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HYDROGEOLOGY OF SOUTHERN FLORIDA 
 

Southern Florida is underlain by rocks of Cenozoic age to a 
depth of about 5,000 ft. These rocks are principally carbonates 
(limestone and dolostone), with minor amounts of evaporites 
(gypsum and anhydrite) in the lower part and elastics (sand and 
clay) in the upper part. The movement of ground water from 
inland areas to the ocean and vice versa occurs principally 
through the carbonate rocks. 
 
 

FLORIDAN AQUIFER SYSTEM 
 

Evaporite deposits in the Cedar Keys Formation of 
Paleocene age probably constitute the lower confining unit, or 
base of the active flow system (fig. 3). Overlying the 
evaporites, in ascending order, are limestone and dolostones of 
the Cedar Keys, Oldsmar, and Avon Park 

Formations and the Ocala and Suwannee Limestones that make 
up the Floridan aquifer system, part of which was once called 
the Floridan aquifer (Parker and others, 1955) and all of which 
was once called the Tertiary limestone aquifer system 
(Johnston and others, 1980). In southwest Florida, the lower 
part of the Tampa Limestone is also included in the Floridan 
aquifer system. 

The Floridan aquifer system is defined in chapter B of this 
Professional Paper (Miller, 1986) as a vertically continuous 
sequence of permeable carbonate rocks of Tertiary age that are 
hydraulically connected in varying degrees, and whose 
permeability is generally several orders of magnitude greater 
than that of the rocks that bound the system above and below. 
In Florida, the Floridan aquifer system includes rocks ranging 
from Paleocene to early Miocene age, and locally in southeast 
Georgia, it includes rocks of Late Cretaceous age. Chapter B 
presents a detailed geologic description of the Floridan aquifer 
system, its component aquifers and confining units, and their 
relation to stratigraphic units. Previous definitions of the term 
“Floridan” and superseded terms are also discussed in chapter 
B (Miller, 1986). 

Overlying the Floridan are alternating beds of sand, clay, 
marl, and limestone in the Tampa Limestone and Hawthorn 
Formation (both of Miocene age) that contain intermediate 
artesian aquifers and make up the upper confining unit for the 
Floridan aquifer system. In southeastern Florida, clay in the 
Tamiami Formation of Pliocene age is included in the upper 
confining unit. Overlying these deposits are limestones and 
sands of the Tamiami Formation and of undifferentiated 
Pleistocene deposits that make up the surficial aquifer and 
contain unconfined ground water. 

Ground water in the Floridan aquifer system in southern 
Florida is generally too saline for most uses. The Lower 
Floridan aquifer contains ground water that is similar in 
composition to seawater and is chiefly used as a receptacle for 
injected liquid wastes; the Upper Floridan aquifer contains 
brackish water and is chiefly used as a source of limited 
industrial and agricultural supply and for feedwater to desalting 
plants. Pilot studies indicate that the upper part of the Floridan 
aquifer system in southern Florida can be used for seasonal 
storage of surplus freshwater (Merritt and others, 1983). Lime-
stone aquifers in Miocene deposits, as parts of the upper 
confining unit, are important local sources of ground water for 
supply in parts of southwestern Florida. However, the surficial 
aquifer generally is the major source of potable water in 
southern Florida. In southeastern Florida, the surficial aquifer is 
called the Biscayne aquifer (Parker and others, 1955; Schroeder 
and others, 1958), and in southwestern Florida, it is called the 
“shallow aquifer” (McCoy, 1962). The hydrogeology of 
southern 
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FIGURE  3. –Generalized hydrogeologic section A-A’ through southern Florida showing isotherms and top of saltwater in the Floridan aquifer system. 
(line of section shown in fig 2. ) 

 
 

Florida, as described here, is based largely on data 
collected from an exploratory test well (Alligator Alley 
test well; fig. 2, site 10) that was drilled near the center 
of the Everglades and from test wells that were drilled 
in Collier County by the South Florida Water 
Management District. 

In southeastern Florida, the Floridan aquifer system 
includes (from shallowest to deepest) all or part of the 
Suwannee Limestone of Oligocene age, the Ocala 
Limestone of late Eocene age, the Avon Park 
Formation of middle Eocene age, the Oldsmar 
Formation of early Eocene age, and the upper part of 
the Cedar Keys Formation of Paleocene age (fig. 3). In 
southwestern  

Florida, it locally includes the lower part of the Tampa 
Limestone of early Miocene age. 

Some investigators place the top of the Floridan aquifer 
system in the lower part of the Hawthorn Formation of 
middle Miocene age wherever it contains permeable 
limestone hydraulically connected to deeper layers (Parker 
and others, 1955; Stringfield, 1966). Using regional criteria 
based largely on lithologic changes in the rocks, Miller 
(1986) placed the top of the Floridan aquifer system at or 
near the top of the Suwannee Limestone in southwestern 
Florida and at or near the base of the Suwannee Limestone 
in southeastern Florida. The top of the Floridan aquifer 
system, as used 
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in this report, ranges from about 500 to 1,000 ft in depth. The 
base of the Floridan aquifer system (the lowest confining unit) 
generally coincides with the top of evaporite beds in the Cedar 
Keys Formation (Miller, 1986), and it ranges from about 3,500 
to 4,100 ft in depth. 

