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Abstract 1

Hydrogeologic Framework and Geochemistry of the 
Intermediate Aquifer System in Parts of Charlotte, 
De Soto, and Sarasota Counties, Florida
By A.E. Torres, L.A. Sacks, D.K. Yobbi, L.A. Knochenmus, and B.G. Katz

Abstract

The hydrogeologic framework underlying 
the 600-square-mile study area in Charlotte, De 
Soto, and Sarasota Counties, Florida, consists of 
the surficial aquifer system, the intermediate aqui-
fer system, and the Upper Floridan aquifer. The 
hydrogeologic framework and the geochemical 
processes controlling ground-water composition 
were evaluated for the study area. Particular 
emphasis was given to the analysis of hydrogeo-
logic and geochemical data for the intermediate 
aquifer system. Flow regimes are not well under-
stood in the intermediate aquifer system; there-
fore, hydrogeologic and geochemical information 
were used to evaluate connections between perme-
able zones within the intermediate aquifer system 
and between overlying and underlying aquifer sys-
tems. Knowledge of these connections will ulti-
mately help to protect ground-water quality in the 
intermediate aquifer system. The hydrogeology 
was interpreted from lithologic and geophysical 
logs, water levels, hydraulic properties, and water 
quality from six separate well sites. Water-quality 
samples were collected from wells located along 
six ground-water flow paths and finished at differ-
ent depth intervals. The selection of flow paths 
was based on current potentiometric-surface 
maps. Ground-water samples were analyzed for 
major ions; field parameters (temperature, pH, 
specific conductance, and alkalinity); stable iso-
topes (deuterium, oxygen-18, and carbon-13); and 
radioactive isotopes (tritium and carbon-14).

The surficial aquifer system is the upper-
most aquifer, is unconfined, relatively thin, and 
consists of unconsolidated sand, shell, and lime-
stone. The intermediate aquifer system underlies 
the surficial aquifer system and is composed of 
clastic sediments interbedded with carbonate 
rocks. The intermediate aquifer system is divided 
into three permeable zones, the Tamiami/Peace 
River zone (PZ1), the Upper Arcadia zone (PZ2), 
and the Lower Arcadia zone (PZ3). The Tami-
ami/Peace River zone (PZ1) is the uppermost zone 
and is the thinnest and generally, the least produc-
tive zone in the intermediate aquifer system. The 
Upper Arcadia zone (PZ2) is the middle zone and 
productivity is generally higher than the overlying 
permeable zone. The Lower Arcadia zone (PZ3) is 
the lowermost permeable zone and is the most pro-
ductive zone in the intermediate aquifer system. 
The intermediate aquifer system is underlain by 
the Upper Floridan aquifer, which consists of a 
thick, stratified sequence of limestone and dolo-
mite. The Upper Floridan aquifer is the most pro-
ductive aquifer in the study area; however, its use 
is generally restricted because of poor water qual-
ity. Interbedded clays and fine-grained clastics 
separate the aquifer systems and permeable zones.

The hydraulic properties of the three aquifer 
systems are spatially variable. Estimated trans-
missivity and horizontal hydraulic conductivity 
varies from 752 to 32,900 feet squared per day and 
from 33 to 1,490 feet per day, respectively, for the 
surficial aquifer system; from 47 to 5,420 feet 
squared per day and from 2 to 102 feet per day, 



respectively, for the Tamiami/Peace River zone 
(PZ1); from 258 to 24,633 feet squared per day 
and from 2 to 14 feet per day, respectively, for the 
Upper Arcadia zone (PZ2); from 766 to 44,900 feet 
squared per day and from 10 to 201 feet per day, 
respectively, for the Lower  Arcadia zone (PZ3); 
and from 2,350 to 7,640 feet squared per day and 
from 10 to 41 feet per day, respectively, for the 
Upper Floridan aquifer. Confining units separating 
the aquifer systems have leakance coefficients 
estimated to range from 2.3 x 10-5 to 5.6 x 10-3 feet 
per day per foot. Strata composing the confining 
unit separating the Upper Floridan aquifer from 
the intermediate aquifer system are substantially 
more permeable than confining units separating 
the permeable zones in the intermediate aquifer 
system or separating the surficial aquifer and inter-
mediate aquifer systems.

In Charlotte, Sarasota, and western De Soto 
Counties, hydraulic head generally increases with 
depth indicating an upward flow potential. Else-
where, head decreases with depth indicating a 
downward flow potential. During September 
1998, relatively small head differences occurred 
between the Upper Floridan aquifer and Lower 
Arcadia zone (PZ3) in the intermediate aquifer 
system (up to 5 feet) whereas relatively larger head 
differences occurred between permeable zones of 
the intermediate aquifer system and the surficial 
aquifer system (as much as 8 feet).

The hydraulic connection between the 
surficial aquifer system, the intermediate aquifer 
system and associated permeable units, and the 
Upper Floridan aquifer is variable in the study 
area. Clay beds within the confining units can limit 
the degree of hydraulic connection between aqui-
fer systems and permeable zones; however, facies 
changes within the units may result in local 
hydraulic connection with overlying and underly-
ing aquifers. Generally, better hydraulic connec-
tion exists between the Upper Floridan aquifer and 
the Lower Arcadia zone (PZ3) than exists between 
the permeable zones of the intermediate aquifer 
system and the surficial aquifer system. 

Several important findings about flow pat-
terns in the intermediate aquifer system have been 
supported by combining geochemical modeling 
2 Hydrogeologic Framework and Geochemistry of the Intermed
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with hydraulic head data. Vertical flow from 
underlying aquifers is significant in the chemical 
evolution of water in the intermediate aquifer sys-
tem. Flow patterns derived only from potentiomet-
ric-surface maps may be misleading because flow 
paths are presumed to be lateral. Recent flow pat-
terns delineated strictly based on potentiometric-
surface maps do not represent predevelopment 
ground-water flow paths. The chemical composi-
tion of intermediate aquifer waters most likely 
reflects predevelopment conditions. Areas where 
geochemical models indicate large amounts of 
upward flow may actually be areas where discon-
tinuity of the permeable zone exists, thereby limit-
ing lateral flow.

Water in the intermediate aquifer system 
varies widely in chemical composition, but gener-
ally fits into one of two categories. At inland sites, 
water is a mixed ion or mixed cation-bicarbonate 
type. Sites closer to the coast have a sodium-
chloride or mixed cation-chloride type water. 
Water within the same permeable zone of the inter-
mediate aquifer system does not have a distinct 
chemical composition throughout the study area. 
Water in the surficial aquifer system, which is a 
calcium bicarbonate type, is more dilute than 
water from underlying aquifers. The chemical 
composition of water from the Upper Floridan 
aquifer is variable in the study area with no 
dominant cation present. 

Most water from the surficial aquifer system 
has isotopically lighter deuterium and oxygen-18 
values than water from the intermediate aquifer 
system or the Upper Floridan aquifer. Water from 
the surficial aquifer system most likely represents 
a mixture of meteoric water, with an isotopically 
light composition, and ground water that has been 
recharged by water that has undergone evapora-
tion, with an enriched isotopic composition. Water 
from the intermediate aquifer system and the 
Upper Floridan aquifer may be the result of 
recharge that occurred under different climatic 
conditions than present conditions. Water from the 
three aquifer systems have isotopically distinct 
carbon-13 signatures of dissolved inorganic car-
bon, which is related to the evolution of inorganic 
carbon.
iate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



Water from the intermediate aquifer system 
and Upper Floridan aquifer is probably greater 
than 10,000 years old. Age dating indicates that 
water in some parts of these aquifers may be 
greater than 20,000 years old. Thus, the aquifer 
systems may have been recharged under different 
hydraulic conditions than currently observed.

