
Tattnall - - - - - - - - - - - - - - ..o oL TAT
Telfair - - - - - - = = = - - - - - - - ..o oo TEL
Terrell - - « - - - -« - o - o oo oo ool o oL TER
Thomas - - - - - - = = = = « <= « = <« o o . THO
Tift - - - - - e e TF
Toombs - - = = = = = =« « . oo oo TO
Treutlen - - - - - = = - - - -« - - - . - - - ... oo TR
Ware- - - - - - - - - - - - e oo s WA
Wayne- - - - - - - - - - - - e - - e e e o s e e e WAY
Wheeler - - - - - - - - - - - - - L. ... oL ... WH
Wilcox - - = = = ¢ - 4 e e o e e e o e e e WX
Worth - - - - - - - - - oo e oo WOR
South Carolina
Allendale- - - - - - - - - - - ... ..ol AL
Bamberg- - -. - - - - - - e e e e J BAM
Beaufort - - - - - - - - - - - - ... . - . BEA
Charleston - - - - - - - - - - - - < - - .- o ... CHN

‘Colleton - - - = - - - -« - - .o o L e COL
Dorchester - - - - -« - - - - - -+ - - - . - e e e DOR
Hampton- - - = -+ = = =« = = - - . oo Lo HAM
Jasper - - - - - - - - ... ..o ..ol JAS

The designation SC-HAM-3, for example, means
that the well is located in Hampton County, S.C., and
that it is the third well within that county for which
data were obtained. In general, wells selected as key
wells are those for which geophysical logs are available
along with drill cuttings and (or) core.

The tops and thicknesses of the different strati-
graphic and permeability units delineated have been

~ tabulated for each of the 662 wells used as control

points. The tables are arranged alphabetically by the
State and county in which the wells are located. This
tabulation has been published as a data report by

-Miller, (1984) and is available from the Open-File Ser-

vices Section, Central Distribution Branch, U.S. Geo-
logical Survey, P.O. Box 25425, Federal Center, Den-
ver, CO 80025. The well tables are also on file in the
office of the Regional Hydrologist, Southeastern Re- -
gion, Water Resources Division, U.S. Geological Sur-
vey, 75 Spring Street, S.W., Atlanta, GA 30303, and
are available for examination. The well data are stored
in the U.S. Geological Survey computer and may be
obtained as a computer printout or as card images
from the Automatic Data Section, Office of the Assist-
ant Chief Hydrologist for Scientific Publications and

. Data Management, Water Resources Division, U.S.

Geological Survey, National Center, 12201 Sunrise
Valley Drive, Reston, VA 22092.

Most of the key wells used as control points are oil
test wells, which are generally the only wells deep
enough to penetrate the entire Floridan aquifer sys-
tem. Oil test wells can be recognized in the well tables
by a number accompanying the property owner’s name
in the ”Lease” column. For example, a well whose

‘lease is designated as ”#1 Gulf and Western 7-4” is an

oil test well. The oil test data were supplemented by
data from numerous water wells, particularly those
drilled to test the potential for water production from
or waste injection into deep zones in the aquifer sys-
tem. In places where deep well control of any type is
sparse, data were used from some of the thousands of
shallow water wells in the project area, primarily in
mapping the top of the aquifer system. All pertinent
offshore well data were examined, although contouring
was not extended seaward of the present-day shoreline.
Interpretations made from borehole data were extend-
ed and supplemented by examination of publicly and
privately owned reflection and refraction seismic data,
particularly in southern Florida, southeastern Georgia,
and offshore.
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CORRELATION PROCEDURE

Correlation difficulties always arise in any study of
regional scope because of the wide variations in deposi-
tional environments and, consequently of rock types
that one encounters in mapping geology and permea-
bility distribution over alarge area. The present study
was no exception. Complex facies changes occur be-
tween those parts of the region where mostly carbon-
ate rocks were deposited and those parts that received
mostly clastic sediments. Within the areas that are
underlain mostly by carbonate rocks, such as the
Florida peninsula, thick sequences of limestones were
deposited in warm, shallow marine water over long
periods of geologic time. Because the same shallow-
marine environment persisted in much of Florida
throughout Tertiary time, the textural or mineralogic
changes in the carbonate rock column may be subtle in
places. Diagenetic alteration at many locales has af-
fected the carbonate rocks as much as or more than

changes in primary depositional conditions. Also, in .

much of the Florida peninsula, the same rock type may
recur at several horizons in the geologic column be-
cause the exact depositional and (or) diagenetic condi-
tions that produced it were repeated several times.

All the preceding factors preclude regional correla-
tion of stratigraphic units on the basis of lithology
alone. They also account in large part for some of the
uncertainty in correlation between surface and subsur-
face units in the project area and for the controversy
that surrounds some published correlations. The exist-
ing stratigraphic correlation framework used in the
study area is twofold, consisting of (1) detailed correla-
tions involving many formation names in outcrop
(largely clastic rock) areas and based primarily on
lithology and supplemented by macropaleontology and
(2) generalized, regionally extensive correlations in-
volving only a few ”“formation” names in the deep
subsurface (largely carbonate rock) areas and based
primarily on micropaleontology. The subsurface corre-
lations were made and many of the subsurface Tertiary
“formations” were named at a time when only a few
widely scattered deep wells existed and when no un-
iform procedure for naming geologic units was fol-
lowed. The lithologic differences (often subtle) between
such “formations,” some of which were named because
they contained a unique microfauna, are in many cases
confined to a local area. The rock type supposedly
characteristic of a given “formation” in a given well
can often be found in a nearby well at a completely
different stratigraphic horizon.

A worker attempting to make regional correlations
in a particular study area is thus faced with the prob-
lem of trying to tie together well-defined surface or

near-surface rock-stratigraphic units with nebulous
subsurface biostratigraphic units (North American
Commission on Stratigraphic Nomenclature, 1983)
through an intervening area of complex facies change.
Neither the surface nor the subsurface correlation
framework traditionally used is adequate to describe
the physical (or biologic) situation that exists in the
rocks.

The equivalency of surface and subsurface geologic
units in a project area can best be established by
mapping time-rock or chronostratigraphic units. The
units chosen for mapping in this report correspond
mostly to the series within the Tertiary System or to
parts of such series. Chronostratigraphic units include
rocks deposited during a particular span of geologic
time, regardless of whether they have the same litholo-
gy everywhere. The upper and lower boundaries of the
time-rock units mapped in this report coincide with
changes in rock type that occur in specific wells from
which cores and (or) reliable drill cuttings are available.
The different chronostratigraphic units delineated
were then extended to other wells primarily on the
basis of geophysical (mostly electric) log patterns. As
correlations of a chronostratigraphic unit are extended
laterally over a wide area, the rock types included in
that unit may change, and the log pattern of the unit
will also change. Different strata are grouped with a
given chronostratigraphic unit if they can be shown to
represent a logical lateral facies change or to be iso-
chronous with other strata included in the unit else-
where.

Because the units mapped in this report are time-
rock units, their upper and lower boundaries are deter-
mined in part by the fauna (chiefly microfauna) that
they contain. In general, the vertical range of the
microfossils considered characteristic of a given time-
rock unit coincides with the vertical boundaries of the
various rock types. assigned to that unit. Obvious
exceptions are reworked or caving faunas. Benthic and
planktic Foraminifera, supplemented by Ostracoda,
were used chiefly for correlation. The different species
considered characteristic of a particular time-rock unit
in the study area are listed in table 1, along with a
letter-number designation assigned to each species.
On the cross sections in this report, the highest occur-
rence of a given characteristic species identified from a
given well is shown by plotting the letter-number code
for that species alongside the well column. All of the
species that are considered in this report to be time
diagnostic are illustrated elsewhere and are according-
ly not illustrated herein. The principal reference used
for identification, taxonomy, and stratigraphic range
determination for the planktic Foraminifera was a
paper by Stainforth and others (1975), supplemented
by reports by Postuma (1971) and Berggren (1977).
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GEOLOGY
REGIONAL SETTING

The Coastal Plain province of the Southeastern
United States is underlain by a thick sequence of
unconsolidated to semiconsolidated sedimentary rocks
that range in age from Jurassic to Holocene. These
sediments thicken seaward in the study area from a
featheredge where they crop out against older

metamorphic and igneous rocks of the Piedmont and
Applachian provinces to a maximum penetrated thick-
ness of more than 21,100 ft in Mobile County in
southern Alabama. In southern Florida, the thickness
of Coastal Plain sediments probably exceeds. 25,000 ft;
however, the maximum thickness penetrated there as
of this writing (1984) is slightly more than 18,600 ft.
Coastal Plain rocks generally dip gently toward the
Atlantic Ocean or the Gulf of Mexico, except where
they are warped or faulted on a local to subregional

Table 1.—Microfauna characteristic of the several chronostratigraphic
units in the study area, and their cross-section designations

Cross-section

designation - Fossil
Miocene Series
M-1 Amphistegina chipolensis Cushman and Ponton
M-2 * Amphistegina lessoni d'Orbigny
M-3 Bolivina floridana Cushman
M-4 Bolivina marginata multicostata Cushman
M-5 . Elphidium chipolensis (Cushman)
M-6 Sorites sp.
M-7 Aurila conradi (Howe and McGuirt)
M-8 Hemicythere amygdula Stephenson
Oligocene Series
OL-1 Pararotalia byramensis Cushman
OL-2 Miogypsina sp.
OL-3 Pulvinulina mariannensis Cushman
OL-4 Robulus vicksburgensis {(Cushman) Ellisor
OL-5 Palmula caelata (Cushman) Israelsky
OL-6 Globigerina selli (Borsetti)
OL-7 Lepidocyclina leonensis Cole
OL-8 Lepidocyclina parvula Cole
OL-9 Aurila kniffeni (Howe and Law)
OL-10 Pararotalia mexicana mecatepecensis Nuttall

Eocene Series

Late Eocene:

Robulus gutticostatus (Gumbel) var. cocoaensis (Cushman)
Amphistegina pinarensis Cushman and Bermudez var. cosdeni

Haplocytheridea montgomeryensis (Howe and Chambers)

UE-1 Bulimina jacksonensis Cushman

UE-2

UE-3

Applin and Jordan

UE-+4 Lepidocyclina ocalana Cushman

UE-5 Lepidocyclina ocalana floridana Cushman

UE-6 Eponides jacksonensis (Cushman and Applin)

UE-7 Gyroidina crystalriverensis Puri

UE-8 Globigerina tripartita Koch

UE-9 Operculina mariannensis Vaughn
UE-10 Cytheretta alexanderi Howe and Chambers
UE-11 Clithocytheridea caldwellensis (Howe and Chambers)
UE-12 Clithocytheridea garretti (Howe and Chambers)
UE-13 Jugosocythereis bicarinata (Swain)
UE-14
UE-15 Asterocyclina sp.
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scale. Coastal Plain sediments were laid down on an
eroded surface developed on igneous intrusive rocks,
low-grade metamorphic rocks, mildly metamorphosed
Paleozoic sedimentary rocks, and graben-fill. sedimen-
tary deposits of Triassic to Early Jurassic age (Bar-
nett, 1975; Neathery and Thomas, 1975; Chowns and
Williams, 1983). Because rocks older than Early
Jurassic lie at great depths, their relations and con-
figurations are not as well known as those of the
shallower Coastal Plain rocks. '

The poorly consolidated Coastal Plain sediments are
easily eroded. The carbonate rocks are dissolved by
downward-percolating water, the result being the for-

‘mation of karst topography where such rocks are at or

near the surface. Accordingly, the topography deve-
loped in much of the study area is characterized by (1)
extensive, slightly dissected plains, (2) low, rolling
hills, and (3)widely spaced drainage. Local to sub-
regional sinkhole topography is present where lime-
stone rocks lie at or near land surface. A series of

Middle Eocene:
ME-1 Asterigerina texana (Stadnichenco)
ME-2 Dictyoconus sp.’
ME-3 Spirolina coreyensis (Cole)
ME-4 Lituonella floridana (Cole)
ME-5 Discorbis inornatus Cole .
ME-6 : . Valvulina cushmani Applin and Jordan
ME-7 ~ Valvulina martii Cushman and Bermudez
ME-8 Discorinopsis gunteril Cole
ME-9 Fabularia vaughani Cole and Ponton
ME-10 - Textularia coreyensis Cole
ME-11 Gunteria floridana Cushman and Ponton
ME-12 Pseudorbitolina cubensis Cushman and Bermudez
ME-13 Globorotalia bullbrooki Bolli
ME-14 Amphistegina lopeztrigoni Palmer
ME-15 Ceratobulimina stellata Bandy
ME-16 Globorotalia spinulosa Cushman®
ME-17 Clypeina infundibuliformia Morellet and Morellet (alga)
ME-18 Leguminocythereis petersoni Swain
ME-19 Lepidocyclina antillea Cushman (=L. gardnerae Cole)

Early Eocene:

LE-1 Miscellanea nassauensis Applin and Jordan
LE-2 Helicostegina gyralis Barker and Grimsdale®
LE-3 : Lockhartia sp.
" LE-4 Globorotalia formosa gracilis Bolli
LE-5 Globorotalia subbotinae Morozova
LE-6 Globorotalia wilcoxensis (Cushman and Ponton)
LE-7 Pararotalia trochoidiformis (Lamarck)
LE-8 Brachycythere jessupensis Howe and Garrett
LE-9 Haplocytheridea sabinensis (Howe and Garrett)
" LE-10 Pseudophragmina (Proporocyclina) cedarkeyensis Cole
Paleocene Series

P-1 Globorotalia pseudomenardii Bolli

P-2 Borelis floridanus Cole

P-3 Borelis gunteri Cole

P-4 Valvulammina nassauensis Applin and Jordan

P-5 . Globorotalia angulata (White)

P-6 Globorotalia pseudobulloides (Plummer)

P-7 Cythereis reticulodacyi Swain

P-8 Krithe perattica Alexander

P9 Trachylebris prestwichiana (Jones and Sherborn)
P-10

Globorotalia velascoensis (Cushman)

! Locally these species may also occur in rocks’of Oligocene age.
Occurs locally in rocks of late early Eocene age.
Occurs locally in the lower part of the middle Eocene.
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sandy marine terraces of Pleistocene age has been
developed in much of the area. Stringfield (1966) has
discussed the physiography of the study area in detail.