The rocks that make up the Floridan aquifer system vary 
greatly in permeability so that the system resembles a “layer 
cake” composed of many alternating zones of low and high 
permeability. Crossflow (vertical flow) between permeable 
zones probably occurs through sinkholes and fractures. 
However, the amount of crossflow is probably small compared 
with the amount of horizontal flow. The zones of highest 
permeability generally are at or near unconformities and are 
generally parallel to bedding planes. 

The temperature of ground water in the Floridan aquifer 
system in areas near the southeastern coast generally decreases 
with increasing depth; however, anomalies frequently occur, 
probably owing to local upwelling through fractures and 
sinkholes (a phenomenon that is discussed later in the report). 
Ground-water temperatures are generally coolest along the 
southeast coast, where the temperature of seawater in the 
adjacent Straits of Florida is the lowest. Ground-water salinity 
is generally highest in coastal parts of southern Florida and in 
the lower part of the aquifer system owing to inland circulation 
of seawater. 

In southern Florida, the Floridan aquifer system can 
generally be divided—largely on the basis of the geology, 
hydrochemistry, and hydraulics interpreted from data obtained 
at the Alligator Alley test well (fig. 2, site 10)—into three 
hydrogeologic units, as follows: 

1. The Upper Floridan aquifer, which contains brackish 
ground water. The specific conductance of the ground water 
ranges from about 2,500 to 25,000 microsiemens per 
centimeter (µS/cm) at 78 °F (25 °C) and averages about 5,000 
µS/cm. 

2. The middle confining unit, which contains salty ground 
water. The specific conductance of the ground water ranges 
from about 35,000 to 37,000 µS/cm and averages about 36,000 
µS/cm. 

3. The Lower Floridan aquifer, which contains ground 
water that is similar in composition to seawater. The specific 
conductance of the ground water ranges from about 43,000 to 
50,000 µS/cm and averages 49,000 µS/cm. 
 

UPPER FLORIDAN AQUIFER 
 

The Upper Floridan aquifer in southern Florida chiefly 
consists of permeable zones in the Tampa, Suwannee, and 
Ocala Limestones and in the upper part of the Avon Park 
Formation. On the basis of aquifer tests and a regional flow 
model, the transmissivity is estimated to range from 10,000 to 

60,000 feet squared per day (ft2/d) (Bush and Johnston, in 
press). The contained ground water is brackish. The salinity of 
the ground water generally increases with increasing depth and 
with distance downgradient and southward from central 
Florida. Ground-water temperatures also generally increase 
downgradient and southward from the recharge area in central 
Florida. However, temperatures along the southeastern coast 
are lowest (about 70.0 °F) owing to heat transfer to the Atlantic 
Ocean (Straits of Florida) (Sproul, 1977, p. 75) and (or) to heat 
transfer to cooler saltwater in the Lower Floridan aquifer 
(Kohout, 1965). Temperature and salinity anomalies that are 
related to upwelling ground water from the Lower Floridan 
aquifer are discussed later in this report. 

Water movement is chiefly lateral through highly permeable 
zones of dissolution at or near the top of each formation. 
Ground-water movement in May 1980 was generally 
southward from the area of highest head near Polk City in 
central Florida to the Gulf of Mexico and to the Atlantic Ocean 
(fig. 4). The area of highest freshwater head is herein referred 
to as the “Polk City high.” Prior to development (late 1800’s or 
early 1900’s), the head in south Florida probably was 5 to 10 ft 
higher than at present. As water use increased and wells were 
drilled in the area north of Lake Okeechobee, water levels were 
lowered and a saddle formed in the potentiometric surface, as 
shown by the close spacing of the 40- to 70-ft contours toward 
the center of the peninsula. Hydraulic gradients in southern 
Florida were reduced, resulting in a decrease of natural 
discharge by submarine springs along the southeastern coast 
and the movement of seawater inland to a new position of 
equilibrium. 

The concave shape of the contours on the 1980 poten-
tiometric surface map along the southeastern coast indicates 
convergence of flow toward the submerged karst on the Miami 
Terrace between Fort Lauderdale and Miami. Ground-water 
discharge in this area is also suggested by computer flow 
modeling as described by Bush and Johnston (in press). The 
rugged topography of the submarine terrace was formed by the 
collapse of solution features (sinkholes) in the underlying 
limestone. A seismic reflection profile (fig. 5) across the 
Miami Terrace shows the pinnacles and troughs associated 
with the submerged karst and the northward-prograding 
sediments of Miocene through Pleistocene age unconformably 
overlying the Suwannee Limestone. Currents and perhaps 
upwelling freshwater from submarine springs are probably 
responsible for the lack of sediment on the terrace and terrace 
slope. Malloy and Hurley (1970) reported that rock samples 
from dredge hauls on the Miami Terrace by the University of 
Miami’s Institute of Marine Science (now the Rosenstiel 
School of Marine and Atmospheric Sciences) indicated that the 
ocean floor is 
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FIGURE 4. — Potentiometric surface of pennsular Florida in May 1980 and the area of potable ground water, Upper Floridan aquifer 
(revised from Johnston and others, 1981 and Healy, 1982). 
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FIGURE 5. — Seismic reflection profile B-B’ in the western Straits of Florida showing submarine karst on the Miami Terrace. (Line of section 
shown in fig 2.) 