INTRODUCTION

Ground-water withdrawals in southwest Florida 
are expected to increase and may result in water-level 
declines and water-quality degradation. The sources of 
ground water in southwest Florida are the surficial 
aquifer system, the intermediate aquifer system, and 
the Upper Floridan aquifer. The ground-water 
resources in this area are geographically limited by the 
quantity or quality of water in each aquifer. Generally, 
ground-water resources are small to moderate in the 
surficial aquifer system, moderate in the intermediate 
aquifer system, and abundant in the Upper Floridan 
aquifer. In parts of southwest Florida, the ground-water 
resources of the surficial aquifer system and the inter-
mediate aquifer system are in greater demand because 
the ambient quality of the water is typically less miner-
alized than water in the Upper Floridan aquifer. 

The intermediate aquifer system is an interbed-
ded group of permeable zones and confining units 
deposited under highly varied environmental condi-
tions that form a complex, heterogeneous aquifer sys-
tem. Several major permeable zones exist within the 
intermediate aquifer system, however, the regional dis-
tribution, areal extent, and hydraulic character of per-
meable zones and confining units and their occurrences 
have not been well defined due to the complexity of the 
system. For ground-water resources in the intermediate 
aquifer system to be adequately protected from water-
quality degradation, it is essential to understand the 
hydrogeologic framework, ground-water flow patterns, 
and variations in water quality. As demand for water 
increases in southwest Florida, more information is 
needed to efficiently develop and manage the interme-
diate aquifer system as a water-supply source.

In 1996, the U.S. Geological Survey (USGS) in 
cooperation with the Southwest Florida Water Man-
agement District (SWFWMD) initiated an investiga-
tion to evaluate the hydrogeology and geochemistry of 
the intermediate aquifer system in parts of Charlotte, 
De Soto, and Sarasota Counties in southwest Florida 
(fig. 1). Although the majority of this study is focused 
on the intermediate aquifer system, data were col-
lected from the surficial aquifer system and the Upper 
Floridan aquifer to provide an understanding of the 
interaction between aquifers overlying and underlying 
the intermediate aquifer system. 

Purpose and Scope

The purpose of this report is threefold: (1) to 
describe the hydrogeologic framework and geochemis-
try of the aquifer systems (particularly the intermediate 
aquifer system) in the study area (fig. 1), (2) to evaluate 
the geochemical evolution of ground water to under-
stand the flow regimes in the intermediate aquifer 
system, and (3) to determine the lateral continuity of 
flow within permeable zones of the intermediate aqui-
fer system and the vertical connection between the 
intermediate aquifer system and overlying and underly-
ing aquifer systems. Hydrogeologic and geochemical 
characteristics of the intermediate aquifer system were 
determined at six Regional Observation and Monitor-
Well Program (ROMP) sites in Charlotte, De Soto, and 
Sarasota Counties. Information presented in this report 
was obtained from data collected during this study and 
from published USGS, Florida Geological Survey 
(FGS), and SWFWMD reports. The stratigraphic and 
hydraulic units composing the hydrogeologic frame-
work were delineated using lithologic and geophysical 
logs, water levels, water quality, and hydraulic charac-
teristics from five existing ROMP sites and one new 
ROMP test site constructed in De Soto County during 
this study. Each ROMP site consists of numerous 
monitor wells that penetrate various depth intervals in 
the surficial aquifer system, the intermediate aquifer 
system, and the Upper Floridan aquifer. The geochem-
ical composition of water was determined from water-
quality samples collected at five of the ROMP sites. 
Water was sampled for major ions, field parameters 
(temperature, pH, specific conductance, dissolved 
oxygen, and alkalinity), stable isotopes (deuterium, 
oxygen-18, and carbon-13), and radioactive isotopes 
(tritium and carbon-14). The water-quality data pro-
vided the input for geochemical mass-balance model-
ing. The geochemical evolution of ground water was 
simulated for six apparent flow paths. The flow paths 
were delineated using September 1998 potentiometric-
surface maps of the intermediate aquifer system. 
Intoduction 3



Description of the Study Area

The study area encompasses about 600 square 
miles (mi2) and includes parts of Charlotte, De Soto, 
and Sarasota Counties (fig. 1). The study area lies 
within the physiographic subdivisions of the De Soto 
Plain, the Gulf Coast Lowlands, and the Caloosa-
hatchee Incline (White, 1970). The gently sloping De 
Soto Plain has land surface elevations ranging between 
about 30 and 100 feet (ft). The Gulf Coast Lowlands is 
low with land surface elevations less than 40 ft. The 
Caloosahatchee Incline has land elevations ranging 
from about 50 to 60 ft. All three subdivisions are poorly 
drained broad flatlands containing many sloughs and 
marshes, including some that have been drained by 
ditches and canals. The study area is bisected by the 
Peace River (fig. 1), one of the largest rivers in south-
west Florida. Four smaller streams, Horse Creek, 
Joshua Creek, Prairie Creek, and Shell Creek drain the 
eastern and north-central parts of the study area.
4 Hydrogeologic Framework and Geochemistry of the Intermed
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sections, west-central Florida.
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improve the current state-of-knowledge concerning 
the intermediate aquifer system regional hydro-
geology.

The chemical and isotopic composition of inter-
mediate aquifer system water and the interaction and 
mixing of waters among aquifer systems have been 
described in various reports. Berndt and Katz (1992) 
related differences in major-ion composition of waters 
in the intermediate aquifer system to variations in the 
chemical composition and amount of water leaking 
downward from the surficial aquifer system and 
upward from the Upper Floridan aquifer. Sacks and 
Tihansky (1996) characterized the chemical and stable 
isotopic composition of water from the intermediate 
aquifer system in parts of southwest Florida, focusing 
on wells with discrete open-hole intervals; waters in the 
intermediate aquifer system influenced by upward flow 
from the Upper Floridan aquifer were chemically and 
isotopically distinct from areas not so influenced. 
Water quality of the discrete production zones of the 
intermediate aquifer system in Sarasota County was 
reported by Knochenmus and Bowman (1998). 
Kauffman and others (1998) and Hobbie (1993) attrib-
uted vertical differences in the chemical composition 
of water in permeable zones of the intermediate aquifer 
system to the influence of confining units and upward 
flow from the Upper Floridan aquifer. 
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METHODS OF STUDY

Hydrogeologic and geochemical data were col-
lected from test holes at six ROMP sites (5, 9, 9.5, 12, 
13, and 17) in Charlotte, De Soto, and Sarasota Coun-
ties. The ROMP 9.5 site was established during this 
study with a total of 18 monitor wells constructed at 
discrete depths. Hydrogeologic data were collected by 
SWFWMD personnel in accordance with ROMP 
sampling protocol. 

Hydrogeology 

Hollow-stem auger, wire-line coring, and mud 
rotary drilling methods were used to collect lithologic 
and water samples at depth. At each ROMP site, a test 
hole was drilled and continuous cores were collected 
from land surface to variable depths in the Upper 
Floridan aquifer. Data collected during the coring of 
the test hole included water levels, water quality, 
geophysical logs, and specific capacities. Water levels 
were measured while coring and during packer testing. 
A qualitative measure of permeability obtained by the 
visual inspection of cores was used to test discrete 
borehole intervals for hydraulic properties. Specific 
capacity of discrete intervals was determined during 
packer tests. The hydraulic properties of discrete strati-
graphic units from the intermediate aquifer system and 
Upper Floridan aquifer were determined from falling-
head permeameter tests. The hydraulic properties of 
permeable zones and confining units were determined 
from aquifer test analysis by SWFWMD and USGS 
personnel. Aquifer tests were evaluated using analyti-
cal methods (Jacob, 1946; Hantush, 1960; and Neuman 
and Witherspoon, 1972). Aquifer tests also were evalu-
ated using numerical methods at the ROMP 9.5 site 
(McDonald and Harbaugh, 1988; and Halford, 1992). 
The delineation of the stratigraphic units composing 
the geologic framework was based on stratigraphic 
picks by SWFWMD and FGS personnel. The hydro-
geologic framework was delineated using a qualitative 
evaluation of core permeability conducted by 
SWFWMD personnel and by concurrent evaluation of 
borehole data. The geologic and hydrogeologic frame-
works were linked using water-level, water-quality, 
geophysical logs, and specific-capacity data (apps. A 
through C). It should be recognized that, for hydrauli-
cally complex carbonate strata, all hydrogeologic 
identifications are tentative until detailed flowmeter 
measurements can be collected.
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Geochemistry

Water and rock samples were collected for chem-
ical and isotopic analysis. Results from the chemical 
and isotopic analysis were used to evaluate geochemi-
cal processes influencing the chemical and isotopic 
composition of ground water in the study area. Rock 
mineralogy from selected cores was analyzed using 
x-ray diffraction. The age of ground water in different 
aquifer systems was estimated from isotopic signa-
tures. Geochemical models were used to examine 
reactions and mixing along apparent flow paths in the 
intermediate aquifer system.