Coastal Plain sediments in the project area can be
separated into two general facies: (1) predominantly
clastic rocks containing minor amounts of limestone
that extend southward and eastward toward the At-
lantic Ocean and the Gulf of Mexico from the Fall Line

that marks the inland limit of the Coastal Plain and (2)

a thick, continuous sequence of shallow-water platform
carbonate rocks that underlie southeastern Georgia
and all of the Florida peninsula. In north-central
Florida and in southeastern Georgia, where these clas-
tic and carbonate rocks generally interfinger with one

. another, facies changes are both rapid and complex. In |

general, the limestone facies of successively younger
units extends progressively farther and farther updip
and encroaches to the northwest upon the clastic rocks
in an onlap relation, at least until the end of Oligocene
time. Miocene and 'younger rocks comprise a clastic
facies that, except where it has been removed by
erosion, covers the older carbonate rocks everywhere.
The various stratigraphic units within both the clastic-
and the carbonate-rock areas are separated by uncon-
formities that represent breaks in sedimentation. As
in most regional studies, however, these unconformi-
ties are not synchronous surfaces that extend through-
out the project area.

Cretaceous rocks generally crop out in a band adja-
cent to the crystalline rocks and folded strata of the
Piedmont and Appalachian provinces. In northeastern
Georgia, Eocene and Miocene sediments cover rocks of
Cretaceous age in an overlap relation. Figure 2 is a
generalized geologic map showing the distribution of
rocks of various ages in and adjacent to the project
area. Rocks of Tertiary age, whose carbonate facies
comprise most of the Floridan aquifer system, crop out
in a discontinuous band seaward of the Cretaceous
sediments and are also exposed in an area in western
peninsular Florida. Still farther seaward, a band of
predominantly clastic rocks of Miocene age crops out
to form the upper confining unit of the Floridan aquifer
system. Miocene rocks generally separate the Floridan
from Pliocene and Quaternary strata that are mostly
sands and comprise a surficial (unconfined)-aquifer.

RELATION OF STRATIGRAPHIC AND
HYDROGEOLOGIC UNITS

In the multistate area covered by this study, many
formation and aquifer names have been -applied to
-parts of the carbonate rocks that together are called
the Floridan aquifer system in this report. To avoid

- confusion and cumbersome terminology, the strati-
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graphic units mapped herein are time-rock units that
may include all or parts of several formations. The
relation between formation (rock-stratigraphic) ter-
minology and the time-rock (chronostratigraphic) units

‘mapped is shown on a correlation chart (pl. 2). Also

delineated on this chart are the formations or parts of
formations that are included in the Floridan aquifer
system.

Just as it'is necessary in a regional study to group
several geologic formations into regionally extensive
units, so must the rocks be grouped according to their
general water-bearing properties. Accordingly, the
Floridan aquifer system as mapped in this report
represents a vertically continuous sequence of carbon-
ate rocks that are in general highly permeable. The
aquifer system is everywhere underlain by low-
permeability materials that may be clastic, carbonate,
or evaporite rocks. Except where the aquifer system is
unconfined, it is overlain by clastic or impure carbon-
ate rocks of low permeability.

Within the sequence of generally high permeability
carbonate rocks are confining units of local to sub-
regional extent. Over much of the study area, the
subregional-scale confining units separate the Floridan
aquifer system into upper and lower high-permeability
zones, called the Upper and Lower Floridan aquifers,
respectively. A discussion of the aquifer-confining unit
terminology used in this report and companion chap-
ters of Professional Paper 1403 is given by Johnston
and Bush (1985). Locally, there may be several thin to
moderately thick low-permeability units of limited
areal extent within either of the high-permeability
zones (for example, well FLA-FRA-7, cross section
E-E’, pl. 21; well GA-CHA-8, fig. 12). The amount of

low-permeability rock within the aquifer system varies

greatly. In the north-central part of the Florida penin-
sula, much of the aquifer system is highly permeable;
in places in southern Florida, as much as 40 percent of
the system is low-permeability rock. The confining
units may consist of micritic limestone, fine-grained
dolomite, or limestone and dolomite that once were
permeable but whose pores are now filled with evapor-
ite minerals; in places, the confining units may repre-
sent zones of recrystallization.

GEOLOGIC STRUCTURE

The general configuration of Coastal Plain sedi-
ments in the study area is a tilted wedge that slopes

“and thickens seaward from the Fall Line. Superim-

posed on this prism-shaped mass of sediment are
gentle warps of subregional extent. Local to sub-
regional fault systems cut all or parts of the sediment
wedge in places. Some of the more prominent features
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that interrupt the gentle seaward slope of these Coast-
al Plain sediments and that have been recognized for
many years are shown in figure 3. The major features
shown in this figure affected Coastal Plain sediment
distribution and configuration over long periods of
geologic time. The large positive and negative folds in
and contiguous to the Florida peninsula fall into this
category. Other features, particularly some of the
smaller faults shown in figure 3, were active structures
for only a relatively short time, and many of them
accordingly had little effect (other than local) on
sedimentation.

The dominant influence on sedimentation in the
study area has been the Peninsular arch, a northwest-
trending feature that was continuously positive from

B1l

early Mesozoic (Jurassic) until Late Cretaceous time
and was intermittently positive during Cenozoic time.
Southwest of and parallel to the Peninsular arch is the
Ocala "uplift,” which affects only rocks of middle
Eocene age and younger. Although these two features
are often confused in the literature, they are, in fact,
distinct entities whose origins are not the same (Win-
ston, 1976). The shape of the Peninsular arch and its
effect on sedimentation in north-central Florida resem-
ble those of an upwarp produced by compressional
tectonics. Because the Ocala “uplift,” does not warp
or otherwise affect sediments older than middle Eo-
cene, it is not a true uplift. This feature was produced
by sedimentational processes—either an anomalous

buildup of middle Eocene carbonate sediments (Win-
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ston, 1976) or, more likely, differential compaction of
middle Eocene carbonate material shortly after deposi-
tion. Drilling on the “crest” of the Ocala "uplift”
shows that the feature is not of deltaic or reefal origin.
A subtle feature that appears at first to be a struc-
tural high is located in southeastern Alabama and
southwestern Georgia, roughly parallel to the Chat-
tahoochee River. This apparent high has been called
the Chattahoochee arch or anticline (Murray, 1961).
At places along this feature, outcropping older rocks
(Eocene) are surrounded by younger rocks (Oligocene),
a situation that would seem to indicate an anticline.
However, Patterson and Herrick (1971) thought that
such an interpretation was incorrect. A positive struc-
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ture did, in fact, exist in the general area of the
"Chattahoochee arch” during Jurassic time (Miller,
1982g) but there is no evidence that it persisted
beyond the end of the Jurassic. No positive feature is
shown in the Chattahoochee River area on maps of the
tops or thicknesses of the different time-stratigraphic
and hydrologic units differentiated in this report. The
"Chattahoochee arch” is considered to be an erosional
feature rather than a structural one.

The Peninsular arch is flanked on three sides by
negative features that have been depocenters since at
least Early Cretaceous time (fig. 8). To the south, a
thick sequence of platform carbonates was deposited
in the South Florida basin. To the northeast, in the

100 MILES
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Southeast Georgia or Savannah embayment, deposi-
tion of Lower Cretaceous clastic sediments was fol-
lowed by deposition of carbonate rocks in the Late
Cretaceous and early Cenozoic, which in turn was
followed by deposition of Upper Cenozoic clastic rocks.
The Southeast Georgia embayment represents a shal-
low east- to northeast-plunging syncline that subsided
at a moderate rate. To the northwest of the Peninsular
arch is the Apalachicola or Southwest Georgia embay-
ment, a southwest-plunging syncline where a thick
section of predominantly clastic rocks has been depos-
ited, almost continuously, since Late Jurassic time.
Rarely, in the Cenozoic, carbonate deposition -spilled
over westward into the Southwest Georgia embay-
ment from the Florida carbonate platform located to
the east. Farther westward, in extreme western pan-
handle Florida and in southern Alabama, time-
stratigraphic units thicken abruptly and their tops
slope steeply gulfward, reflections of the influence of
the rapidly subsiding Gulf Coast geosyncline. The top
and base of the Floridan aquifer system also reflect
this steep gulfward slope. The limestone that com-
prises the Floridan, however, thins gulfward as it is
replaced by fine-grained clastic rocks.: This facies
change continues until the limestone is absent al-
together in a well about 60 mi offshore from Mobile
Bay, Ala. ' T

A negative feature in southeastern Georgia, just
north of the Peninsular arch, has been called the
Suwannee strait (Dall and Harris, 1892), channel
(Chen, 1965), or saddle (Applin and Applin, 1967). This
basin was first called a strait because it was.thought to
represent a channellike feature, perhaps similar to the
modern Straits of Florida, that developed on the sea
floor and received little sedimentation because it was
swept clean by bottom currents. The feature was also
thought to represent the boundary between carbonate
sediments to the south and clastic sediments to the
north. This carbonate-clastic boundary, however, mi-
grates with time in a general northwest direction and is
not always confined to the Suwannee strait area. Well
data show a closed depression on the top of Paleocene
rocks in southeastern Georgia that may be an arm of
the Southeast Georgia embayment but is separated
from the main body of the embayment by a sill-like
ridge. The absence of such a depression in the top of
rocks of lower Eocene age or younger shows that the
Suwannee strait ceased to be an actively subsiding
basin during the early Eocene. Accordingly, this fea-
ture had little effect on the Floridan aquifer system,
although the  Floridan is slightly thicker within it.
Because the Suwannee strait area is a closed basin
within which several stratigraphic units are anoma-
lously thin, the exact origin of the basin is not clear.
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Perhaps ”starved-basin” conditions during the time of
deposition produced units that are thinner than what
would be expected.

Several faults and fault systems are shown in figure
3. In western Alabama, north-trending arcuate faults
bound the Mobile Graben, a negative feature that
shows much vertical displacement (Murray, 1961).
The faults to the north of the Mobile Graben are part
of the Gilbertown-Pickens-Pollard fault zone, which is
characterized by a series of both isolated and connect-
ed grabens. The northeast-trending series of small
faults in central Georgia (fig. 3) are the boundary faults
for a series of small grabens that, taken together, have
been called the Gulf Trough, first described by Herrick
and Vorhis (1963) and later by Gelbaum (1978) and
Gelbaum and Howell (1982). Within the grabens
bounded by the faults shown in figure 3, low-
permeability clastic rocks have been downdropped
opposite the limestone of the Floridan aquifer system
and thus retard the flow of ground water within the
system. Several faults shown along Florida’s eastern
coast (fig. 3) are of limited extent and generally show
little vertical displacement. These small faults do not
appear to have any effect on ground-water flow in the
Floridan aquifer system.

STRATIGRAPHY
GENERAL

Because relief in the study area is generally low,
outcrops of Coastal Plain strata are sparse. Accord-
ingly, the stratigraphic units delineated herein, like the
major permeability variations mapped, are based
primarily on data from wells. Standard techniques of
subsurface stratigraphic analysis were used to distin-
guish and map the separate stratigraphic units. Com-
plex facies variations exist within all rock units
throughout the study area; hence, chronostratigraphic
units were mapped rather than rock-stratigraphic
units. The upper and lower boundaries of the chronos-
tratigraphic units have been made to coincide with
rock-stratigraphic (lithologic) boundaries within each
well used as a control point. The same rock type may
not necessarily mark the boundary of the same
chronostratigraphic unit from well to well, however,
especially in places where facies change rapidly. Each
chronostratigraphic unit may therefore encompass
several different rock types. The formations or parts
of formations included in the several-chronostrati-
graphic units are.shown on plate 2. The chronostrati-
graphic units are discussed below, from oldest to
youngest. Only those units that are part of the Flori-
dan aquifer system or its confining units are mapped
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and described. Thus, most of the units are not mapped
past the updip limit of the aquifer system, even though
some are known to continue for a considerable distance
updip from the system.