 
 

 
age. Their presence, however, is often indicated by 
drilling and by local salinity or temperature anomalies. 

composed of fossiliferous phosphatic limestone that 
contains numerous foraminifers, chiefly Miogypsina 
sp., Giobigerina sp., miliolids, and rotalids. Rock 
samples from equivalent depths in artesian wells at 
Miami and Fort Lauderdale contain the same fossil 
assemblages and are identified as the Suwannee 
Limestone of Oligocene age. 

 
MIDDLE CONFINING UNIT 

 

 
Sinkholes on the Miami Terrace are both filled and 

unfilled. Those that are unfilled probably are active 
submarine springs. The large filled sinkhole in the 
center of the seismic profile (fig. 5) is about 2 mi 
wide and may be related to the collapse in the highly 
cavernous dolostone (the Boulder Zone) in the lower 
part of the Oldsmar Formation. The Boulder Zone is 
discussed by Miller (1986, p. B65—B66). Sinkholes 
generally are present throughout Florida and are 
prominent in central Florida as chains of sinkhole 
lakes. The sinkholes are chiefly in Tertiary limestones 
along joints or fractures that trend generally 
northwestward to southeastward (and to a lesser 
extent southwestward to northeastward). Sinkholes in 
southern Florida are virtually obscured because they 
are filled by deposits that are Miocene or younger in 

The middle confining unit of the Floridan aquifer 
system consists chiefly of the lower part of the Avon 
Park Formation but locally includes the upper part of 
the Oldsmar Formation. The unit has relatively low 
permeability, and it generally separates the Upper 
Floridan aquifer, containing brackish ground water, 
from the Lower Floridan aquifer, containing ground 
water that compares closely to seawater. Hydraulic 
connection between the upper and lower aquifer is 
inferred from sinkholes and fractures that transect the 
middle confining unit. Ground-water movement in 
southern Florida is estimated to be chiefly upward from 
the Lower Floridan aquifer through the middle 
confining unit, then horizontally toward the ocean 
through the Upper Floridan aquifer. Salinity varies 
greatly at the top of the middle confining unit as the 
upward-moving saltwater is blended with the seaward-
flowing freshwater in the Upper Floridan aquifer. As 
previously stated, temperature and 
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salinity anomalies in the Upper Floridan aquifer are 
evidence of upwelling saltwater from the lower part of the 
aquifer system. 
 

LOWER FLORIDAN AQUIFER 
 

The Lower Floridan aquifer consists chiefly of the 
Oldsmar Formation and, to a lesser degree, the upper part of 
the Cedar Keys Formation. Ground water in the Lower 
Floridan aquifer compares chemically to modern seawater. 
In the Lower Floridan aquifer are three permeable 
dolostones of the Oldsmar Formation that are separated by 
less permeable limestones. The transmissivity of the lower 
dolostone (locally called the Boulder Zone; Miller, 1986, p. 
B65-.-B66) ranges from about 3.2x 106 ft2/d (Meyer, 1974) 
to 24.6x 106 ft2/d (Singh and others, 1983), whereas that for 
the overlying dolostones is probably an order of magnitude 
less. In southeastern 

 
 

 
FIGURE 4. — Fluid temperature and hydrogeologic units in well  
G-2334 at site 9, Fort Lauderdale (see fig 2.) 
 
 

Florida, hydraulic connection between the lower and 
intermediate dolostones is inferred from pumping tests and 
from the presence of sinkholes and fractures; however, 
hydraulic connection between the intermediate and upper 
dolostones apparently is poor, and locally the upper 
dolostone may be more closely related to the middle 
confining unit than to the Lower Floridan aquifer. In 
southwestern Florida, drilling data suggest that the 
dolostones are hydraulically connected, although head 
data and aquifer tests to confirm this interpretation are 
lacking. 

A pronounced temperature anomaly is present in the 
Lower Floridan aquifer, with the lowest measured tem-
perature (50.5 °F) in a deep disposal well (G-.2334) at Fort 
Lauderdale (fig. 6). Temperatures increase generally from 
the Straits of Florida inland toward the center of the 
Floridan Plateau (table 1, fig. 7), and, as previously 
mentioned, Kohout (1965) hypothesized circulation of 
cold seawater inland from the Straits of Florida through 
the lower part of the Floridan aquifer system driven by 
geothermal heat flow (fig. 1). 