Water Sampling

Vertical variability in the composition of ground 
water was determined from water-quality samples 
collected by SWFWMD personnel during exploratory 
drilling of test holes at ROMP sites. Typically, samples 
were collected every 20 to 40 ft from a discrete interval 
at the base of the borehole, with the drill stem acting as 
a temporary casing. Because upper zones were not 
effectively sealed, mixing with water from overlying 
sediments was possible. At the ROMP 9.5 site, samples 
were collected less frequently and only from the upper-
most part of the Upper Floridan aquifer. An inflatable 
packer was used to isolate the bottom of the test hole, 
allowing samples to be collected from discrete zones.

Water was collected from wells completed at 
different depth intervals in the surficial aquifer system, 
the intermediate aquifer system, and the Upper 
Floridan aquifer. Existing water-quality data collected 
from the ROMP 17 site for a previous study also was 
utilized (Sacks and Tihansky, 1996). Standard tech-
niques were used to collect water-quality samples 
(Wood, 1976) and to conduct water-quality analyses 
(Skougstad and others, eds., 1979). Water samples 
were collected from the wells using a submersible or 
peristaltic pump, or by using discharge tubes from 
flowing wells. Field measurements of pH, specific 
conductance, temperature, and dissolved oxygen were 
made using a closed flow chamber to prevent atmo-
spheric contact with water samples. 

Water samples were collected after three well 
casing volumes had been removed and field measure-
ments of pH, specific conductance, and temperature 
had stabilized. Alkalinity was measured in the field by 
incremental titration using sulfuric acid. Sulfide con-
centrations were measured at the ROMP 9.5 site using 
a field spectrophotometer and reagent solutions (Hach 
6 Hydrogeologic Framework and Geochemistry of the Intermed
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Company, 1989). Major ions and selected trace 
element concentrations were determined by the USGS 
Water Quality Laboratory in Ocala, Florida. 

Isotope ratios of deuterium (D/H) and oxygen-18 
(18O/16O) were determined by the USGS stable isotope 
laboratory in Reston, Virginia, using techniques 
described by Coplen and others (1991) and Coplen 
(1994). Tritium (3H), carbon-14 (14C), and carbon-13 
(13C/12C) were determined by USGS contract laborato-
ries. Standard δ (delta) notation (Gonfiantini, 1981) 
was used to express concentrations of the stable iso-
topes (deuterium, oxygen-18, and carbon-13), in units 
of parts per thousand (per mil). Standards are Vienna 
Standard Mean Ocean Water (VSMOW) for deuterium 
and oxygen-18 and Pee Dee Belemnite (PDB) for 
carbon-13 (Coplen, 1994). Oxygen and hydrogen 
isotope results are normalized on scales such that the 
oxygen and hydrogen isotopic values of Standard Light 
Antarctic Precipitation (SLAP) are -55.5 and -428 parts 
per thousand (per mil), respectively (Coplen and 
others, 1991, and Coplen, 1994); the 2σ (standard devi-
ation) precision for δ18O, δD, and δ13C are 0.2, 2.0, and 
0.2 per mil, respectively. Water samples for tritium 
were collected and analyzed according to methods 
described by Michel (1989). Tritium activity is 
reported in tritium units (TU; 1 TU is equal to 1 tritium 
atom in 1018 hydrogen atoms, and 7.1 disintegrations 
per minute per gram of water), with a 1σ precision of 
less than 10 percent for waters containing more than 
2 TU (Michel, 1989). Carbon-14 was analyzed using 
gas-stripping and accelerator mass spectrometry meth-
ods (Beukens, 1992). All 14C determinations are 
reported in Percent Modern Carbon (PMC) normalized 
to a δ13C value of -25 per mil and the 1950 oxalic acid 
standard from the National Institute of Standards and 
Technology (Stuiver and Polach, 1977; Wigley and 
Muller, 1981). The reported analytical precision is 
1 PMC for 14C values less than 10 PMC and 2 PMC for 
values greater than 10 PMC (A. Mullin, USGS, written 
commun., 1998).

Rock Sampling

Analysis of rock mineralogy was performed on 
eight cores collected from the test hole at the ROMP 
9.5 site. Cores were selected to represent permeable 
zones and confining units of the intermediate aquifer 
system and the upper part of the Upper Floridan aqui-
fer. Bulk sediments and ultra fine (less than 1 millime-
ter (mm)) clays from these zones were analyzed using 
X-ray diffraction techniques (Brindley and Brown, 
iate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



eds., 1980; Moore and Reynolds, 1989). Bulk samples 
were scanned as amyl acetate smear mounts. The clays 
were analyzed untreated, glycol solvated, and heated at 
550 oC for 1 hour or longer. Clay minerals were identi-
fied based on the response of their (001) reflections 
following the established procedure described above.

Additionally, selected cores from the ROMP 9.5 
test hole were analyzed to estimate the fraction of 
organic carbon in the rock material and the δ13C con-
tent of the inorganic and organic carbon. Two methods 
were used to estimate the fraction of organic carbon: 
traditional combustion/gasometric methods and a 
persulfate-oxidation method. For δ13C of organic 
carbon, the inorganic carbon fraction was removed by 
dissolving the sample in hydrochloric acid (Barrie and 
Prosser, 1996). For δ13C of inorganic carbon, 20 milli-
grams (mg) of carbonate material was reacted with 
2 milliliter (mL) of 100-percent phosphoric acid. The 
liberated carbon dioxide was dried and its 13C content 
was determined using a dual-inlet isotope ratio mass 
spectrometer (Barrie and Prosser, 1996). 

Geochemical Modeling

The geochemical model NETPATH (Plummer 
and others, 1994) was used to determine the dominant 
processes (including chemical reactions and mixing of 
waters) controlling ground-water evolution along six 
apparent flow paths. Input to the model included the 
chemical and isotopic composition of the ground water, 
the saturation state of ground water with respect to 
mineral phases, the known mineralogy of the aquifer 
systems, and the isotopic composition of solid phase 
materials. Input also required defining flow paths 
within the aquifer system and knowledge of vertical 
head differences between aquifers so that likely mixing 
scenarios between aquifers could be hypothesized.

NETPATH also was used to calculate plausible 
ages for ground water using 14C. In the calculations, 
the analyzed 14C values, in percent modern carbon 
(pmc), rather than the normalized values reported by 
the laboratory, in PMC, were used (L.N. Plummer, 
USGS, written commun., 1998). The Fontes and 
Garnier (1979) adjustment model was used to calculate 
the initial 14C activity (Ao) in ground water at each site 
by considering a two-stage evolution of recharge 
waters that includes dissolution and isotopic exchange 
of carbonate minerals with CO2 in the unsaturated zone 
and isotopic exchange with the carbonate rocks in the 
saturated zone. The inorganic carbon system was used 
for computing age corrections; dissolved organic 
carbon and methane were not analyzed for this study, 
and thus, the assumption was made that their concen-
trations were negligible or their 14C concentrations 
were 0 pmc. All models with 14C parameters used the 
following constraints to calculate Ao: 

(1) a user-defined δ13C of soil gas CO2 of -20 to 
-25 per mil (Deines and others, 1974),

(2) 14C soil gas = 100 pmc, 

(3) 14C of calcite and dolomite = 0 pmc, and 

(4) the δ13C value used is the δ13C composition of 
the dissolved inorganic carbon of the initial 
water. 

