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Abstract. Saltwater intrusion is a potential threat to the 
quality of ground water in northeastern Florida and southeast-
ern Georgia. Elevated chloride concentrations have been 
observed in wells tapping the Upper Floridan and the upper 
zone of the Lower Floridan aquifers. In Duval County, Florida, 
increased chloride concentrations in water from wells along the 
coast and up to 14 miles inland indicate that saline water is 
gradually intruding into the freshwater zones of the Floridan 
aquifer system. Several mechanisms may explain this intrusion 
of saline water and the consequent increase in concentrations of 
chloride in northeastern Florida. The most plausible explana-
tion for the movement of higher chloride water into the fresh-
water zones of the Floridan aquifer system is the upward 
movement of saline water along joints, fractures, collapse fea-
tures, faults, or other structural anomalies. These features create 
conduits of relatively high vertical conductivity, providing a 
hydraulic connection between freshwater zones and deeper, 
more saline zones. After saline water reaches the freshwater 
zones, it can then move laterally through the porous aquifer 
matrix or along horizontal fractures or solution zones. 

INTRODUCTION 

The Floridan aquifer system is the major source of water 
supply in northeastern Florida (Figure 1). In 1965, ground-
water withdrawals in northeastern Florida totaled 183 million 
gallons per day. In 1990, ground-water withdrawals totaled 247 
million gallons per day, of which 90 percent was withdrawn 
from the Floridan aquifer system for public, industrial, domes-
tic, and agricultural use (Marella, 1992). The potential effects of 
increased population growth, industrial expansion, and agricul-
tural irrigation have led to concerns about future availability 
and quality of the ground-water resources. 

The potentiometric surface of the Floridan aquifer system 
in northeastern Florida has declined at a rate of about one-third 
to one-half foot per year since the 1940's as a result of increased 
pumping. Associated with this decline in the potentiometric 
surface has been an increased potential for saline water intru-
sion into the freshwater zones of the Floridan aquifer system. 
Gradual but continual increases in the chloride concentrations 
in water from the aquifer system have been observed in several 
inland and coastal areas in Duval County since the 1960's. The  

potential for saline water intrusion is expected to increase as 
population growth and potentiometric surface declines con-
tinue in northeastern Florida. 

HYDROGEOLOGIC FRAMEWORK 

Northeastern Florida is underlain by a thick sequence of 
marine sedimentary rocks that overlie a basement complex of 
metamorphic strata The primary water-bearing sediments 
are composed of limestone, dolomite, shell, clay, and sand, 
and range in age from late Paleocene to Holocene. Descrip-
tions of major stratigraphic units and corresponding hydro-
geologic units are given in figure 2. 

The principal water-bearing units are the surficial and 
Floridan aquifer systems. The two aquifer systems are sepa-
rated by the clays, silts, and sands of the intermediate confin-
ing unit, which includes most of the Hawthorn Formation. 
The intermediate confining unit contains beds of lower per-
meability that confine the water in the Upper Floridan aquifer 

Figure 1. Location of Duval County. 
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Water from some wells shows 
increasing salinity. 
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Figure 2. Generalized geology and hydrogeology of northeastern Florida (modified from Spechler, 1994). 

system. The Floridan aquifer system has three major water-
beanng zones—the Upper Floridan aquifer, the upper zone of 
the Lower Floridan aquifer, and the Fernandina permeable zone 
of the Lower Floridan aquifer, all separated by less-permeable 
semiconfining units (Brown, 1984). 

MECHANISMS OF INTRUSION 

Several possible mechanisms could explain the intrusion of 
saline ground water and the consequent increases in chloride 
concentrations in ground wa ter in some areas of northeastern 
Florida They are: 1) the movement of unflushed pockets of 
relict seawater within the Floridan aquifer system; 2) lateral 
movement of the freshwater-saltwater interface off the north-
eastern coast of Florida; 3) simple regional upconing of saltwa-
ter from deeper zones of saline water below pumped wells and; 
4) upward leakage from deepen saline water-bearing zones 
through semiconfining units that are thin, or are breached by 
joints, fractures, collapse features, or other structural anomalies. 