The chronostratigraphic units delineated and
mapped represent sequences of rocks judged to have
been deposited over a given interval of geologic time.
Because exact dating of the rocks is not available, the
relative ages of the different units mapped are deter-
mined by the fauna (chiefly microfauna) that the rocks
contain. The identity of the separate chronostrati-
graphic units, however, does not depend upon the

presence of a certain fauna within them. Many of the

"formations” in the subsurface in the area, particularly
those in Florida, were originally defined as ”a distinct
microfaunal unit,” or as the sequence of rocks extend-

ing between the highest stratographic occurrences of

two concurrent- species that were judged to be time
diagnostic (see, for example, Applin and Applin, 1944).
Under the rules of the present North American Strati-
graphic Code, a unit defined on the basis of its faunal

content is neither a time-stratigraphic unit nor a rock-

stratigraphic unit; rather, it is a biostratigraphic unit
(North American Commission on Stratigraphic
Nomenclature, 1983). Many of the species described in
the literature as being diagnostic of a particular
"formation” are, in fact, good time markers in the
study area and are recognized as such in this report
(table 1). The fauna used in this study; however, serve
only to support the assignment of strata to a particular
chronostratigraphic unit and are nowhere the sole
criterion by which any unit mapped herein is recog-
nized. After a given unit’s relative age is established,
the top and bottom of the unit are adjusted at each
well control point to match lithologic changes as
shown in core or by a change in electric log pattern.

The external geometry of the different chronostrati-
graphic units is shown by a series of maps (pls. 3-14)
that portray the configuration of the top of a particular
unit or its thickness. Variations in the lithology of the
units are shown on a series of cross sections (pls. 15-24)
that were chosen to also demonstrate the permeability
variations within the Floridan aquifer system and its
confining units.

CRETACEOUS SYSTEM: GULFIAN SERIES

Rocks of the Gulfian Series of Late Cretaceous age
underlie the entire study area and include, in ascending
order, units equivalent to the Woodbinian, Eagle Ford-
ian, Austinian, Tayloran, and Navarroan provincial
stages of the gulf coast Upper Cretaceous. In the area
covered by this study, the Gulfian Series is found only
in the subsurface. North of the study area, rocks of the
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Gulfian Series comprise practically all of the band of
outcropping Cretaceous strata found at or near the
contact of Coastal Plain sediments and older crystal-
line rocks {(fig. 2). Applin and Applin (1967) mapped
and described the Gulfian Series over much of the
study area. This report deals only with the rocks that
are part of the Tayloran and Navarroan stages because
they are the oldest geologic units that comprise either
a part of the Floridan aquifer system or its lower
confining unit.

ROCKS OF TAYLOR AGE

In the shallow subsurface and in outcrop, Tayloran
rocks include parts of the Mooreville and Demopolis
Chalks and the Cusseta Sand Member of the Ripley
Formation in Alabama, parts of the Cusseta Sand
Member of the Ripley Formation and the Blufftown
Formation in Georgia; and the upper part of the Black
Creek Formation and the lower part of the Peedee
Formation of South Carolina (Hazel and others, 1977).
Rocks of Taylor age, however, are unnamed in most of
the subsurface of the eastern Gulf Coast, including the
area covered by this study. Practically all Tayloran
strata in the report area consist of low-permeability
rocks that range from light-gray, massive, often cal-
careous clay in southern Alabama, panhandle Florida,
and much of central Georgia to chalk or argillaceous
chalk in most of peninsular Florida. Thin layers of
dolomite are interbedded with the chalk over much of
Florida. Beds of fine- to medium-grained glauconitic
sand are present in northeastern Georgia and South
Carolina, along with carbonaceous material and local
shell beds. Clayey beds of Taylor age in northeastern
Georgia and South Carolina are usually darker in color
and contain less calcareous material than similar beds
elsewhere in the study area. The Tayloran chalks of
peninsular Florida are part of a thick Upper Creta-
ceous chalk sequence and can be differentiated only on
the basis of their microfauna (Applin and Applin, 1967;
Mabher, 1971). All Tayloran strata in the study area
were deposited in a marine environment. In Florida,
southern Alabama, and southwestern Georgia, these
rocks represent middle to outer shelf conditions; in
northeastern Georgia and South Carolina, they were

- laid down in marginal marine and inner shelf environ-

ments. :
Rocks of Taylor age attain a maximum thickness of
about 1,300 ft in the study area (Applin and Applin,

- 1967) and are everywhere underlain by rocks of Austin

age. Over much of the area, beds of Navarro age
overlie Tayloran rocks. In panhandle Florida, southern
Alabama, and southwestern Georgia, however, rocks
of Navarro age are thin and discontinuous; here, rocks
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of Paleocene age may lie directly on rocks of Taylor age
(Applin and Applin, 1967). A map showing the con-
figuration of the top of the Cretaceous (fig. 4) is accord-
ingly a composite map representing the tops of several
Cretaceous units. Most of the major geologic struc-
tures that affect the stratigraphic and permeability
units comprising the Floridan aquifer system are
shown on this map (compare figs. 3 and 4). The low
areas shown in figure 4 in southeastern Georgia and
southwestern peninsular Florida represent the South-
east Georgia embayment and the South Florida basin,
respectively. The high area in northern Florida is the
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Peninsular arch. Also shown in figure 4 is the steep,
southwest-trending slope of the northern rim of the
Gulf Coast geosyncline, and a series of faults in south-
western Alabama that represent the Mobile Graben
and the Gilbertown-Pickens-Pollard fault zone.

Fauna considered characteristic of rocks of Taylor
age in the eastern Gulf Coast include the foraminifers
Bolivinoides decoratus Jones, Stensionina americana
Cushman and Dorsey, Marsonnella oxycona (Reuss),
Dorothia glabrella Cushman, Globotuncana ventricosa
White, G. elevata (Brotzen), and G. calcarata Cushman
and the ostracod Brachycythere sphenoides (Reuss).
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ROCKS OF NAVARRO AGE

In outcrop and in the shallow subsurface, Navar-
roan rocks include the Prairie Bluff Chalk, the Ripley
Formation (except for the Cussetta Sand Member), and
the upper part of the Demopolis Chalk in Alabama; the
Ripley Formation (again, excluding the Cusseta Sand
Member) and the Providence Sand in Georgia; and the
upper part of the Peedee Formation in South Carolina
(Hazel and others, 1977). Downdip, rocks of Navarro
age are unnamed except for the Lawson Limestone of
northern Florida and southeastern Georgia (Applin
and Applin, 1944, 1967). As mentioned previously,
beds of Navarro age are thin and discontinuous over
much of the area, particularly where these strata are
clastic. Navarroan rocks in the study area can be
grouped into four general facies: (1) calcareous gray
shale interbedded with thin, fine-grained sand in south-
ern Alabama and panhandle Florida; (2) light- to dark-
gray, glauconitic, locally shelly and calcareous sand,

clayey sand, and clay in northeastern Georgia and

South Carolina; (3) dominantly tan to white, pelletal,
soft, friable, locally gypsiferous dolomitic limestone
(Lawson Limestone) that contains the remains of algae
and rudistid pelecypods in north-central Florida and
southeastern Georgia (the Lawson is locally very por-
ous owing to a decrease in its micrite matrix, and,
where it is porous it is included as part of the Floridan
aquifer system); (4) white chalk interbedded with
- light-gray argillaceous micritic limestone in southern
peninsular Florida. The transition from clastic to
carbonate rocks is abrupt and takes place along a
northeast-trending line in southern Georgia, where
both clastic and carbonate materials thin drastically.
Navarroan rocks thicken to the northwest and south-
east of this line, which is located approximately in the
area labeled ”Suwannee strait” on figure 3, and along
its extension to the southwest. Applin and Applin
(1967) thought that this area of thin Navarroan sedi-
ments represented a flexure that was positive during

much of Late Cretaceous time but subsequently

became a negative feature.

Although the Lawson Limestone is quite extensive,
it is only in and near the Brunswick, Ga., area that the
Lawson is sufficiently permeable to be considered part
of the Floridan aquifer system. Elsewhere, rocks of
Navarro age are of low permeability. The Lawson can
be readily recognized because of its distinctive litholo-
gy and the rudistid pelecypod fauna that it commonly
contains. Micritic limestone and clayey strata of
Navarro age, by contrast, can often be distinguished
from older rocks only on the basis of the microfauna
that they contain. Rocks of Navarro age reach a
maximum thickness of about 600 ft in southern penin-
sular Florida. For the most part, however, they are
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less than 200 ft thick.

Fauna characteristic of Navarroan rocks include the
rudistid pelecypods mentioned earlier and the
foraminifers Vaughanina cubensis Palmer, Lepidorbit-
otdes nortoni (Vaughan), and Sulcoperculina cosdeni
Applin and Jordan.

Fine-textured Navarroan strata in the study area
were deposited in middle to outer shelf environments.
The clastic rocks of Navarro age that lie updip from
the chalks and micritic limestones were laid down in
inner shelf to shoreline environments.

TERTIARY SYSTEM

PALEOCENE SERIES
GENERAL

Rocks of Paleocene age underlie the entire study
area and can be grouped into two general facies catego-
ries: (1) a carbonate-evaporite facies that consists
mostly of interbedded dolomite and anhydrite and (2) a
clastic facies that consists primarily of shallow-marine
clay and minor amounts of fine sand and impure lime-
stone. The carbonate-evaporite facies underlies all of
peninsular Florida and a small part of southeastern
Georgia, and the predominantly clastic facies lies to
the north and west of the carbonate platform. The
demarcation between these two facies is sharp, and
they are assumed to interfinger with each other over a
narrow transition zone, although no well drilled to date -
(1983) has shown such interfingering.

The distribution of the clastic and carbonate facies
in rocks of Paleocene age is shown on plate 3, which
also shows the configuration of the top of the Paleo-
cene and the area where rocks of Paleocene age crop
out. In Alabama and extreme western Georgia, the top
of the Paleocene is contoured into the outcrop area.
From central Georgia northeastward to South Caroli-
na, the updip extent of the Paleocene is based on well
control because Paleocene rocks are mostly overlapped
there by younger strata. In South Carolina, the Paleo-
cene is known to extend for a considerable distance to
the north of the contours shown on plate 3. Paleocene
rocks were contoured only to the limit of the well
control used to delineate the Floridan aquifer system.

Plate 3 shows that several large-scale structural
features affect the shape of the top of Paleocene rocks.
In the western third of the study area, the Paleocene
top slopes steadily at a rate of about 30 ft/mi toward
the axis of the Gulf Coast geosyncline. Farther east-
ward, a low area of moderate size extending from
Franklin County to Leon County, Fla., represents the
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Southwest Georgia embayment. In north-central
Florida, a northwest-trending high area is the Peninsu-
lar arch. The depression contours to the north of this
arch represent the Suwannee strait, which is silled to
the east by a slight rise in the Paleocene top. East of
this sill, the Paleocene top descends into the Southeast
Georgia embayment. The depression contours in
southern peninsular Florida represent part of the
South Florida basin, which was silled to the west by
the Charlotte high (Winston, 1971), a local positive
feature. The broad negative area that extends north-
westward across east-central Georgia and the south-
east-plunging positive feature that parallels it to the
northeast are both unnamed. The magnitude of these
warps on the Paleocene top shows that they are struc-
tural rather than erosional in origin.

The maximum measured depth to the top of the
Paleocene Series is 4,680 ft below sea level in well
ALA-BAL-30 in Baldwin County, Ala. The maximum
contoured depth of the top is below 5,000 ft in the same
general area. In southern Florida, the Paleocene top
reaches a maximum measured depth of about 3,660 ft
in eastern Glades County (well FLA-GL-1).

A primary objective of this hydrogeologic investiga-
tion was to delineate and map permeability variations
within the Floridan aquifer system. As a later section
of this report will discuss, evaporite-bearing rocks of
Paleocene age comprise the base of the system over
much of the Floridan's area of occurrence. Elsewhere,
younger rocks make up the base of the system. Neither
permeability nor stratigraphy was mapped below the
middle part of the Paleocene (except very locally, in the
Brunswick, Ga., area, where all of the Paleocene and
part of the Upper Cretaceous are included in the aqui-
fer system). No isopach map of Paleocene rocks was
constructed because the base of the Paleocene was not
mapped. The thickness of clastic Paleocene rocks,
however, is known to exceed 1,400 ft in Mobile County,
Ala. (well ALA-MOB-16). The Paleocene carbonate-
evaporite sequence is known to be slightly more than
2,200 ft thick in southern Florida (well FLA-LEE-3,
Lee County).