The sensitivity of analytical uncertainties in the 
14C value on the computed ages also was evaluated.

GEOLOGIC FRAMEWORK

Defining the geologic framework in the study 
area is problematic. The stratigraphy comprising the 
geologic framework is mired in contradictory and con-
fusing nomenclature because of inconsistent applica-
tion of the North American Stratigraphic Code (code) 
and the limitations of the code with respect to Florida’s 
rock record (Randazzo, 1997, p. 49). The code relies 
upon definition of lithostratigraphic units to name for-
mations. Carbonate rocks in Florida do not easily lend 
themselves to lithostratigraphic definition because of 
limited exposures in outcrops; as a result, scientists rely 
on key fossils to name stratigraphic units. The code, 
however, does not recognize the practice of using fos-
sils to name formations. Furthermore, identification of 
stratigraphic units is complicated by complex sediment 
facies patterns and phosphorite sedimentation and 
diagenetic alteration of sediments obliterating fossils. 
In addition, correlating geologic units with hydrogeo-
logic units is difficult because of wide variations in 
depositional environment occurring simultaneously 
within the study area. Complex facies changes can 
occur at the boundaries of predominately carbonate 
rocks and siliciclastic rock deposition. Additionally, 
the same rock type may recur at several horizons in the 
lithostratigraphic (geologic) section because the exact 
depositional and diagenetic conditions that produced 
the rocks were repeated several times (Miller, 1986, 
p. B7). The formation names used in this report are 
based upon the geologic definitions of Scott (1988) and 
those used by the FGS.
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Depositional History

The depositional history of the Florida Platform 
resulted in a thick sequence of evaporite, carbonate and 
siliciclastic facies. These sediments began to accumu-
late on the Florida Platform with the development of 
the Gulf of Mexico Basin, probably during the middle 
Jurassic (Randazzo, 1997, p. 39). Beginning in the late 
Cretaceous, a stable tectonic period allowed the accu-
mulation of a thick sequence of sedimentary rocks in 
peninsular Florida. The primary force affecting the 
type of sediments deposited was changing sea levels 
throughout the Cenozoic Era and especially during the 
Tertiary. Throughout the Tertiary, the Florida Platform 
was subjected to numerous sea-level fluctuations, and 
variations in sea level were most dramatic from the late 
8 Hydrogeologic Framework and Geochemistry of the Intermed
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(carbonate mud), clay (siliciclastic) and quartz sand. In 
addition to influencing the type of sediments deposited, 
sea-level changes interrupted sediment deposition, 
removed sedimentary units by erosion, and altered the 
units post depositionally. Subaerial exposure resulted 
in karstification and erosional sequence-boundary 
surface development (Randazzo, 1997, p. 47).

The Avon Park Formation is a carbonate mud-
dominated peritidal sequence. Open-marine, shallow 
water, and shelf deposits prevailed during the late 
Eocene, which was a period of restricted-flow and open 
marine deposition. During the Oligocene, deposition 
was predominately open-marine. Sea-level fluctuations 
after the Oligocene were a primary factor controlling 
the distribution of depositional environments during 
the Miocene and Pliocene. The frequent sea-level 
fluctuations during the Miocene spread sediments over 
the Florida Platform but left an intermittent strati-
graphic record. Carbonate deposition on the southern 
part of the platform persisted until the middle to late 
Miocene. In the southernmost peninsula, deposition of 
the Arcadia Formation continued until the Pliocene. 
Thin beds of siliciclastic sediments were deposited 
nearly platform-wide (Scott, 1997, p. 61) throughout 
the early (lower) Miocene. A major eustatic regression 
occurred during the middle Pliocene (Vail and others, 
1977) creating a disconformity separating younger 
Pliocene- and Pleistocene-age sediments from the 
underlying older Pliocene- and Miocene-age sediments. 

Stratigraphy Underlying the Study Area 

The stratigraphy underlying the study area was 
determined from cores collected at the six ROMP sites 
and reported by SWFWMD and FGS (Decker, 1988; 
Gates, 1997a,b; Peterman, 1997; Thompson, 1997; 
Baldini, 1998; Gates, 1998a; Baldini, 1999; Clayton, 
1999; and Jon Arthur, FGS, written commun., 2000). 
Where formation (or member) boundaries differed 
between the reporting sources of geologic data, the 
FGS designations were used. The stratigraphy and 
dominant lithology for the six sites are presented in 
figure 3 and appendices A through C. Test wells 
penetrated the undifferentiated surficial deposits, the 
heterogeneous marine deposits comprising the 
Tamiami Formation and Hawthorn Group, and the 
persistent carbonates comprising the Suwannee Lime-
stone, Ocala Limestone, and Avon Park Formation.
Avon Park Formation, Ocala Limestone, and 
Suwannee Limestone

The 1,200-ft thick, middle Eocene-age Avon 
Park Formation is the oldest stratigraphic unit exposed 
in Florida (Miller, 1986). The Avon Park Formation is 
a carbonate mud, pervasively dolomitized in places and 
undolomitized in others with mostly benthic fossils 
indicating a lack of faunal diversity (Randazzo, 1997, 
p. 50). Lithologically, the formation consists predomi-
nately of cream, tan, or light-brown, soft to well-
indurated limestone that is mostly pelletal but is locally 
micritic. The limestone may be interbedded with dark-
brown, highly fractured sucrosic dolostone. The top of 
the Avon Park ranges from about 1,000 to 1,230 ft 
below sea level in the study area. 

Overlying the Avon Park Formation is the 200- 
to 300-ft thick, late Eocene-age Ocala Limestone. The 
Ocala can contain two distinct lithologic units that 
include a basal dense dolostone and an upper relatively 
pure, porous limestone. The basal dense dolostone is 
similar to the Avon Park dolostone described above. 
The limestone unit has been described as fossiliferous, 
white, soft, friable, and porous, and includes fossils of 
foraminifera, bryozoan fragments, and echinoid 
remains loosely bound by a matrix of micritic cement. 
The basal dense dolostone unit occurs in the Ocala 
Limestone at the ROMP 5, 9, 12, and 17 sites. The top 
of the Ocala ranges from about 700 to about 1,100 ft 
below sea level. 

The boundary between the Ocala and Suwannee 
Limestone can be difficult to identify because of their 
similar lithologic appearance (Randazzo, 1997, p. 50). 
The 70- to 400-ft thick, Oligocene-age Suwannee 
Limestone is a granular, fossilifereous limestone that 
occurs about 600 ft below sea level. The limestone can 
be interbedded with calcilutite (calcareous mud, 
greater than 50-percent silt or clay-size limestone) and 
calcarenite (calcareous sand, greater than 50-percent 
sand-size limestone) units, and the basal unit can be a 
fine-grained dolosilt. Beds of unconsolidated quartz 
sand were noted at the ROMP 5 site. The Suwannee 
Limestone generally is distinguished from the overly-
ing Hawthorn Group by the lack of phosphatic sand 
content, however, the contact becomes obscure in 
Charlotte and Lee Counties (Randazzo, 1997). 

Hawthorn Group

Based on the work of Scott (1988), the Miocene- 
and early Pliocene-age sediments were reclassified as a 
group. The reclassification of the Hawthorn to group 
Geologic Framework 9



status is justified by the presence of areally extensive 
and mappable lithologic units (Scott, 1988, p. xii). In 
the study area, the 400- to 600-ft thick, Miocene- and 
early Pliocene-age Hawthorn Group contains multiple 
distinct lithologic units. Sea-level fluctuations during 
the Miocene are reflected in the interbedded layering of 
the siliciclastic and carbonate units that compose the 
Hawthorn Group. The sediments consist of highly 
variable mixtures of clay, silt, sand, and carbonate. 
Limestone is the dominant carbonate phase in southern 
Florida. Additionally, the Hawthorn Group sediments 
contain unique minerals including phosphorite ranging 
from trace amounts to about 50 percent. Phosphogenic 
episodes typically occur during the transition from 
carbonate to siliciclastic deposition. Associated with 
10 Hydrogeologic Framework and Geochemistry of the Interme
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Formation is designated the undifferentiated Arcadia 
Formation. The Arcadia Formation is composed pre-
dominately of carbonate rocks with varying amounts of 
included and interbedded siliciclastics. The predomi-
nate carbonate rock type is dolostone. The undifferen-
tiated Arcadia Formation consists predominantly of 
limestone and dolostone containing varying amounts 
of quartz sand, clay, and phosphate grains. Thin beds of 
quartz sand and clay are present sporadically through-
out the section. These thin sand and clay beds are 
generally dolomitic and phosphatic, less than 5 ft thick, 
and of limited areal extent (Scott, 1988, p. 58). Chert, 
which can occur in updip areas, such as in parts of 
Hardee, Hillsborough, Manatee, and Polk Counties, 
and appears to be silicified clays and dolosilts.