Attempts to calculate hydraulic gradients in the Lower 
Floridan aquifer to verify the direction of ground-water 
movement have, thus far, been unsuccessful owing to a 
lack of reliable head data and to transitory effects of tides 
(ocean, Earth, and atmospheric). However, recent mea-
surements of head and carbon-14 activity, which are 
discussed in subsequent sections, in the waters of the 
Boulder Zone at site 9 (fig. 2) in well G—2334 and at site 
10 (fig. 2) in well G—2296 substantiate the Kohout 
hypothesis. 

 
 

HYDROGEOLOGY AT THE ALLIGATOR ALLEY 
TEST WELL SITE 

 
A 2,811-ft-deep test well (Well G—2296) was drilled 

in 1980 during this RASA study in the Everglades of 
southern Florida along Alligator Alley (Interstate 75) at a 
point between Naples and Fort Lauderdale (fig. 2, site 10). 
A steel casing 16-inches (in) in diameter was installed 
with cement grout from land surface to a depth of 895 ft, 
below which a nominal 8-in-diameter hole was drilled to a 
depth of 2,811 ft (fig. 8). A 2-in-diameter steel monitor 
tube with perforations from 811 to 816 ft was grouted with 
cement in the outer annulus. Hydraulic packers were used 
to isolate selected zones in the well to collect samples of 
ground water and measure water levels. 

The well penetrated the surficial and intermediate 
aquifer systems and extended into the Floridan aquifer 
system (fig. 9). The surficial aquifer system is about 180 ft 
thick and is composed chiefly of sandy limestone of the 
Tamiami Formation of Pliocene age. Three artesian 
limestone aquifers and related confining beds are present 
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in the intermediate aquifer system between 180 and 770 ft in 
Miocene deposits. The top of the Floridan aquifer system is at 
770 ft. The Floridan is confined by the overlying Miocene 
deposits. About 67 percent of the total thickness of the 
Floridan aquifer system was penetrated by the well. The 
formations that make up the Floridan aquifer system (from 
shallowest to deepest) at the well site include the Suwannee 
and Ocala Limestones and the Avon Park and Oldsmar 
Formations. The Floridan aquifer system is composed of 
several water-bearing zones and associated confining units. 
The well did not penetrate the Cedar Keys Formation, which 
contains the lower confining unit of the aquifer system. 
 

SURFICIAL AQUIFER SYSTEM 
 

The surficial aquifer system is about 180 ft thick; the upper 
60 ft is composed of unconsolidated shelly, quartz sand of 
Pleistocene age, and the lower 120 ft is composed of sandy, 
shelly limestone of the Tamiami Formation of Pliocene age. 
Phosphate containing uranium, which emits high rates of 
natural gamma rays, marks the top and bottom of the Tamiami 
Formation (fig. 8). The sand is chiefly fine grained and yields 
only small quantities of water with high organic content to 
wells. The sand partially confines ground water in the 
underlying limestone. The limestone in the Tamiami 
Formation is relatively permeable (fig. 9, water-bearing zone 
1) and is capable of yielding large quantities of potable 
freshwater. In 1982, a sample of ground water from a zone 
between 50 and 150 ft in depth in a shallow test well (G-2329) 
near the Alligator Alley test well had a chloride concentration 
of 120 milligrams per liter (mg/L) and a specific conductance 
of about 1,000 µS/cm (J.E. Fish, U.S. Geological Survey, oral 
commun., 1983). 
 

INTERMEDIATE AQUIFER SYSTEM 
 

The intermediate aquifer system is about 590 ft thick and is 
composed of three confined limestones (fig. 9, water-bearing 
zones 1 through 3) of Miocene age. Water-bearing zone 1, the 
upper intermediate aquifer, ranges in depth from about 220 to 
360 ft and is composed of thinly bedded, gray, shelly 
limestone and interbedded sand and clay in the upper part of 
the Hawthorn Formation of middle Miocene age. The 
hydraulic and water-quality characteristics were not 
determined from the test well, but the rock type suggests that 
small quantities of brackish water (less than 1,000 gallons per 
minute; gal/mm) can be obtained by wells that tap the entire 
thickness. Water-quality data are not locally available, but 
potable water is known to be present in equivalent rocks in 
parts of Charlotte and Lee Counties on the Gulf Coast, west of 
Lake Okeechobee. Zone 1 is confined above by a thick and 
extensive bed of silty, green clay of 

 
 
 
late Miocene age and below by a thick and extensive bed of 
green, micaceous clay of middle Miocene age. 