Geophysical logs of wells in Duval County that penetrate 
the Upper Floridan aquifer and the upper zone of the Lower 
Floridan aquifer were used to improve the understanding of the 
relation between the hydrogeology of the aquifer system and 
the distribution of saline water. Geophysical log types included 
caliper, natural gamma, electric, current meter, heat-pulse flow- 

meter, sonic televiewer, and static and flowing fluid tempera-
ture and resistivity. 

In general, pockets of unflushed relict sea water are found 
in strata of relatively low permeability. Geophysical logs of 
many wells in Duval County indicate, however, that fracture 
flow zones are the source of saline water to the well. This inch-
cates that unflushed relict seawater is a minor source of saline 
water in the study area. 

ateral encroachment of recent sea water is an'unlikely 
explanation for the increase in chloride concentrations in the 
Floridan aquifer system in Duval County. If seawater were 
moving laterally through the Upper Floridan aquifer from out-
crops in the Atlantic Ocean, the saltwater would first be 
detected in wells nearest the coast. However, many coastal 
wells have chloride concentrations less than 30 mg/L, while 
some inland wells have chloride concentrations exceeding 
250 mg/L. 

Data from geophysical logging indicates that simple 
regional upcoming of saline water apparently is not occurring 
in Duval County If upconing were occurring, elevated chlo-
ride concentrations in water would typically coincide with 
cones of depression caused by pumping. Also, chloride con-
centrations would be expected to increase consistently with 
depth. However, fluid resistivity logs and chloride samples 
collected from several wells with elevated chloride concentra-
tions indicate alternating zones of fresh and saline water. 
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Because of the areal and vertical variability of chloride 
concentrations, the most plausible mechanism for the move-
ment of saline water into the freshwater zones of the Floridan 
aquifer system is the upward movement of saline water along 
discrete geologic features combined with horizontal movement 
in fracture or solution flow zones (Figure 3). Marine seismic 
reflection profiles show that the Continental shelf off the north-
eastern coast of Florida is underlain by solution-deformed lime-
stone of Late`Cretaceous to Eocene age (Meisburger and Field, 
1976; Popenoe and others, 1984). Dissolution and collapse fea-
tures are widely scattered throughout the area and are expressed 
as sinkholes that presently breach the sea floor, sinkholes that 
breached the sea floor in the past and are now filled with sand; 
and collapse structures that originated deep within the geologic 
section deforming the overlying units (Popenoe and others, 
1984). The deep dissolution-collapse features are believed to 
originate in the Upper Cretaceous and Paleocene rocks (Pope-
noe and others, 1984). Seismic-reflection investigations along 
the St. Johns River in northeastern Florida by Snyder and others 
(1989), by the USGS in 1989 (Spechler, 1994), by North Caro-
lina State University in 1990, and in a joint effort between the 
USGS and North Carolina State University in 1994 also 
revealed a number of buried collapse features and other karstic 
features similar to those observed by Meisburger and Field 
(1976), and Popenoe and others (1984). These features can cre-
ate zones of relatively high vertical hydraulic conductivity 
through rocks of otherwise low vertical hydraulic conductivity, 
thereby providing a hydraulic connection between freshwater 
zones and deeper saline zones (Figure 3). 
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Figure 3. Simplified section of the Floridan aquifer 
system. (Modified from Spechler, 1994). 
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CONCLUSION 

The areal and vertical variability of chloride concentra-
tions indicates that structural anomalies probably are responsi-
ble for the distribution of increased chloride concentrations in 
the Floridan aquifer system. These features can create zones 
of relatively high vertical hydraulic conductivity, thereby pro-
viding a hydraulic connection between freshwater zones and 
deeper, more saline zones. Decreasing heads caused by pump-
ing from the shallower freshwater zones of the aquifer can 
result in an increased potential for upward movement of saline 
water through nearly vertical zones of preferential permeabil-
ity. After saline water reaches the freshwater zones, it moves 
laterally through the porous matrix of the aquifer or along hor-
izontal fractures or solution zones. 
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