Nocatee and Tampa Members

The basal Nocatee Member has the highest con-
tent of siliciclastic sediments in the Arcadia Formation. 
The Nocatee Member is a complexly interbedded 
sequence of quartz sands, clays, phosphates, and minor 
carbonates. The Nocatee Member has been designated 
previously as the sand and clay unit of the Tampa 
Formation. The Nocatee Member ranges in thickness 
from about 50 to 200 ft in the study area.

The Tampa Member of the Arcadia Formation 
was formerly referred to as the Tampa Limestone or 
Tampa Formation. The new name reflects a change in 
nomenclature and status of the Tampa lithologic unit, 
which has long been a problematic unit due to facies 
changes and apparent gradational contacts with overly-
ing and underlying units. In areas where the intermedi-
ate aquifer system is absent, the Tampa Member 
directly overlies the Suwannee Limestone and is con-
sidered part of the Upper Floridan aquifer. Where both 
the Tampa and Nocatee Members are present in the 
stratigraphic section, the Tampa Member overlies the 
Nocatee Member in the study area. The Tampa 
Member occurs between the upper and lower parts of 
the undifferentiated Arcadia Formation. A diagnostic 
characteristic that can be used to separate the Tampa 
Member from the rest of the Arcadia Formation is the 
lack of phosphate content in the Tampa Member. The 
Tampa Member of the Arcadia Formation consists pre-
dominantly of limestone with subordinate dolostone, 
sand, and clay and contains little or no phosphate. The 
Tampa Member ranges from zero to less than 200 ft 
thick in the study area. 
Peace River Formation

The Peace River Formation is the upper unit of 
the Hawthorn Group and unconformably overlies the 
Arcadia Formation. Siliciclastics are the predominate 
lithology in the Peace River Formation, comprising 
greater than 66 percent of the rock material. Clay beds 
are common in the formation and phosphate, in varying 
amounts, generally is present. The carbonate content 
increases near the base of the formation. In some areas, 
the contact of the Peace River Formation with the 
underlying Arcadia Formation is delineated by a 
phosphatic rubble zone (Scott, 1988). 

Bone Valley Member of the Peace River Formation

The Bone Valley Formation of former usage has 
been reclassified to member status within the Peace 
River Formation. The reduction in status is due to the 
limited areal extent, gradational relations with supra- 
and subjacent units, and lithologic similarities to the 
undifferentiated Peace River Formation. The Bone 
Valley Member is a clastic unit consisting of pebble- to 
gravel-size phosphate fragments and grains in a matrix 
of quartz sand and clay (Scott, 1988, p. 86-87). Phos-
phate concentrations are highest in the Bone Valley 
Member. Clays can occur as matrix material but also as 
discrete beds of relatively pure clay referred to as “bed 
clay” by the phosphate industry. These clay beds delin-
eate the base of the Bone Valley Member. A carbonate 
rubble, consisting of basal gravels below the bed clay, 
has been described as delineating the contact between 
the Bone Valley Member and the undifferentiated 
Peace River Formation. When the basal gravels are 
absent, locating the contact with the Peace River 
Formation becomes arbitrary (Scott, 1988, p. 88). The 
Bone Valley Member has not been identified in the 
study area.

Tamiami Formation

The Tamiami Formation occurs over much of 
southern Florida and consists of sand, clay, carbonate, 
and reef facies. At least nine subsurface facies of the 
Tamiami Formation have been mapped by various 
investigators in southwest Florida but only one to four 
of the facies occur in the stratigraphic section at a given 
locality (Missimer, 1992, p. 69). The formation contains 
thick carbonate sequences in southwestern Florida and 
grades into siliciclastic sediments to the north and east. 
In Charlotte, Sarasota, and most of Lee Counties, the 
base of the Tamiami Formation occurs at the top of the 
Geologic Framework 11



first major green dolosilt/sand unit that marks the top of 
the Peace River Formation (Missimer, 1992, p. 65). In 
the study area, the middle to late Pliocene-age Tamiami 
Formation is thin and is designated stratigraphically as 
part of the undifferentiated surficial deposits (Jon 
Arthur, FGS, oral commun., 2000).

Surficial Deposits

The stratigraphy of the deposits overlying the 
Hawthorn Group (or Tamiami Formation where 
present) is a complex of Plio-Pleistocene to Holocene-
age, highly fossiliferous siliciclastics designated the 
undifferentiated surficial deposits. The surficial depos-
its generally have been separated into three units: 1) the 
Caloosahatchee Marl of Pliocene and Pleistocene age 
consisting of shell beds, shelly, sandy, or silty marl, 
marl, and sandy limestone, 2) Pleistocene-age deposits 
consisting of medium yellow-orange sand with clay 
and shell, and 3) Holocene-age deposits consisting of 
fine-grained quartz sand referred to as undifferentiated 
or surficial sand. Surficial deposits occur throughout 
De Soto and Hardee Counties but thin greatly near 
creeks and rivers. The upper sand unit is composed of 
a fine sand that blankets the area and is about 25 ft thick 
in the study area (Wilson, 1977, p.25). In most of 
De Soto County, the underlying shell and sand unit 
comprises the Caloosahatchee Marl. In southern and 
southeastern De Soto County, the marl contains fine 
sand with clay and large marine shells. Along Prairie 
Creek near the ROMP 12 site (fig. 1), the unit is almost 
entirely composed of marine shells. In northern 
De Soto and Hardee Counties, the basal unit of the 
undifferentiated surficial deposits consists of phosphate 
deposits. In the study area, the middle to late Pliocene-
age Caloosahatchee Formation is thin and is designated 
stratigraphically as part of the undifferentiated surficial 
deposits (Jon Arthur, FGS, oral commun., 2000). 

HYDROGEOLOGIC UNITS AND 
HYDRAULIC PROPERTIES

The hydrogeologic units underlying the study area 
consist of the surficial aquifer system, the intermediate 
aquifer system, and the Upper Floridan aquifer. The 
corresponding chronostratigraphic, lithostratigraphic, 
and hydrogeologic units underlying the study area are 
shown in figure 3. Deposits overlying the Tamiami For-
mation or the Hawthorn Group comprise the surficial 
aquifer system. Deposits of the Hawthorn Group and the 
12 Hydrogeologic Framework and Geochemistry of the Interme
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Tamiami Formation form the intermediate aquifer 
system, and the underlying Oligocene and older carbon-
ate rocks compose the Floridan aquifer system. The 
Floridan aquifer system consists of the Upper and Lower 
Floridan aquifers that are separated by a middle confin-
ing unit (Miller, 1986). Each of these aquifer systems 
include one or more water-producing zones separated by 
less-permeable units. The hydrogeologic framework 
described in this report is based on data from the six 
ROMP sites located in the study area (fig.1). 