Paleocene rocks in the study area can be assigned to
several formations (pl. 2). Of these units, only the
upper part of the Cedar Keys Formation of Florida and
southeastern Georgia is part of the Floridan aquifer
system. Anhydrite beds in the Cedar Keys, which are
areally extensive and usually occur near the base of the
upper third of the unit, form the base of the aquifer
system over most of peninsular Florida. Updip from
the Cedar Keys, clayey Paleocene strata that are
equivalent to part of the Clayton Formation. locally
comprise the base of the system. In eastern Alabama
and western Georgia, ground water is obtained from
limestone of the Clayton Formation, but this limestone
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is nowhere connected to the main body of Tertiary
limestone mapped as the Floridan aquifer system.

At the time of this writing (1984), the boundary
between Paleocene and Eocene strata in the eastern
Gulf Coast is being revised. The work of Berggren
(1965), as well as more recent work (Oliver and Man-
cini, 1980; Gibson, 1980, 1982a), has shown that rocks
in Alabama that were long thought to be part of the
early Eocene are actually of late Paleocene age. Some
formations (such as the Tuscahoma) that contain
Paleocene index fossils in their lower parts only are
mapped herein as part of the Paleocene. Most of the
recent stratigraphic revisions of the Paleocene-Eocene
boundary have been in the outcrop area of southern
Alabama; most of the mapping done during this study,
however, was based on deep subsurface data, and the
question of the. Paleocene-Eocene boundary therefore
becomes a problem only as subsurface correlations are
projected toward outcrop. Because the boundary is
still in a state of revision, it is important to briefly
summarize the history of the problem and set forth the
rationale used in this report for assigning a Paleocene
age to certain rock units.

Beds in the eastern Gulf Coast that are now known
to be of Paleocene age were thought to be part of the
Eocene Series before the discovery of a Paleocene fossil
mammal in a well in Louisiana (Simpson, 1932). Subse-
quently, these beds were grouped into the provincial
Midwayan Stage, a time-stratigraphic unit comprised
of formations that could be dated mostly as Paleocene
primarily on the basis of their molluscan fauna. Over
the years, the term Midway became synonomous with
the term Paleocene. In the eastern Gulf Coastal Plain,
the Midwayan Stage included the Clayton, Porters
Creek, and Naheola Formations (pl. 2), although the

‘Naheola was recognized to be lithologically similar to

beds of the overlying Wilcox Group (Toulmin, 1977).
The term ”"Wilcox Group” itself has been controversial
(Murray, 1955, 1961), for “Wilcox” has been used in a
time-stratigraphic sense (synonomously with Sabinian
Stage to designate early Eocene rocks) as well as in a
rock-stratigraphic sense (Wilcox Group). In the east-
ern Gulf Coast, the Nanafalia, Tuscahoma, and Hatch-

~ etigbee Formations (pl. 2) traditionally have been con-

sidered to comprise the Wilcox Group and to be of
early Eocene age. .

More recently, the Paleocene and Eocene section of
the Gulf Coast has been correlated with the European
section by using planktic microfauna (chiefly Forami-
nifera and calcareous nannoplankton), which are con-
sidered to be worldwide stratigraphic markers (Berggr-
en, 1965, 1971, 1977; Oliver and Mancini, 1980; Bybell,
1980; Gibson and others, 1982). The Nanafalia Forma-
tion of Alabama, formerly thought to be of early
Eocene age, has been shown to consistently contain
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the planktic foraminifer Globorotalia pseudomenardii
Bolli, a worldwide Paleocene form. The generic place-
ment of certain planktic species has recently been
revised by some authors. For example, Globorotalia
pseudomenardii is presently considered to belong to

the genus Planorotalites; G. subbotinae and G. velasco-

ensis are thought to belong to the genus Morozovella.
These revisions, however, are not accepted by all mi-
cropaleontologists. The taxonomy used for planktic
foraminifers in this report and the range of the differ-
ent species follow Stainforth and others (1975).
Globorotalia pssudomenardii has been reported (Oliver
and Mancini, 1980) from marl beds in the lower part of
the Tuscahoma Formation. Higher up in the Tus-
cahoma, other marl beds contain G. wvelascoensis

(Cushman), a form usually shown on foraminiferal
zonation charts as ranging into the latest Paleocene.

The base of Eocene strata is considered by some
authors to be the first occurrence of G. subbotinae
Morozova (formerly called G. rex Martin). However,
Oliver and Mancini (1980) recorded G. subbotinae,
along with G. velascoensis, from the same beds in the
upper part of the Tuscahoma. Stainforth and others
(1975) showed that the range of G. velascoensis over-
laps the entire range of G. pseudomenardii below, and
slightly overlaps the range of G. subbotinae above.

In the subsurface strata examined during this
study, G. velascoensis was found to occur commonly in
the same beds with G. pseudomenardii; accordingly,
beds that contain either of these species are considered
to be of definite Paleocene age. Beds in the deep
subsurface that contain G. subbotinae are herein con-
sidered to be of early Eocene age. This zonation
becomes a problem only in the outcropping Tuscahoma
Formation, which, as an earlier discussion pointed out,
contains G. pseudomenardii in its lower part and G.
subbotinae in its upper part. Calcareous nannoplank-
ton from marl beds in the Tuscahoma show that these
beds are of Paleocene age (Gibson and others, 1982),
and sporomorphs from the uppermost Tuscahoma
indicate that the entire formation is probably late
Paleocene (Frederiksen and others, 1982).

Downdip, all of the Paleocene and lower Eocene
formations that are lithologically different in the out-
crop area of Alabama grade by facies change into thick
marine clay sequences separated by thin sands. The
lithology and electric log patterns of these clays are
uniform and the strata can be differentiated only on
the basis of the microfauna that they contain. Accord-
ingly, the Paleocene in this study was mapped in
southern Alabama and western panhandle Florida on
the basis of the highest occurrence of G. velascoensis.
Rocks containing G. subbotinae were mapped as part
of the early Eocene. As plate 2 shows, rocks of the
Tuscahoma Formation or its equivalents are judged to

FLORIDAN AQUIFER SYSTEM RASA PROJECT

represent the top of the Paleocene. The Hatchetigbee
Formation and its equivalents are considered to repre-
sent the base of the early Eocene. Plate 2 also shows
that neither the units mapped for this study nor the
Paleocene-Eocene boundary as determined by Berggr-
en (1971) and Oliver and Mancini (1980) coincides with
the traditional concept of the Midwayan and Sabinian
provincial stages.

Cepar KEys ForMATION

Cole (1944c, p. 28) used the name Cedar Keys For-
mation for ”“cream to tan colored, hard limestones
which contain Borelis gunteri Cole and Borelis
floridanus Cole in their upper portion.” Cole thought
that the Cedar Keys was an early Eocene unit and
equivalent to the “Midway Formation,” which at the
time was also considered to be early Eocene. Both the
Cedar Keys and the "Midway"” are now considered to
be Paleocene in age. Cole did not specify a type well
section for the Cedar Keys. Applin and Applin (1944)
called these rocks the "Cedar Keys Limestone” rather
than ”"Formation,” but they, like Cole, neglected to

“specify a type well. Winston (1976) subsequently desig-

nated a well in Levy County, Fla. (Coastal Petroleum
Company’s #1 Ragland, well FLA-LV-4) as the cotype
well for the Cedar Keys and redefined the unit on the
basis of lithologic criteria rather than paleontologic
criteria. Samples examined by this author confirm the
findings of Applin and Applin (1944), Chen (1965), and
Winston (1976), all of whom observed that the Cedar
Keys is practically everywhere either partially or com-
pletely dolomitized and that the unit in most places
carries intergranular gypsum that fills much of the
pore space in the dolomite. Accordingly, the unit
should more properly be designated the "Cedar Keys
Formation,” the terminology used in this report. The
upper part of the Cedar Keys usually consists of gray
to cream, coarsely crystalline dolomite that is moder-
ately to highly porous. The species of Borelis that
characterize much of the Cedar Keys section are not

. present in this uppermost dolomite, because the do-

lomitization process obliterated any fauna enclosed in
the original limestone.

Approximately the lower two-thirds of the Cedar
Keys consists of tan to gray, finely crystalline to
microcrystalline dolomite interbedded with white to
clear anhydrite that commonly shows an interlithic or
"chicken wire” texture—that is, thin, veinlike, contort-
ed partings of dolomite separate large nodular masses
of anhydrite. This texture, plus the extensive amounts
of anhydrite present in the Cedar Keys, shows that the
unit was deposited in a tidal flat type of environment,
possibly analagous to but more areally extensive than,
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a modern sabkha environment. Locally, dolomite stra-

ta that are interbedded with the anhydrite contain
abundant Borelis spp. and the foraminifer Valvulam-
mina nassauensis Applin and Jordan, an indication
that open marine conditions were reestablished peri-
odically in the tidal flat areas.

The evaporite-dolomite sequence is characteristic of
the Cedar Keys of the Florida peninsula (see pl. 3). A
sharp demarcation exists between this facies and the
clastic Paleocene beds that are part of the Clayton
Formation in southern Georgia and its equivalents in
panhandle Florida. The Cedar Keys may either inter-
finger with or grade into these clastic strata. Well data
show that the clastic rocks become calcareous near the
point where the clastic-carbonate facies change takes
place. No well data available to this author show the
Cedar Keys in contact with the clastic Paleocene beds,
however. The faunal transition between the Cedar
Keys and the clastic Paleocene is equally sharp. The
Borelis fauna characteristic of the Cedar Keys has not
been found as of this writing in any well that contains a
planktic foraminiferal fauna of definite Paleocene age.
Because of this limitation, no definitive age can be
assigned to the Cedar Keys, and the unit is placed in
the Paleocene in this study solely on the basis of its
stratigraphic position. The thin beds of limestone that
occur locally at the top of the clastic Paleocene section
in the Florida panhandle do not resemble the Cedar
Keys in any way.

The thick anhydrite beds of the Cedar Keys, where
they are present, form the lower confining unit of the
Floridan aquifer system. Locally, in the Brunswick,
Ga., area, well data show that the Cedar Keys is
permeable throughout (rather than only in the upper-
most dolomite beds), and the entire formation is con-
sidered to be part of the Floridan aquifer system there.

CLAYTON FORMATION AND EQUIVALENT ROCKS

The Clayton Formation, at its type area in eastern
Alabama, consists mostly of coarse-grained sand and
minor amounts of sandy, hard to semi-indurated,
mollusk-rich limestone. Downdip for a short distance
and eastward into extreme western Georgia, the
amount of limestone in the Clayton increases. Still
farther downdip, the limestone grades by facies change
into a massive calcareous marine clay section that
contains a few thin beds of sand. The Clayton thins
westward and grades gradually into the sandy, silty
Pine Barren Member below and the soft, marly

McBryde Limestone Member above (pl. 2). In central

and western Alabama, the upper part of the Clayton
grades into the massive, dark-colored clay of the Port-
ers Creek Formation (Toulmin, 1977). The Porters
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Creek is for the most part nonmarine to very shallow
marine and is not the same as the marine clay that
replaces the Clayton downdip. Scattered well data in
central Alabama show that the Porters Creek, like the
Clayton, grades laterally downdip into this massive
marine clay, but a section of thick-bedded, marine,
slightly glauconitic sand and gray to brown subfissile
clay intervenes between the two formations. Locally,
the uppermost beds of the Porters Creek consist of the
thin, abundantly fossiliferous Matthews Landing Marl
Member.

Most of the Paleocene strata in Georgia have been
placed in the Clayton Formation by Herrick and Vor-
his (1963). For the most part, the Clayton in Georgia
consists-of fine- to medium-grained glauconitic sand
and clayey sand and smaller amounts of medium- to
dark-gray clay. The top of the Clayton in Georgia is
commonly marked by a dark-gray, sandy, glauconitic,
hard limestone that usually contains casts and molds
of pelecypods and gastropods. This limestone is thick-
est in western Georgia, where it constitutes an impor-
tant local source of ground water. In eastern Georgia,
near the Savannah River, the amount of dark-colored
clay in the Clayton increases and grades laterally into
the Black Mingo Formation of South Carolina, which
consists mostly of dark-colored, carbonaceous clay and
thin beds of fine- to medium-grained sand.

In southeastern Georgia, clastic beds of the Clayton
merge along a fairly sharp line (pl. 3) with light-colored
dolomite of the Cedar Keys Formation. Locally, in
updip areas of the central Georgia Coastal Plain, the
Clayton grades into dark-colored clay that has been
called the Porters Creek Formation, which in turn
grades into sands that may be part of the Huber
Formation (Huddlestun, 1981).

UNDIFFERENTIATED PALEOCENE ROCKS

Paleocene rocks in most of panhandle Florida, much
of southern Alabama, and a small area in extreme
southwestern Georgia consist of massive, gray to
greenish-gray, subfissile, calcareous, occasionally
sandy and slightly glauconitic marine clay. Eastward,
this clay grades into argillaceous limestone, which in
turn grades into dolomite and dolomitic limestone of
the Cedar Keys Formation. Northward, the clay
grades into the sand, clay, and limestone sequence of
the Clayton Formation! The massive clay is at present
unnamed. Applin and Applin (1944) referred to this
unit informally as “the clastic lithofacies of the
Paleocene” or as the “Tamesii faunal unit” because
these clay beds contain a foraminiferal fauna in their
lower part that is similar to the fauna of the lower
Paleocene Tamesii (Velasco) Formation of Mexico.