Water-bearing zone 2 ranges in depth from about 460 to 530 ft 
at the test well site and is composed chiefly of sandy, shelly 
limestone in the lower part of the Hawthorn Formation of middle 
Miocene age. The hydraulic and water-quality characteristics of 
zone 2 were not determined from the test well, but the rock type 
is comparable to an aquifer in north-central Collier County 
(McCoy, 1962, p. 18) that in 1959 produced artesian water 
having a chloride concentration of 985 mg/L and a
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FIGURE 7. — Temperature of salt water in the boulder zone of the Lower Floridan Aquifer, south Floridan plateau 
 

 
head about 31 ft above sea level. Zone 2 is confined 
above by the previously described clay and below by a 
relatively thin (about 10- to 20-ft-thick) bed of calcareous 
clay. The lower confining bed probably is not areally 
extensive and offers only local confinement. 

Water-bearing zone 3 ranges in depth from about 540 
to 600 ft and is composed of slightly sandy, shelly 
limestone of the Tampa Limestone of early Miocene age. 
The hydraulic and water-quality characteristics of zone 3 
were not determined from the test well, but the rock type 
suggests that they are similar to those of the overlying 
aquifer (zone 2). Zone 3 is confined above by a thin, 
calcareous clay at the base of zone 2 and below by 
calcareous clay of early Miocene age. The lower bed of 
clay is the principal confining unit above the Floridan 

 

 
aquifer system and is characterized on the natural gamma-
ray log by high rates of gamma-ray emissions from 
uraniferous phosphate. 
 

FLORIDAN AQUIFER SYSTEM 
 
The Alligator Alley test well penetrated about 67 

percent of the estimated thickness of the Floridan aquifer 
system in southern Florida. The top of the Floridan aquifer 
system in this test well is considered to coincide with the 
top of the Suwannee Limestone of Oligocene age at 770 ft 
(fig. 9), on the basis of hydraulic head and water chemistry 
data. Miller (1986), in describing the regional 
hydrogeologic framework of the Floridan, placed the top 
of the Floridan at about 950 ft at this test well on the 
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FIGURE 9. — Hydrostratigraphy, distribution of flow, and selected geophysical logs for the Alligator Alley test well (well G-2296 at site 10 fig. 2.) 
 
 

basis of apparent porosity changes within the Suwannee 
Limestone. This discrepancy of placing the top of the 
Floridan aquifer system at two different depths at this 
test well site is due to the difference in the criteria 
defined for the regional framework and for the area 
studies; more refinements are needed for area studies 
than for a regional study. The test well was terminated at 
2,811 ft in the Oldsmar Formation of early Eocene age. 
According to Miller (1986), the base of the Floridan 
aquifer system (or top of the lower confining unit) is at 
about 3,800 ft in depth in the Cedar Keys Formation of 

Paleocene age (fig. 3). The formations that compose the 
system in the test well are (from shallowest to deepest) the 
Suwannee Limestone of late Oligocene age and the Ocala 
Limestone, Avon Park Formation, and Oldsmar Formation 
of Eocene age. 

Discrete water-bearing zones in the Floridan aquifer 
system are recognized in the test well by changes in 
permeability, pressure, water quality, and temperature. 
The zones are chiefly related to dissolution of the lime-
stone, and they are generally located at or near uncon-
formities. Permeability contrasts within the aquifer sys 
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tem suggest that locally, and perhaps regionally, some of the 
major water-bearing zones act as distinct aquifers (fig. 9, 
zones 3 and 13). 

Although the 16-in casing penetrated most of the 
Suwannee Limestone, a 2-in monitor tube with perforations 
from 811 to 816 ft provided data from the part of the aquifer 
that was cased off.  The test well flows at about 1,000 
gal/min from the interval between 895 and 2,811ft and 
produces a blend of saline water (25,500 µS/cm) that 
compares to a 50-percent mixture of freshwater with 
seawater. Most of the water is produced from two major 
water-bearing zones. A reverse geothermal gradient is 
indicated, and the coolest water temperature (76.1 °F) is at 
the bottom of the well (fig. 9). 

Fluid resistance and temperature logs show the cumu-
lative effects of inflow from the water-bearing zones in the 
borehole (fig. 9). Superimposed on the fluid resistance logs 
is a scale showing the approximate conductance. The fluid 
resistance and temperature logs of July 16, 1983, were 
obtained after the well had flowed sufficiently for the water 
chemistry to stabilize. Both logs indicate several water-
bearing zones, but, as previously mentioned, two are the 
most significant—a zone at about 1,030 ft which contributes 
a significant amount of warm (79.2 °F) brackish water and a 
zone at about 2,560 ft which contributes cooler (77.1 °F) 
saltwater whose specific conductance is comparable to that 
of modern seawater. According to the fluid resistance log, 
the cumulative conductance of all water-bearing zones was 
about 26,000 µS/cm, which is similar to the average specific 
conductance of 14 samples. 

All temperature logs that were collected during the 
drilling and testing showed a reverse geothermal gradient 
that is related to the cooler saltwater in an underlying water-
bearing zone called the Boulder Zone. The coldest 
temperature is at the bottom of the well, and the flow 
becomes progressively warmer uphole by contributions of 
warm water from shallower water-bearing zones. The 
cumulative effect of inflowing ground water uphole 
produces a blend that has a temperature of about 78.8 °F. 