Surficial Aquifer System

The surficial aquifer system comprises Pliocene 
to Holocene-age, unconsolidated to poorly indurated, 
clastic sediments, and is defined as a permeable unit 
contiguous with land surface (Southeastern Geological 
Society, 1986, p.4). Because of the interbedded nature 
of the clastics forming the surficial aquifer system, 
more than one water-producing zone separated by beds 
of lower permeability may occur in the surficial aquifer 
system. The water-bearing capacity of the surficial 
aquifer system is largely dependent on the grain size, 
sorting, and saturated thickness of the sediments. 
Results by Vacher and others (1992), indicate a relation 
between sediment type and hydraulic properties in the 
surficial aquifer system based on mapped regional 
distribution of selected lithofacies and published 
hydraulic properties for the surficial aquifer system 
(fig. 4). The lithofacies map was constructed from 
trilinear analysis of three general lithologies (end mem-
bers) that include (1) clay (clayey sand), (2) shell (lime-
stone, shelly sand), and (3) sand (fig. 4a). In the study 
area, the surficial aquifer system consists of relatively 
thin, unconsolidated sand, shell, and limestone that 
generally yield small volumes of water to wells. The 
thickness of the surficial aquifer system ranges from 
19 ft at the ROMP 13 site to 69 ft at the ROMP 5 site 
(apps. A through C). The lithofacies in the study area 
span the range from dirty sand (substantial clay con-
tent/low water yield) in parts of De Soto County to 
clean sand (moderate water yield) in southeastern and 
southwestern De Soto County to transition (interbed-
ded/wide range water yield) to shell bed (substantial 
limestone and shell content/high water yield) in south-
western Sarasota and most of Charlotte Counties where 
significant shell facies occur (Vacher and others, 1992). 
A map of published hydraulic conductivities (fig. 4b) 
shows an increase in hydraulic conductivities from 
north to south (Vacher and others, 1992).
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



Hydraulic properties of the surficial aquifer 
system have been estimated from aquifer tests con-
ducted at three of the ROMP sites in the study area. The 
aquifer tests were conducted at the ROMP 5 site in 
north-central Charlotte County, at the ROMP 9 site in 
southeastern Sarasota County, and at the ROMP 12 site 
in south-central De Soto County. The test at the ROMP 
5 site evaluated an 85-ft thick sequence of unconsoli-
dated material including interbedded sand, silt, clay, 
shell, and limestone (Gates, 1997a). At the ROMP 9 site 
a 20-ft thick sequence of sand and shell was tested 
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(Thompson, 1997), and at the ROMP 12 site a 15-ft 
thick sequence of sand and shell was tested. The 
reported values for transmissivity, horizontal hydraulic 
conductivity, and specific capacity were 2,780, 32,900, 
and 752 feet squared per day (ft2/d); 33, 1,490, and 
50 feet per day (ft/d); and 14, 160, and 2 gallons per 
minute per foot of drawdown (gal/min/ft) for ROMP 5, 
9, and 12, respectively. These hydraulic property values 
for the surficial aquifer system generally agree with the 
lithofacies/hydraulic properties delineated by Vacher 
and others (1992) (fig. 4).
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Intermediate Aquifer System

The intermediate aquifer system includes all rock 
units that lie between the overlying surficial aquifer sys-
tem and underlying Upper Floridan aquifer, and gener-
ally coincide with the stratigraphic unit designated as 
the Hawthorn Group. Additionally, the stratigraphy that 
corresponds to the Tamiami Formation is included in 
the intermediate aquifer system either as the upper con-
fining unit or as part of the uppermost water-producing 
zone. Generally, the intermediate aquifer system con-
sists of (a) an upper sandy clay, clay, and marl confining 
unit that separates the upper permeable zones in the 
Tamiami and Peace River Formations from the surficial 
aquifer system; (b) a group of up to three water-produc-
ing zones separated by confining units and composed 
primarily of carbonate and sandy carbonate rocks 
(Tamiami, Peace River and Arcadia Formations); and 
(c) a lower sandy clay to clayey sand confining unit 
overlying the Upper Floridan aquifer (Nocatee Member 
or Undifferentiated Arcadia Formation). 

The occurrence of multiple, discrete permeable 
zones within the stratigraphy composing the intermedi-
ate aquifer system has been documented by previous 
investigators (Sutcliffe, 1975; Joyner and Sutcliffe, 
1976; Wilson, 1977; Wolansky, 1983; Duerr and 
Wolansky, 1986; Miller, 1997; Barr, 1996; and 
Knochenmus and Bowman, 1998). The hydraulic prop-
erties of these zones vary depending on (1) the original 
texture of the sediments and (2) post-depositional 
processes such as dolomitization, recrystallization, 
fracturing, and dissolution. Additionally, interpreta-
tions of borehole geophysical-log data indicate that 
water-producing zones are of limited vertical extent 
and occur at different depths in adjacent boreholes 
(Broska and Knochenmus, 1996). On a regional scale, 
the heterogeneous distribution of carbonate and silici-
clastic sediments makes delineation of water-producing 
zones within the intermediate aquifer system difficult 
to characterize, both in quality and quantity. In the past, 
the zones have been numbered in descending order, 
however, problems arise because equivalent water-
bearing lithologies may not be areally persistent. In this 
report the stratigraphic name, as well as permeable 
zone (PZ) number will be used to designate the discrete 
zones in the intermediate aquifer system because the 
stratigraphic name helps to locate the zone vertically in 
the geologic section. 

Currently, the delineation of the permeable zones 
(apparent water-producing zones) and lower-perme-
ability units separating these zones has been based 
predominately on visual inspection of rock cores 
collected during test drilling of test holes at the ROMP 
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sites. Additional data collected during test drilling 
including water levels, water quality, and specific 
capacity have been used to characterize the hydraulic 
characteristics of the intermediate aquifer system. 
Based on interpretation from test-hole data, two appar-
ent water-producing zones were delineated at the 
ROMP 5 and 9.5 sites and three apparent water-produc-
ing zones were delineated at the ROMP 9, 12, 13, and 
17 sites (apps. B and C). These zones occur in the (a) 
Tamiami/Peace River Formations, referred herein as 
the Tamiami/Peace River zone (PZ1), (b) Upper Arca-
dia Formation, referred herein as the Upper Arcadia 
zone (PZ2), and (c) Tampa Member or Nocatee Mem-
ber of the Lower Arcadia Formation, referred herein as 
the Lower Arcadia zone (PZ3). The Tampa Member 
exists in the northern section (ROMP 9, 9.5 and 17 
sites) but not in the southern section (ROMP 5, 12, and 
13 sites) (figs. 5 and 6). Generally, the carbonate units 
yield substantial volumes of water to wells compared to 
the siliciclastic units. The water-bearing capacity 
ranges over several orders of magnitude. Values for 
transmissivity, horizontal hydraulic conductivity, 
storage, leakance, and specific capacity, are reported in 
Gates (1997b), Thompson (1997), Baldini (1999), 
Clayton (1999), and Gates (SWFWMD, written 
commun., 2000), and listed in table 1.

The Tamiami Formation is present in much of 
southern Florida. The Tamiami Formation is an impor-
tant hydrostratigraphic unit where carbonate rocks are 
the dominant lithology and comprise all or part of the 
Tamiami/Peace River zone (PZ1). Generally, PZ1 is the 
thinnest and least productive zone of the intermediate 
aquifer system. The thickness of PZ1 (where it exists) 
ranges from 24 ft at the ROMP 9 site to 49 ft at the 
ROMP 12 site (apps. B and C). Hydraulic properties of 
PZ1 have been estimated from aquifer tests conducted 
at two of the ROMP sites in the study area. The aquifer 
tests were conducted at the ROMP 9 site in southeast-
ern Sarasota County and at the ROMP 12 site in south-
central De Soto County. The test at the ROMP 9 site 
evaluated a 24-ft thick sequence of sand and limestone 
(Thompson, 1997), and the test at the ROMP 12 site 
evaluated a 49-ft thick sequence of unconsolidated 
material including interbedded dolosilt and dolostone 
(Clayton, 1999). Reported values for transmissivity, 
horizontal hydraulic conductivity, and specific capacity 
were 47 and 5,420 ft2/d; 2 and 102 ft/d; and 2 and 
160 gal/min/ft for ROMP 9 and 12, respectively 
(Thompson, 1997, Clayton, 1999) (table 1). 
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 
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Table 1.  Summary of aquifer test results from selected ROMP sites