¢
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Applin (1964) thought the “Tamesii fauna” represent-
ed a span of time roughly equivalent to that during
which the Clayton, Porters Creek, and Naheola Forma-
tions were deposited. The implication is that the mas-
sive clay cannot be differentiated into these three
units, as Chen (1965) correctly stated. Chen chose to
call the massive clay unit the "Midway Formation.”
The author prefers the term “undifferentiated Paleo-
cene rocks” because it avoids the implication that the
term Midway is synonymous with rocks of Paleocene
age.

Microfossils diagnostic of undifferentiated Paleo-
cene strata in the study area include the planktic
Foraminifera Globorotalia pseudomenardii Bolli, G.
velascoensis (Cushman), G. angulata (White), and G.
pseudobulloides (Plummer). In shallower water depos-
its, the Ostracoda Cythereis reticulodacyi Swain,
Krithe perattica Alexander, and Trachylebris presth-
chiana (Jones and Sherborn) are characteristic.

NANAFALIA FORMATION

The outcropping Nanafalia Formation in western -

Alabama can be divided into (1) the lower Gravel Creek
Sand Member, a coarse-grained sand, (2) a middle,
highly fossiliferous glauconitic sand unit informally
called the "Ostrea thirsae” beds, and (3) the upper
Grampian Hills Member, which censists of dark
greenish-gray clay interbedded with minor amounts of
glauconitic sand (pl. 2). The Gravel Creek Sand is
poorly preserved as local erosional remnants in eastern
Alabama. The diagnostic Nanafalia oyster Odontogry-

phea thirsae Gabb, characteristic of the middle part of
" the Nanafalia, ranges upward into the basal beds of the
Grampian Hills Member. The upper and middle parts
of the Nanafalia in eastern Alabama and western
Georgia grade laterally updip into the Baker Hill
Formation (Gibson, 1982a), a sequence of interbedded
micaceous sand and kaolinitic, bauxitic, and carbona-
ceous clay. Nanafalia sediments rapidly become finer
grained and more marine in a gulfward direction. In
southernmost Alabama and western panhandle
Florida, beds that are the equivalent of the Nanafalia
are gray to greenish-gray marine clays that are indis-
tinguishable from the underlying clays belonging to
undifferentiated Paleocene rocks. The Nanafalia clays
can be separated from these older clays only in wells
where beds of either limestone or calcareous sand occur
between the two' thick - clay units. The outcroppmg
Nanafalia is known to thin as it loses coarser clastics in
a downdip direction (Toulmin, 1977; Reinhardt and
Gibson, 1980), and subsurface data still farther down-
dip show that the-Nanafalia (upper) part of the massive
marine clay sequence is thin in comparison with the
lower part.
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TuscanoMa FORMATION

The Tuscahoma Formation in outcrop and in the
shallow subsurface is chiefly silt and silty clay contain-
ing some fine-grained sand beds. Locally, sand is the
dominant lithology in outcrop areas. Some sand beds
are glauconitic and fossiliferous, and two such beds
have been named the Greggs Landing and Bells Land-
ing Marl Members. The Tuscahoma grades downdip
into soft, brown to gray, calcareous, slightly glauconit-
ic clay that contains much fine-grained organic materi-
al and a few beds of fine-grained glauconitic calcareous
sand.

Still farther southward, the Tuscahoma grades into
gray to greenish-gray marine clays that are included in
the undifferentiated Paleocene rocks. Globorotalia
pseudomenardii Bolli and G. velascoensis (Cushman)
characterize the Tuscahoma. G. subbotinae Morozova,
which is found in the outcropping Tuscahoma, is not
considered characteristic of the formation in the sub-
surface.

LocAL PALEOCENE UNITS

There are several Paleocene units of local to sub-
regional extent in and contiguous to the study, area.
One of these is the Ellenton Formation in South Caroh
na (pl. 2), a thin unit of clay and marl (Siple, 1967)
whose extent is poorly known and which is dated in
only a few places. Although the Ellenton is possibly
equivalent to basal Paleocene deposits in the Charles-
ton, S.C., area (G. S. Gohn, written commun., 1983)
that were called Beaufort(?) Formation by Gohn and
others (1977), well control is not sufficient to correlate
the two units exactly. Faye and Prowell (1982) as-
signed an early to middle Paleocene age to cored
materials in Burke County, Ga., that they thought
belonged to the Ellenton Formation. Another such
local unit is the Naheola Formation in Alabama, which
consists of the lower Oak Hill Member (a laminated
dark-colored silt, clay, and sand sequence that is local-
ly fossiliferous) and the upper Coal Bluff Marl Member
(a fossiliferous glauconitic sand). The Naheola is not
recognized in the subsurface, but its equivalents are
possibly part of the massive, unnamed, downdip ma-
rine clay of Paleocene age. A third Paleocene unit of
minor importance is the Salt Mountain Limestone, a
white, massive, dense, microcrystalline to finely crys-
talline limestone that crops out locally in western
Alabama, where it has been upthrown along the Jack-
son fault zone (Toulmin, 1940; Wind, 1974). The Salt
Mountain is thin and discontinuous in the subsurface
and occurs as a series of disconnected lenses that
typically lie within the upper third of the thick, undif-
ferentiated Paleocene clay sequence.



HYDROGEOLOGIC FRAMEWORK OF THE FLORIDAN AQUIFER SYSTEM

DEPOSITIONAL ENVIRONMENTS

Rocks of Paleocene age were for the most part
deposited in marine or marginal marine environments.
In updip areas, the basal sands of the Clayton Forma-
tion represent a transgressive marine sand. Their
western equivalents, the laminated, fossiliferous silt
and sand of the Pine Barren Member of the Clayton,
represent a shallow, restricted marine environment
such as a bay or an estuary. Both the Pine Barren and
the basal Clayton sands were succeeded by soft, micrit-
ic (McBryde Limestone Member) to shelly, sandy lime-
stone that represents a shallow, open marine environ-
ment. A minor regression of the sea followed deposi-
tion of this limestone, during which a shallow marine
sand. (part of the Clayton) was laid down in eastern
Alabama and the blocky, massive, nonmarine to very

shallow marine Porters Creek Formation was deposit-

ed in western Alabama. The Matthews Landing Marl
Member of the Porters Creek was deposited in a re-
stricted marine environment during a minor transgres-
sion near the end of Porters Creek time. In middip
areas, the Clayton Formation and its equivalents are
entirely shallow marine. The laminated silty sands of
the Tuscahoma Formation were deposited in a restrict-
ed marine environment, probably a tidal flat. Periodi-
cally, local transgressions of the sea covered the tidal
flat and allowed deposition of the Greggs Landing and
Bells Landing Marl Members. Farther downdip, the
massive marine clay that is the deeper water equiva-
lent of the Clayton, the Nanafalia, and the Tuscahoma
was deposited in quiet open-marine water in a midshelf
area.

‘To the south and east of the clastic Paleocene rocks,
the Cedar Keys Formation was deposited in a shallow,
warm-water, carbonate bank environment. The exten-
sive evaporite deposits of the Cedar Keys represent
tidal flat or sabkha-type conditions that existed over
wide areas and for a long time on this carbonate bank.

The basal part of the Naheola Formation in western

- Alabama (Oak Hill Member) represents a fluvial to
very shallow marine (tidal flat accompanied by occa-
sional oyster banks) environment. The succeeding
Coal Bluff Marl Member of the Naheola was deposited
in a restricted marine to very shallow open marine
environment. Downdip, the Naheola probably passes
by facies change into part of the massive, open marine
clay that forms most of the downdip Paleocene. Well
control is not available to show such a transition,
however.

The Salt Mountain Limestone was deposited in an
open marine, quiet, shallow-water environment. The
Salt Mountain is thin and discontinuous, possibly as
the result of postdepositional erosion. In wells where
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the Salt Mountain is absent and the Paleocene se-
quence consists entirely of marine clay, however, no
disconformity is known to exist within the massive
clay sequence.

The Gravel Creek Member of the updip Nanafalia
Formation in western Alabama is a fluvial sand. It is
overlain by the ”Ostrea thirsae” beds and the Grampi-
an Hills Member, both of which were deposited in a
restricted marine environment. The Baker Hill Forma-
tion, which is the equivalent of the upper Nanafalia in
eastern Alabama and western Georgia, was deposited
in fluvial and estuarine environments. Downdip, the
Nanafalia Formation grades into and becomes part of
the massive, marine, undifferentiated Paleocene clay.

The Ellenton Formation is thought to represent a
basal shallow marine transgressive deposit that con-
sists in large part of reworked sediments from the
underlying Cretaceous. The Beaufort(?) Formation of
Gohn and others (1977) consists mostly of marginal
marine beds. The overlying Black Mingo Formation is
shallow marine for the most part and reflects a slight
regression followed by a transgression.

EOCENE SERIES
GENERAL

The thick sequence of Eocene rocks that is every-

. where present in the study area can be readily divided

into rocks of early, middle, and late Eocene age. The
rocks mapped during this study as middle Eocene and
late Eocene correspond to the Claibornian and Jack-

" sonian provincial Gulf Coast stages, respectively.

Rocks of early Eocene age as mapped correspond to
the upper part of the Sabinian provincial stage. These
relationships are shown on the generalized correlation
chart (pl. 2). As the section of this report dealing with
the Paleocene Series discusses, the traditionally ac-
cepted concept that the Sabinian Stage is equivalent to
the Wilcox Group and that both terms refer to rocks of
early Eocene age is no longer valid. Many of the units
formerly assigned to the lower part of the Sabinian
Stage are now known to be of Paleocene age, rather
than Eocene (Oliver and Mancini, 1980; Gibson, 1980,

'1982a). These units are accordingly included in the

Paleocene Series as mapped in this report. >

Eocene strata in the study area are extensive, thick,
and, where they consist of carbonate rocks, generally
highly permeable. The major part of the Floridan
aquifer system is made up of Eocene rocks, which
commonly show highly developed primary (inter-
granular) and secondary (dissolution) porosity, particu-
larly in their upper parts. Like the Paleocene rocks,
carbonate rocks of both early and middle Eocene age
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grade updip by facies change into calcareous, glauco-
nitic, clastic rocks. This carbonate-clastic transition
lies farther to the north and west in lower Eocene
strata than it does in the underlying Paleocene and is
located still farther north and west in middle Eocene
rocks. Upper Eocene rocks retain their carbonate
character in many places up to the point where they
are truncated by erosion. The overall effect is that of a
general regional transgression that began in Paleocene
time and persisted through the late Eocene and during
which the marine facies of progressively younger rocks

extended progressively farther and farther inland.

Several minor regressions punctuated this general
transgression. These observations are consistent with
the sea level curve of Vail and others (1977}, which
shows that sea level worldwide became progressively
higher from early to late Eocene time.

Rocks oF EARLY EOCENE AGE

Downdip, a lower Eocene carbonate sequence under-
lies southeastern Georgia and the Florida peninsula;
updip, the remainder of the study area is underlain by
clastic lower Eocene rocks. Locally, in South Carolina,
the Eocene in the subsurface is an impure limestone.
Plate 4 shows the configuration of the top of rocks of
early Eocene age and the area where they crop out.
Comparison of plate 4 with a map of the structural

surface of the Paleocene (pl. 3) shows that, in Alabama"

and southwestern Georgia, lower Eocene rocks lie to
the south and east of Paleocene rocks in offlap relation-
ship. In central Georgia, however, beds of early Eo-
cene age overlap and extend farther to the north than
the underlying Paleocene rocks. Lower Eocene rocks
are known to extend farther to the north in this overlap
area than plate 4 shows, but they have been mapped
during this study only to the limits of the well control
used to delineate the Floridan aquifer system. In the
western part of the study area, the configuration of the
top of the early Eocene is contoured up to the limit of

outcrop of these rocks (pl. 4).

Many of the large- to intermediate-scale structural
features that affect the shape of the Paleocene surface
(pl. 3) are recognizable on the early Eocene surface (pl.
" 4). Those features common to both maps include (1)
the Peninsular arch in north-central Florida, (2) the
Southeast Georgia embayment, and (3) a steep, steady
slope toward the Gulf Coast geosyncline in the western
part of the study area. The Southwest Georgia embay-
ment in eastern panhandle Florida is a negative area on
both the Paleocene and early Eocene tops, but this
feature is deeper and narrower and extends farther to
the northeast on the early Eocene surface than it does
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on the top of the Paleocene. The configuration of the:
South Florida basin in southwestern peninsular

Florida likewise differs on the Paleocene and early
Eocene surfaces. This feature was somewhat silled on

its gulfward side in Paleocene time (pl. 3) but, at the

end-of early Eocene time (pl. 4) it was open to the gulf

and appears to have been partially filled from the east

and northeast. The Suwannee strait, a closed low that

appears in southeastern Georgia on the map of the

Paleocene surface, was apparently filled with sedi-

ments during early Eocene time and thus does not

exist on the map of the early Eocene surface.