The temperature and fluid resistance logs (fig. 9) show 
that between 2,560 and 2,811 ft the temperature decreased 
from about 78.3 °F to 76.7 °F and that, concomitantly, there 
was an increase in resistivity. The temperature decrease is 
probably related to a very slight upward flow of cool 
saltwater from the lowermost water-bearing zone (the 
Boulder Zone) that probably occurs at about 2,900 ft 
(Meyer, 1974, 1984) or to heat loss to the cooler underlying 
zone. 

Water-bearing zones of the Floridan aquifer system in the 
test well were identified primarily from flowmeter, fluid 
resistance, and fluid temperature logs. The percentage of the 
total flow (the discharge measured at land 

 
 

surface) was calculated at about 50-ft intervals from point 
velocities on the flowmeter log and from the hole diameter 
as derived from the caliper log. The flowmeter-caliper 
calculations were supplemented by calculations based on the 
contributions (blending) of inflowing water from the water-
bearing zones. The fluid resistance log of July 16, 1983 (fig. 
9) and miscellaneous specific conductance measurements of 
water samples obtained during the packer tests and by a 
thief sampler were used to identify and evaluate the quantity 
and quality of water from each zone. Acoustic televiewer 
photos and borehole television surveys were also used to 
identify the sources. The water-bearing zones in the 
Floridan aquifer system as indicated in the borehole are 
numerous, but 14 were identified and evaluated (table 2). 

Zones 3 and 13 contributed 66 percent of the total 
borehole flow. Zone 3 was the principal contributor (34 
percent) of brackish ground water (specific conductance of 
about 3,300 µS/cm) from the Upper Floridan aquifer, and 
zone 13 was the principal contributor (32 percent) of salty 
ground water (specific conductance of 50,000 µS/cm) from 
the Lower Floridan aquifer. The remaining 34 percent of the 
total flow was contributed by many less permeable zones 
within the remaining 12 zones. Zones 2 through 9, the 
interval from 920 to 1,645 ft, collectively contributed about 
50 percent of the flow, with composite specific conductance 
at about 5,000 µS/cm. Zones 10 through 14, the interval 
from 1,645 to 2,811 ft, collectively contributed the other 50 
percent of the flow, with composite specific conductance of 
45,500 µS/cm. Zones that contributed little or no water to 
the well (that is, those that contributed 1 percent or less) 
probably constitute the confining units within the individual 
aquifer systems. Zones 1 through 9, which collectively 
contributed about 50 percent of the flow, are identified as 
the Upper Floridan aquifer. Zones 10 and 11, which contrib-
uted about 13 percent of the flow, are identified as the 
middle confining unit of the Floridan aquifer system. Zones 
12 through 14, which contributed about 37 percent of the 
total flow, are identified as the Lower Floridan aquifer. 

Pressure gradients for 11 water-level measurements 
(table 3) were calculated from estimated densities and 
depths. Measurements that have similar densities and 
pressure gradients (for example, measurements 4, 6, 8, and 
10, table 3) are generally representative of a common 
pressure (flow) system, and measurements that have 
dissimilar densities and pressure gradients (for example, 
measurements 3 and 10) are generally from different 
pressure (flow) systems. The fact that static conditions were 
reached only for measurements 3, 10, and 11 raises some 
doubt about the calculations of total static pressure for the 
other measurements. 
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TABLE 2. —Estimated distribution of flow and fluid conductance for 

the Floridan aquifer system at the Alligator Alley test well 
[Conductance in µS/cm (micro siemens per centimeter). Well located 

at site 10, fig. 2] 

 
 

 
For comparison, the pressure versus depth data for each 

measurement is shown in figure 10, a pressure-depth diagram. 
The plotted data suggest two distinct relations, as indicated by 
lines of brackish water gradient (GBW), represented by water at 
the depth of measurement 10, and saltwater-like gradient 
(GSW), represented by water at the depth of measurement 3. 
The lines through the points represent the respective pressure 

 
 
 
 

 

TABLE 3. —Measurements of head and pressure in the Floridan 
aquifer system at the Alligator Alley test well 

[Pressure gradient in pounds per square inch per foot; pressure at depth in 
pounds per square inch. Well located at site 10, fig. 2] 

 

 
 
 
gradients for each measurement. The points for measurements 
1, 2, 4 through 9, and 11 in the upper (brackish) part of the 
Floridan aquifer system (water-bearing zones 1 through 9) 
generally fall near or on the line (GBW) represented by water at 
the depth of measurement 10, thereby suggesting that they are 
part of the same flow system (although minor variations in 
respective pressures and pressure gradients suggest the 
presence of local confining units). Pressures at selected depths 
within the body of brackish ground water in the upper part of 
the aquifer system may be approximated by the following 
equation: 
 

P= GBW (D + 43.4)                               (1) 
 
where 
 
 P = pressure, in pounds per square inch; 
GBW = pressure gradient of brackish water (0.43253 pound 

per square inch (lb/in2) per foot of depth), represented 
by the water at depth of measurement 10 (1,030 to 
1,154 ft at the Alligator Alley test well site); 