[From Gates, 1997; Thompson, 1997; Baldini, 1999; Clayton, 1999; and Gates, SWFWMD, written 
commun., 2000][SAS, surficial aquifer system; PZ2, permeable zone 2 in the Upper Arcadia Forma-
tion; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper Floridan aquifer; Kh, hori-
zontal hydraulic conductivity; T, transmissivity; S, storage coefficient; L, leakance; Q/s, specific 
capacity;  ft, feet; bls, below land surface; ft/d, feet per day; ft2/d, feet squared per day; gpm, gallons 
per minute; --, not determined]

ROMP
site

Hydro-
geologic

 unit

Interval
tested
(ft bls)

T
(ft2/d)

Kh

(ft/d)
S

L
(ft/d/ft)

Q/s
(gal/min/

ft)

ROMP 5 SAS  5 - 85   2,780      33 -- -- 14
PZ2 130 - 230   2,789      14 2.1 x 10-3 3.7 x 10-4 6
PZ3 450 - 600   2,970      20 -- -- 49
UFA 720 - 970   2,610      10 4.1 x 10-1 1.8 x 10-3 6

ROMP 9 SAS  7 - 27 32,900 1,490 -- -- 160
PZ1  40 - 65        47        2 -- 2.3 x 10-5 2
PZ2 122 - 165 24,633        5 2.6 x 10-4 8.2 x 10-4 42
PZ3 190 - 320   6,374      23 2.8 x 10-4 1.7 x 10-3 3
UFA 545 - 860   7,260      23 2.8 x 10-4 5.6 x 10-3 24

ROMP 9.5 PZ3 205 - 331 14,000     111 2.2 x 10-4 3.7 x 10-5 21
UFA 505 - 801   4,870      16 3.0 x 10-4 1.2 x 10-3 12

ROMP 12 SAS 12 - 27      752      50 2.5 x 10-4 2.2 x 10-2 2
PZ1  60 - 110   5,420     102 8.0 x 10-5 5.8 x 10-4 160
PZ2 280 - 409   5,420        9 2.3 x 10-5 1.4 x 10-3 47
PZ3 487 - 710 44,900     201 5.4 x 10-5 -- 32
UFA 725 - 909   7,640      41 3.2 x 10-4 -- 15

ROMP 13 PZ2 282 - 417     258        2 7.6 x 10-5 -- 1
PZ3 510 - 592     766      10 1.1 x 10-4 -- 5
UFA 671 - 786  2,350      21 8.6 x 10-2 -- 3
The Upper Arcadia zone (PZ2) occurs through-
out the study area and consists predominately of lime-
stone and dolostone. The thickness of PZ2 ranges from 
27 at the ROMP 9.5 site to 131 ft at the ROMP 12 site 
(apps. B and C). PZ2 is separated from PZ1 by a clay 
bed within the Peace River Formation. The clay bed is 
thinner in the northern part of the study area (fig. 5) 
than in the southern part (fig. 6). The clay ranges in 
thickness from about 20 to about 60 ft (app. B and C). 
Hydraulic properties of PZ2 vary accordingly with 
lithology and with solution development within the 
limestone and dolomite, more so than to variation in 
thickness (Wolansky, 1983). Hydraulic properties of 
PZ2 were estimated from aquifer tests conducted at 
four of the ROMP sites in the study area (ROMP 5, 9, 
12, and 13). The reported ranges for transmissivity, 
horizontal hydraulic conductivity, and specific capacity 
were 258 to 24,633 ft2/d; 2 to 14 ft/d; and 1 to 
47 gal/min/ft, respectively (table 1). 

The third and lowermost water-producing zone, 
the Tampa Member or Nocatee Member of the Lower 
Arcadia Formation, occurs throughout the study area 
and consists of limestone and dolostone with varying 
amounts of interbedded siliciclastics. Both the Tampa 
and Nocatee Members occur stratigraphically below 
the first occurrence of the Arcadia Formation. The 
thickness of the Lower Arcadia zone (PZ3) ranges from 
57 at the ROMP 13 site to 234 ft at the ROMP 12 site 
(apps. B and C). The hydraulic properties of PZ3 are 
more variable than overlying zones, and probably are 
related to the degree of solution development within 
the limestone and dolomite beds. Typically, PZ3 is the 
most productive zone in the intermediate aquifer sys-
tem. Hydraulic properties of PZ3 were estimated from 
aquifer tests conducted at five of the ROMP sites. The 
reported ranges for transmissivity, horizontal hydraulic 
conductivity, and specific capacity were 766 to 
44,900 ft2/d; 10 to 201 ft/d; and 3 to 49 gal/min/ft, 
respectively (table 1.)

Upper Floridan Aquifer

The Upper Floridan aquifer consists of a thick 
carbonate sequence that includes all or part of the 
Paleocene- to Oligocene-age rocks. The Upper 
Floridan aquifer contains one or more water-producing 
zones separated by less-permeable units. Generally, the 
permeability of the Upper Floridan aquifer is very high 
in parts of the Avon Park Formation, somewhat lower 
in the Suwannee Limestone, and lowest in the Ocala 
Limestone. Hydraulic properties have been estimated 
from aquifer tests conducted at five of the ROMP sites 
Hydrogeologic Units and Hydraulic Properties 17



(ROMP 5, 9, 9.5, 12, and 13). Aquifer test data are 
presented for wells that penetrated only the Suwannee 
Limestone. Reported ranges for transmissivity, hori-
zontal hydraulic conductivity, and specific capacity 
were 2,350 to 7,640 ft2/d; 10 to 41 ft/d; and 3 to 
24 gal/min/ft, respectively (table 1). The relatively low 
hydraulic property values reported for the Suwannee 
Limestone indicate that a substantial water-producing 
zone was not penetrated in the Suwannee Limestone.

Confining Units

In the study area, confining units separating 
water-producing zones and aquifers consist of clay and 
low permeability carbonates (app. C). Hydraulic prop-
erties of the confining units range more than two orders 
of magnitude and vary with lithology and thickness. 
Leakance of the confining units was estimated from 
aquifer tests conducted by SWFWMD at the ROMP 5, 
9, 9.5, and 12 sites, and is affected by heterogeneity and 
anisotropy of the aquifer system. The leakance values 
published by SWFWMD (Gates, 1997; Thompson, 
1997; Baldini, 1999; Clayton, 1999; and Gates, 
SWFWMD, written commun., 2000), expressed in 
units of feet per day per foot (ft/d/ft) are:

Generally, the largest and smallest values of 
leakance are for the confining unit separating the Upper 
Floridan aquifer from the lowermost permeable zone in 
the intermediate aquifer system, and the confining unit 
separating the surficial aquifer system from the upper-
most permeable zone in the intermediate aquifer 
system, respectively. Leakance of the confining units 
was calculated using analytical models with limiting 
assumptions. Many of these assumptions may be 
violated when applied to the heterogeneous aquifer 
systems. Therefore, reported leakance values may not 
accurately quantify flow across confining units, 

1UFA:PZ3
(ft/d/ft) 

1 Confining unit between Upper Floridan aquifer (UFA) and Lower 
Arcadia zone (PZ3)

2PZ3:PZ2
(ft/d/ft)

2 Confining unit between Lower Arcadia zone (PZ3) and Upper 
Arcadia zone (PZ2)

 3PZ2:PZ1
(ft/d/ft)

3 Confining unit between Upper Arcadia zone (PZ2) and Tami-
ami/Peace River zone (PZ1)

4PZ1:SAS
(ft/d/ft)

4 Confining unit between Tamiami/Peace River zone (PZ1) and surfi-
cial aquifer system (SAS)

na - not available

ROMP 5 1.8 x 10-3  na na 3.7 x 10-4

ROMP 9 5.6 x 10-3 1.7 x 10-3 8.2 x 10-4 2.3 x 10-5

ROMP 9.5 1.2 x 10-3 3.7 x 10-5 1.4 x 10-3 5.5 x 10-4

ROMP 12 na 1.4 x 10-3 5.8 x 10-4 2.2 x 10-2
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especially where the aquifer is known to receive leak-
age from underlying, overlying, and/or internal 
sources. 