The maximum measured depth to the top of lower
Eocene rocks is about 3,900 ft below sea level in well
ALA-BAL-30 in the southern part of Baldwin County,
Ala. The maxithum contoured depth is below 4,200 ft,
in the same general area. Lower Eocene rocks are
slightly less than 800 ft below sea level on the crest of
the Peninsular arch, from which they deepen in all
directions. In the Southwest Georgia embayment and
the South Florida basin, the top of lower Eocene rocks
is below 2,600 ft.

The thickness of lower Eocene strata is shown on
plate 5, along with the distribution of the clastic and"
carbonate facies within this unit. The clastic-
carbonate boundary and much of the contouring
shown on this plate are derived from well control. In
areas of sparse control, the thickness of the early
Eocene has been estimated as the difference between
contoured altitudes of the top of the early Eocene
(plate 4) and the top of the Paleocene (plate 3). In south
Florida, lower Eocene rocks are more than 1,500 ft
thick; in parts of panhandle Florida, they are more
than 1,100 ft thick. On the crest of the Peninsular
arch, these strata are less than 300 ft thick, and they
thin to a featheredge in areas of outcrop.

OLbpsMaR FormaTion—Except for the Fishburne For-
mation that occurs locally in South Carolina, all the
lower Eocene carbonate rocks in the study area are
part of the unit that Applin and Applin (1944) named
the Oldsmar Limestone. The Oldsmar, however, con-.
tains much dolomite, and thin beds of chert and eva-
porite deposits occur in the unit from place to place.
The Oldsmar is therefore referred to as a "formation”
rather than a "limestone.”

The Oldsmar Formation consists mostly of off-white
to light-gray micritic to finely pelletal limestone thick-
ly to thinly interbedded with gray to tan to light-
brown, fine to medium crystalline, commonly vuggy
dolomite. The lower part of the formation is usually
more extensively dolomitized than the upper part.
Pore-filling gypsum and thin beds of anhydrite occur in
the lowermost parts of the Oldsmar in places, particu-
larly in a crescent-shaped band extending from Dixie
County, Fla., northeast to southern Ware County, Ga
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The location of this band, which locally comprises the
base of the Floridan aquifer system, is shown on plate
33. In scattered places, the Oldsmar contains trace
amounts of glauconite.

Applin and Applin (1944, p. 1699) defined the Olds-
mar “to include the interval that is marked at the top
by the presence of abundant specimens of Helicos-
tegina gyralis Barker and Grimsdale...and that rests
on the Cedar Keys limestone.” This definition is un-
satisfactory because (1) it is based on the microfaunal
content of the strata, not on their lithologic character-
istics, and (2) it is based on a species whose range is not
restricted to the early Eocene. The author has found
specimens of H. gyralis that show no evidence of
reworking 50 to 70 ft above the top of the Oldsmar in
rocks that are part of the overlying middle Eocene
sequence (“Lake City” Limestone). Cole and Gravell
(1952) reported this species from middle Eocene beds
in Cuba. The Oldsmar Formation is thus redefined
herein as the sequence of white to gray limestone and
interbedded tan to light-brown dolomite that lies be-
tween the pelletal, predominantly brown limestone and
brown dolomite of the middle Eocene and the gray,
coarsely crystalline dolomite of the Cedar Keys Forma-
tion. H. gyralis is commonly found as part of a charac-
teristic Oldsmar fauna that includes several other
species of larger foraminifers listed in table 1. None of
these species, however, is ubiquitous within the Olds-
mar Formation, nor should they be the criterion by
which the Oldsmar is defined. :

The Oldsmar Formation underlies all of the Florida
peninsula and the southeastern corner of Georgia (pl.
5). Westward, in the eastern part of the Florida pan-
handle, the Oldsmar becomes increasingly argillaceous
and interfingers with calcareous clastic rocks. To the
north, in south-central Georgia, the Oldsmar grades
from limestone through argillaceous limestone and
calcareous clay into glauconitic calcareous sand.

In addition to H. gyralis, the larger Foraminifera
Miscellanea nassauensis Applin and Jordan, Pseudo-
phragmina (Proporocyclina) cedarkeysensis Cole, and
Lockhartia sp. are considered characteristic of the
Oldsmar Formation.

UNDIFFERENTIATED LOWER EOCENE rocks—Lower Eo-
cene rocks in the western part of the Florida panhandle
consist of brownish- to greenish-gray, calcareous,
slightly glauconitic shale and siltstone that are occa-
sionally micaceous. Thin beds of fine-grained, slightly
glauconitic sandstone and off-white sandy glauconitic
limestone occur sporadically throughout the predomi-
nantly argillaceous section. These rocks are part of the
unit that was called the “clastic facies of Wilcox age”
by Applin and Applin (1944) and the “Wilcox
Formation” by Chen (1965). Both Chen and the Ap-
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plins included beds that are the downdip equivalents of
the Nanafalia Formation, the Tuscahoma Formation,
and the Salt Mountain Limestone in their ”Wilcox”
unit. In this report, the Nanafalia, Tuscahoma, and
Salt Mountain are considered to be of Paleocene age
and to grade downdip into undifferentiated argilla-
ceous rocks of Paleocene age. The term “undifferen-
tiated early Eocene rocks” is herein applied to the
massive, predominantly argillaceous early Eocene sec-
tion of western panhandle Florida. These strata grade
eastward into the Oldsmar Formation and become less
marine and slightly coarser grained updip in southern
Alabama and southwestern Georgia, where they take
on the character of the outcropping Hatchetighee
Formation.

Microfauna considered characteristic of undifferen-
tiated rocks of early Eocene age include the Foraminif-
era Globorotalia formosa gracilis Bolli and Rotalia
trochoidiformis  (Lamarck). @ The Foraminifera
Globorotalia subbotinae Morozova and G. wilcoxensis
(Cushman and Ponton) are also considered characteris-
tic of early Eocene rocks in the study area, even though
these species are known to range downward into rocks
of late Paleocene age elsewhere (Stainforth and others,
1975). The Ostracoda Brackhcythere jessupensis
Howe and Garrett and Haplocytheridea sabinensis
(Howe and Garrett) are also considered characteristic
of these beds.

BasHr aND HatcHETIGBEE FOrRMATIONS—The lithology
of the Hatchetigbee Formation in the area where it
crops out in western Alabama is very similar to that of
the underlying Tuscahoma. In practice, the two are
difficult to separate except where the sandy, glauconit-
ic, highly fossiliferous Bashi Formation (Gibson,
1982b) lies between them. The Bashi occurs only as
erosional remnants in eastern Alabama and western
Georgia. Downdip, the Hatchetigbee consists of in-
terbedded fine sand and gray calcareous clay. The
sand is lost in a short distance gulfward, and the
argillaceous Hatchetigbee beds merge in middip areas
with the underlying clay of the Tuscahoma.

UNNAMED MID-GEORGIA LOWER EOCENE Rocks—In the
west-central part of the Georgia coastal plain, lower
Eocene rocks consist of medium-grained, calcareous,
often dolomitic, glauconitic sandstone interbedded
with soft, light-gray, calcareous, glauconitic clay. The
sandstone ranges from unconsolidated to well indurat-
ed, depending on the amount of calcareous matrix that
binds the sand grains. Although these strata are the
probable equivalents of the combined Hatchetigbee
Formation of eastern Alabama and southwestern
Georgia, they are unnamed at present and are not
shown on the correlation chart (pl. 2) because their

" relation to the Hatchibtigbee is still inexactly known.
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These unnamed lower Eocene sand and clay beds
‘become progressively more argillaceous and calcareous
downdip to the southeast and grade into an off-white,
micritic, glauconitic, argillaceous limestone that com-

monly contains the foraminifer Pseudophragmina’

(Proporocyclina) cedarkeysensis Cole, a species that is
found in the Oldsmar Formation in Florida. This
micritic limestone, unnamed at the time of this writ-
ing, grades seaward over a short distance into a typical

Oldsmar lithology. Updip, the lower Eocene clay beds
are lost, and the sands become progressively less
marine until they grade into a predominantly fluvial
thick sand sequence that may be part of the Huber
Formation (Huddlestun, 1981).

In easternmost Georgia, lower Eocene rocks consist
mostly of calcareous, glauconitic, argillaceous sand,
cream to gray calcareous clay, and sandy, glauconitic
limestone. Locally, some of the clayey beds are dark
brown and silty and contain much fine-grained organic
material. Northeastward, in South Carolina, lower
Eocene strata consist of sandy, fossiliferous; glauconit-
ic limestone that has recently been named the Fish-
burne Formation (Gohn and others, 1983).

DEPOSITIONAL ENVIRONMENTS—Most of the lower Eo-
cene rocks in the study area were deposited in shallow
open marine to marginal marine environments. The
laminated silty sands of the Hatchetigbee Formation
were deposited in a restricted marine area, probably on
tidal flats. Periodically, slightly deeper marine waters
- covered the tidal flats, and the Bashi Formation was
deposited during such a local sh'ort-liVed transgres-
sion.

Seaward of this marglnal marine area, the undif-
ferentiated thick sequence of fine clastic rocks of early
Eocene age was deposited in quiet, shallow to moder-
ately deep, open marine waters in the area that is now
western panhandle Florida. Open marine conditions
characterized by slightly higher energy levels existed
in the central part of the Georgia coastal plain during
early Eocene time, and an interbedded sequence of
marine sand and clays was deposited there. This
sequence, unnamed at present, grades laterally to the
northeast into shallow marine sandy limestone that
represents the Fishburne Formation of South Carolina.

Both the shallow water, open marine, clastic lower .

Eocene strata of central Georgia and the deeper water,
massive clay sequence of panhandle Florida grade into

and interfinger . with the Oldsmar Formation. The

Oldsmar was deposited in warm, shallow, open marine
water and represents a carbonate bank environment.
The minor evaporites found occasionally in the lower
part of the Oldsmar represent sabkha conditions that
were short lived and not areally extensive. :
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Rocks oF MipDLE EOCENE AGE

Mlddle Eocene strata are present over almost all of
the study area and can generally be divided into a
downdip platform carbonate facies and an updip facies
that is predominantly clastic. The carbonate facies of
the middle Eocene extends much farther to the north
and west than the carbonate rocks of the underlying
early Eocene. Approximately half of the Georgia
coastal plain, much of the eastern part of the Florida
panhandle, and all of the Florida peninsula are under-
lain by middle Eocene carbonate rocks. In the remain-
der of the study area, the middle Eocene consists of
marine to marginal marine clastic rocks.

The configuration of the top of the middle Eocene
and the area where this unit crops out are shown on
plate 6. Middle Eocene rocks in Alabama and south-
western Georgia are located farther gulfward than
underlying rocks of early Eocene age. In contrast to
this offlap relation, the lower Eocene is overlapped by
middle Eocene strata in central Georgia and in South
Carolina. The top of the middle Eocene is contoured to
the point where the unit pinches out in its outcrop area
but only to the limit of well control in eastern Georgia
and South Carolina. In these areas, the middle Eocene
is mostly overlapped by younger rocks. .

The effect of several large-scale structural features
is reflected on the middle Eocene surface. Although
many of these features are recognizable on maps of the
tops of older units (pls. 3, 4), their locations and shapes
are different on the middle Eocene map (pl. 6). The
Peninsular arch is poorly defined on plate 6, and its
surface is highly irregular, probably as a result of
erosion and dissolution of the top of the middle Eocene.
The top of middle Eocene strata in this area is general-
ly higher than 200 ft below sea level. The Southeast
and Southwest Georgia embayments and the South
Florida basin are present as low areas on the middle
Eocene top, but they are not as pronounced as they are
on the maps of older units. These basins were probably
relatively quiescent and were being filled during mid-
dle Eocene time. The Gulf Coast geosyncline was
actively. subsiding during the middle Eocene, as the
steep, steady gulfward slope of the top of the unit in
western panhandle Florida shows. The configurations
of the unnamed negative area in east-central Georgia
and of the high area parallel to it in southeastern South
Carolina are similar on the middle Eocene top to those
on older units. ,

Several faults of small to intermediate throw first

" occurred during middle Eocene time (pl. 6). Unlike the

large-displacement faults in southwestern Alabama
that affect the entire column of rocks mapped for this
study, most of the faults shown on plate 6 in central
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Georgia and peninsular Florida appear to die out down-
ward within the middle Eocene. An exception is the
fault in Palm Beach County, Fla., which cuts rocks at
least as old as Paleocene (pl. 3). The series of north-
east-trending faults in south-central Georgia bounds
several small grabens and half grabens that are ¢olle¢-
tively called the Gulf Trough (Herrick:and - Vorhis,
1963). Like most of the faults in peninsular Florida,

the Gulf Trough faults appear to die ‘out-at shallow |

depths. A seismic profile was obtained ‘across one of
the major Gulf Trough faults in northeastern Colquitt
County, Ga., as part of this study. The record on this
profile is poor down to a depth of approximately 1,200
ft below land surface. Deeper than about 1,300 ft
(roughly the middle of rocks of middle Eocene age),
however, sharp reflectors can easily be traced on the
profile and do not show the graben structure that well
data prove to exist at shallower depths.