D depth below land surface, in feet; and 
 43.4 = head above land surface of the water at depth of 

measurement 10 (58.8 ft—15.4 ft = 43.4 ft). 
Measurement 3, which represents the deeper seawater-like 

zones below a depth of 2,463 ft, plots slightly above the 
downward extension of the line (GBW) that represents the 
pressure-depth relation for the upper part of 
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the system. Pressures in the deep, saltwater part of the 
Floridan aquifer system may be approximated by the 
following equation: 
                                  PGSW(D-8.4)                                (2) 

where 
GSW = pressure gradient of saltwater (0.44426 lb/in2 per 

foot of depth); 
8.4=  head below land surface of the water at depth of 

measurement 3 (15.4 ft—7 ft = 8.4 ft); and 
D = depth below land surface, in feet. 

 
The upward extension of the line GSW representing the 

pressure-head relation for the saltwater part, intersects 
that for the brackish water part at 1,918.5 ft, the point of 
equal pressure. Two interpretations of the data are 
possible: (1) the saltwater and brackish water systems are 
unrelated and function independently because of 
intervening confining units; and (2) the two systems are 
interconnected and related by buoyancy, and the point of 
intersection (1,918.5 ft) is the approximate brackish 
water-saltwater contact, or interface. 

The conductance or resistance of water that entered the 
borehole from all water-bearing zones (fig. 9, table 2) 
while the well was flowing suggests that the base of the 
brackish water part of the system is in zone 9, which 
ranges in depth from 1,430 to 1,645 ft, and that the top of 
the saltwater part is in zone 12, which ranges in depth 
from 2,200 to 2,457 ft. Between the upper brackish water 
zones and the lower saltwater zones are zones 10 and 11, 
which contain mixtures of both—much the same as the 
zone of diffusion in unconfined coastal aquifers such as 
the Biscayne aquifer (Cooper and others, 1964, fig. 8). 

According to the fluid resistance log of July 16, 1983, 
while the well was flowing (fig. 9) there was no obvious 
indication that the saltwater-brackish water contact 
occurred at 1,918.5 ft, as projected by buoyancy relations 
in figure 10. The fluid resistance logs of November 13, 
1980, and April 13, 1981 (not shown), obtained while the 
well was shut-in (not flowing), suggest that the pressure 
in the upper brackish water part is sufficient to displace 
the saltwater in the borehole to a depth of about 2,250 ft. 
The maximum head for the upper zone was 43.4 ft above 
land surface, or 58.8 ft above sea level, on April 21, 1981, 
when the average density of the 2,250-ft fluid column was 
estimated to be 1.002 grams per milliliter (g/mL) at 
ambient temperature. Theoretically, given sufficient time, 
brackish water from the high-pressure upper zone would 
have completely displaced the saltwater to about 2,250 ft 
with a water column of density 0.998 g/mL. The brackish 
water head required for the displacement would, however, 
be about 9.2 ft higher than the maximum measured on 
April 21, 1981. Therefore, the static head in the upper part 
of the Floridan aquifer system 

could be as high as 68 ft above sea level. The discrepancy 
between the heads (measured and displacement) could be 
caused by intraborehole flow (from high-pressure zones to 
low-pressure zones) during shut-in. 

The static head for zone 1 (table 3, measurement 11) was 
55.7 ft above sea level at the ambient density on April 24, 
1981. Comparisons show that the head in zone 1 
(measurement 11) was about 3.1 ft lower than that in zone 3 
(measurement 10) at ambient density. At the same density, 
the difference in head would only be 2.1 ft. The slight 
differences in head and in density suggest that confining 
beds separate these zones (at least locally) or that the 
differences are due to significant permeability contrasts, 
which suggests that ground water moves faster and more 
freely through zone 3. The widespread occurrence of 
fractures and sinkholes in the limestones that make up the 
Floridan aquifer system rules out the possibility that water-
bearing zones within the aquifer system are isolated from 
each other. 

Comparison of the highest measured head (table 3, 58.8 
ft above sea level) in the well with the 1974 potentiometric 
surface map by Healy (1975b) indicates that the head 
extrapolated from the map was about 9 ft lower than the 
measured head at the Alligator Alley test well. 
Potentiometric surface maps by Johnston and others (1980, 
1981) were recently modified on the basis of the head 
measured at the Alligator Alley test well. As more detailed 
information on the vertical distribution of head in the 
Floridan aquifer system is obtained from other test wells in 
southern Florida, the mapped configuration of the 
potentiometric surface can be expected to change, 
particularly in the area between the Alligator Alley test well 
and the potentiometric surface high in central Florida. 

Flowmeter, fluid resistance, and fluid temperature logs 
indicated that zone 13 contributed a significant amount of 
saltwater to the well during natural flow. Prior to the packer 
tests it was assumed that the static head of saltwater in zone 
13 was above land surface in order to account for the 
saltwater flow. That assumption proved to be incorrect. The 
pressure-depth diagram (fig. 10) suggests that at 1,030 ft the 
static pressure for the saltwater column (extension of line 
GSW) is lower than the static pressure in zone 3. The 
pressure at 1,030 ft in terms of the saltwater gradient (GSW) 
would be 453.86 lb/in2, and that for the brackish water 
gradient (GBW) would be 464.28 lb/in2. The fluid pressure in 
zone 3, therefore, would be 10.42 lb/in2 greater than the 
fluid pressure at 1,030 ft in the static column of saltwater 
above zone 13. The difference in static pressure is 
equivalent to about 23.5 ft of saltwater head or about 24.1 ft 
of brackish water head. Because the borehole provides 
physical connection between the upper and lower zones, the 
fluid pressure in zone 3 is sufficiently 
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FIGURE 10. — Pressure-depth relation for water level measurements in the Floridan aquifer system in the Alligator Alley test well (well G-2296 at site 10, 
fig. 2) 

 
 
greater to displace the saltwater column below the point of 
intersection (about 1,030 ft). 
 If the brackish water head is reduced by 24.2 ft or more (a 
reduction that would occur when the well is permitted to flow 
naturally), the pressure of the brackish water column at the 

intersection (1,030 ft) is exceeded by that of the saltwater column, 
and saltwater will move up the borehole from zone 13 to displace 
and mix with  brackish water from zone 3. The inflowing brackish 
water from zone 3 effectively dilutes and entrains the 
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saltwater in the upper part of the saltwater column and 
transports the saltwater to the surface as a blend that is 
equivalent to a 50-percent concentration of saltwater. This 
phenomenon is, in some respects, comparable to the operation 
of an airlift pump, and its effects have led to misinterpretation 
of static head distribution in flowing wells. 
 
 

GROUND-WATER MOVEMENT IN THE 
FLORIDAN AQUIFER SYSTEM IN 

SOUTHERN FLORIDA 
 

GROUND-WATER MOVEMENT BASED ON NATURAL 
ISOTOPES AS TRACERS 

 
Naturally occurring isotopes of carbon and uranium in 

samples of ground water from the Floridan aquifer system at 
nine sites in southeastern Florida were compared with those in 
modern seawater (table 4) to assess their potential as tracers of 
ground-water movement. Carbon isotopes were determined in 
20 samples and uranium isotopes in 9 samples. Included are 
data on chloride and dissolved solids concentrations, which 
also were compared with concentrations in present-day sea-
water. Tritium was determined in selected samples to evaluate 
possible contamination of the sample by modern water. 
Oxygen isotopes were determined in 12 samples to assess 
their usefulness as climate indicators. 
 

CARBON ISOTOPES 
 

The radiocarbon dating technique has been an important 
and accepted research tool in archeology and geology since its 
inception in 1946 by Libby (1955). However, its use in 
hydrogeology has been dubious because of the uncertainties in 
comparing the carbon-14 in dissolved carbon species in 
ground water with respect to that in the water when it was last 
in contact with the atmospheric reservoir of carbon-14. An 
understanding of the involved chemical processes and the 
reservoir through which the ground water moves is essential 
to the interpretations and corrections that would apply to the 
measured carbon-14 in the sample. 

Carbon-14 measurements by the U.S. Geological Survey 
were by liquid scintillation counting of benzene which was 
synthesized from the carbonate in a 30-gallon (gal) sample of 
ground water (Pearson and Bodden, 1975; Thatcher and 
others, 1977); however, measurements by the Tritium 
Laboratory, Rosenstiel School of Marine and Atmospheric 
Sciences, University of Miami, were by gas proportional 
counting of carbon dioxide from a 55-gal water sample 
(Stuiver and Ostlund, 1980). By convention, the 
measurements were compared with standard National Bureau 
of Standards oxalic acid to determine 

 
 

TABLE 4.—Summary of isotope analyses of selected water samples 
from the Floridan aquifer system, southeastern Florida, 1971—83 
 [Site locations shown in fig. 2. Dashes indicate no data] 
 

County: B, Broward; D, Dade; M, Martin; PB, Palm Beach; STL, St. 
Lucie.3H tritium: Values in picocuries per liter. 

δ13C: 13C/12C stable isotope ratio of sample with respect to that of the 
standard (Pee Dee Belenmita). 

R: Relative activity of sample with respect to standard x 100.  

d14C: Millesimal difference with respect to standard. 

D14C: Millesimal difference normalized for isotopic fractionation. 

PMC: Percent of modern carbon (normalized).  

Apparent age: Years before present (1950), in Libby years. 

AR: 234U/238U alpha-activity ratio. 

δ 18O: 18O/16O stable isotope ratio of sample with respect to that of 
standard mean ocean water. 

Laboratory: GS, U.S. Geological Survey; UM, University of Miami; 

FS, Florida State University Geology Department. 
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