The maximum measured depth to the top.of the
middle Eocene is 3,490 ft below sea level in well
ALA-BAL-30 in southwestern Baldwin County, Ala.
The maximum contoured depth is below 3,700 ft in the
same area (pl. 6). The top of the middle Eocene slopes
in all directions from the crest of the Peninsular arch
and reaches depths of more than 1,800 ft in the South-
west Georgia embayment, more than 1,600 ft in the
South Florida basin, and more than 1,000 ft in the
Southeast Georgia embayment. Middle Eocene rocks
are slightly above sea level at scattered places on the
Peninsular arch. They are exposed at the surface in
Citrus and Levy Counties, Fla., where they represent
the oldest outcropping rocksin the state.

The thickness of middle Eocene rocks is shown on
plate 7, which also shows the limits of the unit’s clastic
and carbonate facies. The position of the interface
between these facies is approximate because it is based
on well control. The thickness trends shown on plate 7
have been extended in areas where well control is
scattered by subtracting the contoured tops of rocks of
early and middle Eocene age. From a featheredge in
outcrop areas, the middle Eocene thickens seaward to
more than 1,200 ft in the Southwest Georgia embay-
ment and to more than 1,000 ft in southeastern Geor-
gia. Along panhandle Florida's Gulf Coast, these stra-
ta are more than 900 ft thick. They thin to less than

500 ft over the crest of the Peninsular arch and thicken

southward to more than 1,600 ft in east-central penin-
sular Florida. Although the middle Eocene is between
1,000 and 1,400 ft thick in most of southern Florida,
the unit thins to less than 900 ft in part of the South
Florida basin, and shows that this basin was not
subsiding rapidly during middle Eocene time.

Avon Park FormaTioN—Applin and Applin (1944, p.
1686) applied the name Avon Park Limestone to the
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upper part of the late middle Eocene section in a well at
the Avon Park Bombing Range in the southernmost

~ part of Polk County, Fla. They referred to the Avon

Park as ”a distinct faunal unit” and described it as
“"mainly cream-colored, highly - microfossiliferous, -
chalky limestone” that locally contains some gypsum
and chert and that is commonly partially dolomitized.
Well cuttings examined during this study show that
the Avon Park is in many places composed almost
entirely of dolomite. The Avon Park is thus referred to
in this report as a “formation” rather than a
”limestone.”

The term Lake City Limestone was introduced by
Applin and Applin (1944, p. 1693) for the lower part of
rocks of middle Eocene age in a well at Lake City in
Columbia County, Fla. The Lake City was described as -
"alternating layers of dark brown and chalky
limestone”; gypsum and chert are present in some
wells. Regionally, the lower part of the middle Eocene,
like the upper part, contains much dolomite.

In the early 1940’s, there were few deep wells in
Florida, and the samples from many of these wells
were either contaminated or incomplete. Electric log-
ging was a new technique at the time, and those few
logs that were in existence were largely unreliable. A
common practice in subsurface stratigraphy was to
use paleontologic and lithologic units interchangeably.
All of these factors led to imprecise definitions for
most of the limestone units of Florida. Between some
adjacent ”"formations,” lithologic change is subtle; in
places, there is no change at all. Stratigraphic breaks
in much of the Florida section currently are based upon
a change in the benthic microfauna that the rocks
contain. Where dolomitization has obliterated the
microfauna, or where it is lacking in nondolomitized
sections, correlations are inconsistent. Although most
workers studying the Florida subsurface recognize the
problem, almost all Tertiary limestone correlations are
still made on the basis of the microfaunal assemblages
that Applin and Applin (1944) and Applin and Jordan
(1945) thought were diagnostic. This practice is, of
course, not in accordance with the rules of the current
North American Stratigraphic Code (North American
Commission on Stratigraphic Nomenclature, 1983).
Units that are in reality biostratigraphic units have
been mapped as if they were rock-stratigraphic units.
Fortunately, as Winston (1976), recognized, the paleon-
tologically defined units of Applin and Applin (1944) in
many cases coincide with lithologic units. Exceptions
to this generalization are the Avon Park and Lake City
Limestones. ‘

There are no lithologic criteria that can be used to
separate the middle Eocene carbonate rocks in Florida
and in southern Georgia. Both the so-called Avon
Park and Lake City Limestones consist primarily of
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cream, tan, or light-brown, soft to well-indurated lime-
stone that is mostly pelletal but is locally micritic. The
pellets consist of fine to coarse sand-sized particles of
micritic to fine crystalline limestone and small- to
medium-sized Foraminifera; they are bound by a mi-
critic to finely crystalline limestone matrix. The lime-
stone is thinly to thickly interbedded with cream or
light- to dark-brown, fine to medium crystalline, slight-
ly vuggy dolomite, fractured in some places, whose
texture is locally sucrosic to argillaceous. Locally,
differences exist between the general lithologic charac-
ter of the lower part of the middle Eocene and that of
its upper part. Unfortunately, two of the limited
number of wells available to the Applins (the Avon
Park Bombing Range and Lake City wells) showed
such contrasts, and it was on the basis of the limited
data then available that the Avon Park and Lake City
were named and extended regionally. More recent
drilling shows conclusively that the rock types that the
Applins thought were representative of their "Lake
City” are found in many places at the top of the middle
Eocene (in their “Avon Park” part) and the reverse is
also true. o

Paleontologic criteria by which the Avon Park and
Lake City can be differentiated are lacking. In the
original definition of both the Avon Park and the Lake
City, certain faunal zones by which these units could
be recognized were listed. The Lake City was thought
to extend from the highest occurrence of Dictyoconus
americanus (Cushman), accompanied by Fabularia
vaughani Cole and Porter, down to the highest occur-
rence of Helicostegina gyralis Barker and Grimsdale,
thought to characterize the Oldsmar. None of these
species is restricted to the horizon for which it is
supposed to be characteristic. H. gyralis commonly
occurs several hundred feet above a typical Oldsmar
. lithology. In this study, Fabularia vaughani has been
found at or just below the top of the middle Eocene—in
the "Avon Park” part. Dictyoconus americanus has
been reported by Cole (1944, 1945) and by Vernon
(1951) from the upper part of the middle Eocene. The
author has found several additional species that were
listed as diagnostic Lake City Foraminifera by Applin
and Jordan (1945) within 20 to 50 feet of the top of the
uppermost middle Eocene. These species include Dis-
corbis inornatus Cole, Fabularia gunteri Applin and
Jordan, and Gunteria floridana Cushman and Ponton.
Cole and Gravell (1952) found several supposedly diag-
nostic Lake City species in the same beds as supposed-
ly diagnostic Avon Park species in the outcropping
middle Eocene of Cuba. The Avon Park was originally
defined by Applin and Applin (1944) as extending from
the highest occurrence of Coskinolina floridana Cole
downward to the top of Dictyoconus americanus. As
Applin and Applin (1944, p. 1687), recognized, how-
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ever, that Coskinolina floridana is abundant in the
Oligocene Suwannee Limestone in many places.

The so-called Avon Park and Lake City Limestones
cannot be distinguished from each other on the basis of
either lithology or fauna, except locally. Therefore, it is
here proposed that the term ”Lake City” be abandoned
and that all of the cream to brown pelletal limestone -
and interbedded brown to cream dolomite of middle
Eocene age in peninsular Florida and southern Georgia

+ be placed in the Avon Park Formation. The term

”Avon Park” is retained because (1) it has precedence
over the term "Lake City,” (although both the Avon
Park and the Lake City were named in the same report
by Applin and Applin (1944), the Avon Park was
described on an earlier page in that paper) and (2) the
term has traditionally been applied to rocks whose
lithology is different from that of the overlying Ocala
Limestone. The Avon Park is more properly called a
”formation” rather than a “limestone” because it con-
tains appreciable amounts of rock types other than
limestone. The extended definition of the Avon Park
Formation proposed here refers to the sequence of
predominately brown limestones and dolomites of vari-
ous textures that lies between the gray, largely micrit-
ic'limestones and gray dolomites of the Oldsmar For-
mation and the white foraminiferal coquina or fossilif-
erous micrite of the Ocala Limestone.

The reference section proposed for the extended
Avon Park Formation is the interval from 221 to 1,190
ft below land surface in the Coastal Petroleum
Company’s No. 1 Ragland well in sec. 16, T. 15 S, R. 13
E, in Levy County, Fla. Cuttings from this well are on
file at the Florida Bureau of Geology, Tallahassee, Fla.,
as well W-1537 or permit number 66. The well is
numbered FLA-LV-4 in this report. A lithologic de-
scription of the cuttings from the proposed type well is
given in the Appendix of this report. The top of the
Avon Park is not known in the type well because there
is a gap in the cuttings from the basal Ocala at a depth
of 110 ft to the uppermost Avon Park sample at 221 ft.
Figure 5 shows a representative electric log pattern for
the Avon Park Formation (extended) in a nearby well
in Levy County, Humble’s No. 1 C. E. Robinson (well
FLA-LV-5 of this report).

Fauna considered characteristic of the revised Avon

. Park Formation include the Foraminifera Spirolina

coreyensis {Cole), Lituonella floridana (Cole), Discorbis
inornatus Cole, Valvulina cushmani Applin and Jor-
dan, V. martii Cushman and Bermudez, Fabularia
vaughani Cole and Ponton, Textularia coreyensis Cole,
Gunteria floridana Cushman and Ponton, Pseudor-
bitolina cubensis Cushman and Bermudez, Amphis-
tegina lopeztrigoni Palmer, and Lepidocyclina antillea
Cushman (formerly called L. gardnerae Cole). Frag-
ments of the alga Clypeina infundibuliformia Morellet
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and Morellet are also considered characteristic of the
Avon Park.

To the north and west, the Avon Park Formation
grades into an argillaceous, soft to semi-indurated,
micritic, glauconitic limestone that in turn grades
updip into calcareous, glauconitic, often shelly sand
and clay beds that are parts of the Lisbon and Tal-
lahatta Formations. The middle third of the revised
Avon Park Formation in the-eastern half of the Florida
peninsula and in much of southeastern Georgia is
micritic, low-permeability, finely pelletal limestone.
Approximately the lower half of the extended Avon
Park in west-central peninsular Florida consists of
low-permeability dark-colored gypsiferous limestone
and dolomite. Both the micritic limestone and the
gypsiferous carbonate beds comprise important sub-
regional confining units within the Floridan aquifer
system.

TaLLanaTra FormaTioN—Where the Tallahatta For-
mation crops out in western Alabama, it consists
largely of greenish-gray, porous, fine-grained siliceous
claystone (called buhrstone in older reports) and some
interbedded sands that are calcareous and fossiliferous
near the top of the unit. In eastern Alabama, the
outcropping Tallahatta is mostly poorly sorted, occa-
sionally gravelly sand interbedded with greenish-gray
clay and calcareous sand near the top. In southwest-
ern Georgia, the outcropping Tallahatta is somewhat
-more marine than it is in Alabama and consists of fine-
to coarse-grained slightly fossiliferous sand interbed-
ded with dark-brown, silty, micaceous, occasionally
glauconitic limestone. Chert is common near the base
-of the Tallahatta in updip areas in Georgia.

Downdip, in both Alabama and Georgia, the Tal-
lahatta consists largely of interbedded gray to
greenish-gray glauconitic sand and greenish-gray to
brownish-gray shale; light- to dark-brown glauconitic
fossiliferous limestone is common. Farther seaward in
Georgia, the Tallahatta grades into cream to light-gray
glauconitic, argillaceous, somewhat sandy limestone
that in turn grades into the revised Avon Park Forma-
tion. Along and just to the north of the Gulf Coast of
Alabama and western panhandle Florida, the Tallahat-
ta consists mostly of gray to greenish-gray clay and
thin to moderately thick interbeds of fine-grained,
glauconitic, calcareous sand. Neither the limestone
facies nor the calcareous clay and sand of western
" Florida and southern Alabama can be distinguished
from similar overlying strata that are considered to be
the Lisbon Formation in this study. In northeastern
Georgia, the Tallahatta is mostly gray, calcareous,
fossiliferous clay and has a thin sequence of calcareous
sand and glauconitic limestone at the base. These
strata grade northeastward into calcareous shelly sand
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and clay beds that are parts of the Congaree Forma-
tion and the Warley Hill Marl of South Carolina.

Lisson FormaTioN—In its outcrop area in south-
western Alabama, the Lisbon Formation consists of
interbedded calcareous, glauconitic sand, sandy ‘clay,
and clay, all of which are dark green to greenish gray
and fossiliferous. Carbonaceous clays commonly occur
near the middle of the Lisbon in this area. In central
Alabama, the outcropping Lisbon is mostly sand.
Farther eastward, in southeastern Alabama and south-
western Georgia, the composition and appearance of

Lisbon in outcrop are similar to those of the Lisbon in
southwestern Alabama, except that the strata are
somewhat lighter in color. Downdip, in- southern
Alabama and panhandle Florida, the Lisbon grades
into gray, greenish-gray, or light-brown calcareous,
" glauconitic clay that contains thin to thick beds of
fine-grained, calcareous, glauconitic sand and hard,
sandy, glauconitic limestone. In this area contiguous
to the Gulf Coast, the Lisbon cannot be differentiated
from the Tallahatta.

To the east, the undifferentiated Lisbon-Tallahatta
sequence grades into light-gray, glauconitic, argilla-
ceous, somewhat sandy limestone that in turn grades
into the Avon Park Formation. This light-colored,
fine-grained limestone is also found throughout Geor-
gia in a middip position between the calcareous clastic
rocks of the outcropping or updip Lisbon and the
pelletal Avon Park Formation. Like the Lisbon-
Tallahatta sequence along the Gulf Coast, this lime-
stone facies cannot be split into ”Tallahatta” and
"Lisbon” components. _

In northeastern Georgia, the Lisbon consists mostly
of light-gray argillaceous limestone and is underlain by
clastic strata that are Tallahatta equivalents. To the
northeast, the lower part of the argillaceous limestone
becomes sandy, fossiliferous, and glauconitic and
grades into the Warley Hill Marl of South Carolina.
The upper part of the argillaceous limestone grades
into the Santee Limestone of South Carolina, a slightly
coarser, soft, cream to yellow, fossiliferous limestone
that contains minor beds of glauconitic sand and clay.

Fauna considered characteristic of the undifferen-
tiated clastic Lisbon-Tallahatta sequence in the study
area include the Foraminifera Asterigerina texana
(Stadnichenco), Ceratobulimina stellata Bandy, and
Globorotalia  bullbrooki Bolli. The ostracode
Leguminocythereis petersoni Swain is also commonly
found in these clastic middle Eocene strata.

Gosporr SAND—In western Alabama, the uppermost
part of the middle Eocene sequence consists of fine- to
coarse-grained, glauconitic, fossiliferous sand and
some beds of dark-colored shale. This unit, called the
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Gosport Sand, is thought to be local because it is not
recognizable either in outcrop in central Alabama or in
downdip wells. The strata called "Gosport” in the

Savannah, Ga., area by Counts and Donsky (1963) are

included in the undifferentiated Lisbon-Tallahatta se-
quence of this report because their lithology is com-
pletely unlike that of the Gosport even though their
stratigraphiciposition is'the same.

McBeaN FormatioN—In northeast Georgia and in
South Carolina, fine-grained, loose to semiconsolidat-
ed, slightly fossiliferous sand of middle Eocene age
occurs locally.” This sand, called the McBean Forma-
tion, grades downward and seaward into calcareous
clay that in turn grades into the upper part of the
Santee Limestone. Like the Gosport, the McBean is of
only local importance in the study area.

DeposiTioNAL ENVIRONMENTS—The outcropping Tal-
lahatta and Lisbon Formations were deposited in shal-
low marine to marginal marine environments. Trans-
gression of the sea during the middle Eocene was more
extensive than it was during either Paleocene or early
Eocene time. Shallow marine Lisbon-Tallahatta rocks
extending to the shore of the present Gulf of Mexico
show that the middle Eocene sea floor sloped very
gently there and that shallow marine waters extended
over a wide area.

 The ‘Avon Park Formation, like the Oldsmar and
Cedar Keys Formations, was deposited on a shallow,
warm-water carbonate bank. Some of the evaporites
that characterize the lower parts of the revised Avon
Park Formation in west-central peninsular Florida
may have formed in a tidal flat or sabkha environment.

The Congaree, Warley Hill, and Santee beds of
South Carolina were deposited as the result of a single
continuous transgression (Pooser, 1965). The Con-
garee represents basal clastic deposits. The Warley
Hill was laid down in very shallow marine waters, and -
the Santee was deposited in a shallow shelf, open
marine environment. ‘

The Gosport Sand represents a regressive shallow
marine to marginal marine deposit that was laid down
as the middle Eocene sea withdrew. The McBean
likewise represents a regressive sand. '

Rocks oF LATE EOCENE AGE

Upper Eocene rocks underlie practically all of the
study area, except for local areas in peninsular Florida

"where they have been removed by erosion. In contrast

with older Tertiary units, strata of late Eocene age
consist of carbonate rocks throughout all of the study
area except (1) in updip outcrop locales where they
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interfinger with clastic materials or have been weath-

ered into a clayey residuum and (2) in western Alabama
and much of the Florida panhandle, where the upper
Eocene section consists mostly of fine clastic sedi-
ments. The late Eocene represents the most extensive
and widespread transgression of Tertiary seas in the
Southeastern United States.

The extent, configuration of the top, and area of
outcrop of rocks of late Eocene age are shown on plate
8. In Alabama and the southwesternmost corner of
Georgia, these rocks are found farther gulfward than
the middle Eocene strata that they overlie in offlap
relation. From Stewart County, Ga., northeast, how-
ever, upper Eocene strata overlap older beds. This
onlap relation extends into part of South Carolina.

From an altitude of more than 400 ft above sea level
in their area of outcrop in Georgia and South Carolina,
upper Eocene beds generally slope gently seaward (pl.
8). This slope is interrupted in northern peninsular
Florida by a widespread high area upon which the top
of upper Eocene rocks rises to altitudes slightly above
sea level. This high area has been called the Ocala
uplift, but it is not a true uplift. Even though this
feature appears as a high on the upper Eocene top, it is
not a structural high on the tops of older .units (com-
pare pl. 8 with pls. 3, 4, and 6). The upper Eocene may
be high on the Ocala "uplift” because of either (1)

deposition of an anomalously thick section of upper

Eocene rocks in this area, (2) differential compaction,

or (3) postdepositional erosion. The Ocala "uplift,”

regardless of its origin, is not related‘to the Peninsular
arch. The fact that the effect of the Peninsular arch is
not apparent on maps of the top of upper Eocene or
younger rock shows that the arch ceased to be an
active structure after middle Eocene time.

Some of the major structural lows in the study area,
however, continued to actively subside during late
Eocene time. Plate 8 shows a steep slope on the upper
Eocene top in westernmost panhandle Florida and
southern Alabama that reflects the influence of the
Gulf Coast geosyncline. The negative area in Gulf and
Franklin Counties in panhandle Florida is the South-
west Georgia embayment, and the low centered in
Glynn County, Ga., is the Southeast Georgia embay-
ment. The South Florida basin is also shown on plate 8
as a low area in southwestern peninsular Florida. The
poor definition of the unnamed low area in east-central
Georgia and its contiguous high in South Carolina (pl.
8) indicate that these features were not active "warps”
in the late Eocene.

There are a number of small- to medJum sized faults
shown on plate 8 that first occur in the late Eocene.
Most of these are in central and northern peninsular
Florida. Like the Gulf Trough graben system (running
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northeast across central Georgia on pl. 8), which af-
fects only middle Eocene and younger rocks, these
faults in central and northern Florida appear to be
shallow features that die out with depth. The locations
of the small faults are better known, and the topogra-
phy shown on plate 8 for the upper Eocene top is more
deatailed than that shown for deeper horizons because
upper Eocene strata provide a prolific source of ground
water and are therefore more intensively drilled than
older units.

Upper Eocene rocks crop out more extensively than
any other Tertiary unit except the Miocene. In much
of their updip outcrop area, they consist largely of
calcareous clastic rocks. In southwestern Georgia,
easternmost Alabama, and contiguous counties in
Florida, uppermost Eocene rocks consist-of soft to
well-indurated limestone that has a thin to moderately
thick (less than 10 to more than 50 ft) clayey residuum
developed on it. This residuum masks and subdues the
karst topography that drilling shows is developed on
the limestone surface there. In western peninsular
Florida, upper Eocene sediments consist mostly of
highly fossiliferous, soft limestone that shows a highly
irregular, karstic, often cavernous surface resulting
from extensive dissolution of the rock. Locally, in
parts of the Florida peninsula, upper Eocene rocks
have been completely removed by erosion, and rocks of
middle Eocene age are exposed through the late Eo-
cene surface (pl. 8).

‘The maximum measured depth to the top of the
upper Eocene is about 3,380 ft below sea level in well
ALA-BAL-30 in southern Baldwin County, Ala. The
maximum contoured depth is about 4,000 ft, just to
the southwest of this well. The top of rocks of late
Eocene age is more than 1,000 ft below sea level in the
Southwest Georgia embayment, more than 700 ft in
the ‘Southeast Georgia embayment, and more than
1,200 ft in the South Florida basin. In north-central
Florida, the upper Eocene top is-at or slightly above
mean sea level over a wide area and slopes seaward in
all directions from this high. Locally, the upper Eocene
top has been vertically displaced as much as 300 ft
across some of the small faults that cut the unit.

The thickness of upper Eocene strata is shown on
plate 9. In contrast with older Tertiary units, upper
Eocene beds are comprised of carbonate rocks almost
everywhere; Most of the contouring on plate 9 is based
on well-point data.” In areas of sparse well control, the
thickness of rocks of late Eocene age has been estimat-
ed by subtracting contoured structural surfaces of the
middle and upper Eocene (pls. 6, 8). The upper Eocene
is generally 200 to 400 ft thick, with two major excep-
tions. In the Southwest Georgia embayment, these
rocks are more than 800 ft thick, and in the central
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part of peninsular Florida, they are less than 100 ft
thick in an area that trends east-west across the penin-
sula. There is much local variation in the thickness of
the upper Eocene because of the effects of erosion and
(or) dissolution of these rocks, especially in and near
the places where they crop out.

OcarLa LimestoNe—Dall and Harris (1892) applied
the name Ocala Limestone to the limestone exposed in
quarries near Ocala in Marion County, Fla. These
rocks were incorrectly correlated with strata in Alaba-
ma that were thought then to be Eocene but that are
now known to be of Oligocene age. Cooke (1915) was
the first to assign the Ocala to its correct upper Eocene
stratigraphic position. Applin and Applin (1944) divid-
ed the Ocala into upper and lower members. This
twofold division of the formation is still used by the
U.S. Geological Survey at the time of this writing
(1984). However, the Florida Bureau of Geology con-
siders the Ocala to be a group consisting of, in ascend-
ing order, the Inglis, Williston, and Crystal River
Formations, as Puri (1953b) proposed.

Puri’s three formations cannot be recognized litho-
logically even at their type sections and cannot be
differentiated in the subsurface. This author does not
consider the Inglis, Williston, and Crystal River For-
mations to be either readily recognizable nor mappa-
ble, and the terms are not used in this report.- As
Applin and Applin (1944) recognized, the Ocala con-
sists in many places of two different rock types. The
upper part of the Ocala is a white, generally soft,
somewhat friable, porous coquina composed of large
Foraminifera, bryozoan fragments, and whole to brok-
en echinoid remains, all loosely bound by a matrix of
micritic limestone. This coquina is the typical Ocala of
the literature and comprises much of the formation.
The lower part of the Ocala consists of cream to white,

generally fine grained, soft to semi-indurated, micritic -
limestone containing abundant miliolid remains and

scattered large foraminifers. Locally, in southern
Georgia, the lower part of the Qcala is slightly glauco-
nitic. This lower fine-grained facies of the Ocala is not
everywhere present and may locally be dolomitized
wholly or in part. In southern Florida, the entire Ocala
is composed of micritic to finely pelletal limestone in
places. Because the twofold division of the Ocala is not
everywhere recognizable and because the lower micrit-
ic unit is thin where it occurs, the two members are not
differentiated in this report. '

The Ocala Limestone is found throughout Florida
(except where it has been locally removed by erosion)
and underlies much of southeastern Alabama and the
Georgia coastal plain. The Ocala is one of the most
permeable rock units in the Floridan aquifer system.
The surface of the formation is locally very irregular as
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a result of the dissolution of the limestone and the
development of karst topography. Locally, the upper
few feet of the Ocala in the subsurface consist of white,
soft, clayey residuum. Where the formation is exposed
at the surface, such residuum may also be present (as
in southwestern Georgia), but the clayey material is:
ocher to red there owing to the oxidation of the small
amounts of iron that it contains.

Fauna considered characteristic of the Ocala Lime-
stone include the Foraminifera Amphistegina pinaren-
sis cosdeni Applin and Jordan, Lepidocyclina ocalana
Cushman, L. ocalana floridana Cushman, Eponides
Jjacksonensis (Cushman and Applin), Gyroidina crys-
talriverensis Puri, and Operculina mariannensis
Vaughn. Although the foraminiferal genus Asterocy-
clina is not restricted to the late Eocene, it usually is
not found above the top of the Ocala in the study area.
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