A check was made using a form of Darcy’s Law 
to test the reasonableness of the leakance values for the 
confining units computed from analytical analysis of 
aquifer test data. Darcy’s Law was formulated as:

L = (q/365)/h,

where
L is leakance of the confining bed, in feet per 

day per foot (ft/d/ft),
q is annual leakage across confining bed, in feet 

per year (ft/yr), and
h is head difference across confining bed, in 

feet (ft).

Figure 7 shows a graph of the empirical relations 
between leakance, head differences, and annual leakage 
(leakage values expressed in units of inches per year 
(in/yr)). The shaded area of the graph corresponds to the 
observed head differences in September 1998 (less than 
1 to 12 ft) and the range in leakage (less than 1 to 3 in/yr) 
between hydrogeologic units derived from numerical 
simulations of ground-water flow of the study area 
(Wolansky, 1983, Ryder, 1985, and SWFWMD, 1994). 
Also shown on figure 7 are the leakance values of the 
confining units derived for each ROMP site using ana-
lytical methods and the leakance values derived for 
ROMP 9.5 using numerical analysis. The graph shows 
that most of the leakance values derived from analytical 
analysis of aquifer test data are in excess of 8 in/yr and 
more than twice the rate (less than 1 to 3 in/yr) indicated 
from numerical simulation results. This test using 
Darcy’s Law indicates that most of the analytically 
derived leakance values are probably too high. 

Ground-Water Flow Patterns

Ground-water flow patterns in the intermediate 
aquifer system were evaluated using water-level data 
collected from a network of wells distributed across the 
study area and adjacent areas. Ground-water levels are 
measured and mapped semi-annually in May and Sep-
tember, to depict the seasonal changes in head distribu-
tion and ground-water flow patterns in the intermediate 
aquifer system and the Upper Floridan aquifer. Vertical 
flow potentials were evaluated using water-level data 
collected from wells open to discrete depths at a single 
monitor well site. Generally, lateral head differences are 
relatively small compared to vertical head differences.
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 
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Potentiometric-surface maps of the Upper 
Arcadia zone (PZ2) and the Lower Arcadia zone (PZ3) 
(figs. 8a, b; table 2), and the Upper Floridan aquifer 
(fig. 8c) were prepared using data collected in Septem-
ber 1998. Regional ground-water flow in the interme-
diate aquifer system is generally westerly toward the 
Gulf of Mexico. Regional flow patterns in PZ3 of the 
intermediate aquifer system are similar to patterns in 
the Upper Floridan aquifer (fig. 8). Flow patterns in 
PZ2 of the intermediate aquifer are generalized due to 
a lack of spatial resolution and are more westerly than 
those in PZ3 or the Upper Floridan aquifer. In the study 
area, ground-water inflow to the intermediate aquifer 
system primarily occurs as upward leakage from the 
underlying Upper Floridan aquifer rather than lateral 
flow through the intermediate aquifer system or 
recharge from the surficial aquifer system. The relative 
contribution of water from each of the aquifer systems 
is supported by geochemical data and discussed in later 
sections of this report. Only minor quantities of inflow 
are contributed from upgradient inland areas, and little 
if any ground-water inflow to the intermediate aquifer 
system is contributed from the surficial aquifer system.
Figure 7.  Range of leakance values estimated for confining units at the ROMP 5, 9, 9.5, and 12 sites.
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Table 2.   Information on selected observation wells open to the
 Upper Arcadia zone (PZ2) and Lower Arcadia zone (PZ3) 

within the intermediate aquifer system

[PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; CHA, Charlotte; DES, De Soto; HAR, 
Hardee; SAR, Sarasota; --, unknown]

Site
identification

number
Name

Hydrogeologic
unit

County
Casing
(feet)

Depth
(feet)

Water level
September 98

(feet)1

265004081581901 Ch-311 Mid Htrn Well PZ2 CHA -- 220 26.08

265017082153701 USGS Htrn Well 8 At Placida PZ3 CHA 346 413 17.90

265531082194804 Romp TR 3-3 Htrn Well Nr Englewood PZ3 CHA 370 410 20.00

265531082194805 Romp TR 3-3 Upper Hawthorn Nr Lemon High School PZ2 CHA 155 175 13.00

265638082130705 Romp TR 3-1 Htrn Well Nr El Jobean PZ3 CHA 380 400 30.81

265644081483303 Romp 5-MW 3-IAS-LPZ PZ3 CHA 450 600 50.86

265644081483304 Romp 5-MW2-IAS-UPZ PZ2 CHA 130  230 35.53

265646081554501 USGS Tuh Well C-5 Nr Punta Gorda PZ2 CHA 194 280 23.80

265837081561101 Romp 11 Htrn Well Nr Punta Gorda PZ2 CHA 220 335 35.90

271757081493003 Romp 26 Htrn Well Nr Gardner PZ2 DES 140 180 46.09

270225081443304 Romp 12-INT-L Arcadia Well near Arcadia (Well #4) PZ2 DES 280 409 48.65

270225081443304 Romp 12-INT-L Nocatee Well #5 near Arcadia PZ3 DES 505 705 49.40

270418081365803 ROMP 13-MW3  IAS LPZ PZ3 DES  514 592 52.27

270418081365804 ROMP 13-MW2 - INT-UPZ PZ2 DES 282 417 51.47

270540082001102 Gen. Dev. Htrn Well T-2 Nr Ft, Ogden PZ3 DES 393 496 45.61

270737082025001  ROMP 9.5 - MW18 PZ2 DES 60 77 38.17

270737082025002 ROMP 9.5 - MW2 PZ3 DES 205 330 43.43

271026081583604 Romp 17 Htrn Well Nr Arcadia PZ3 DES 200 240 43.15

271115081462702 Romp 16 Htrn Well Nr Arcadia PZ3 DES 300 340 49.13

271308081522601 City Of Arcadia Htrn Well 2 At Arcadia PZ3 DES 263 372 46.97

272038081530701 Limestone Land Int Well At Limestone PZ2 HAR 126 235 41.02

272108081582601 Hollingsworth Int Well Nr Limestone PZ3 HAR 146 335 31.17

272714081545902 Romp 31 Htrn Well Nr Ona PZ3 HAR 130 350 43.19

272728081474702 Romp 30 Tamp Well Nr Zolfo Springs PZ3 HAR 280 316 47.86

273435081444001 R. Henderson Htrn Well Nr Wauchula PZ3 HAR 105 293 64.26

273555081403001 John White Htrn Well Nr Wauchula PZ3 HAR 63 270 89.19

265710082205101 Englewood Wd HTRN PZ2 SAR 152 310 12.86

270137082235301 Manasota Deep Well 14 Nr Englewood PZ3  SAR 263 305 20.02

270420082230503 Venice Gardens Htrn Well Nr Venice PZ3 SAR 200 400 20.11

270432082085709 Romp 9  (MW4) - Lower Intermediate Monitor,
near Northport, Sarasota 

PZ3 SAR 194 320 43.65

270808082270503 Romp TR 5-1 Htrn Well At Laurel PZ3 SAR 275 289 9.20

270919082234203 Romp TR 5-2 Lower Htrn Well Nr Laurel PZ3 SAR 245 365 23.93

271134082092201 Big Slough Tuh Well Nr Arcadia PZ2 SAR 78 100 29.69

271137082284502 Romp 20 LHtrn Well At Osprey PZ3 SAR 50 370 16.15

271137082284503 Romp 20 TUH Well PZ2 SAR 75 125 0.40

271601082330501 Romp TR 6-1 Htrn Well Nr Sarasota PZ3 SAR 300 315 8.15

271813082201303 Romp 22 - Lower INT Well ,Hi Hat Ranch
near Fruitville

PZ3 SAR 230 260 20.62

1Altitude above mean sea level.
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 The study area is primarily an area of upward-
flow potential except near the ROMP 13 site in the 
southeastern part of De Soto County (fig. 9), where a 
downward head difference occurs between the aquifer 
systems. Areas of discharge from the Upper Floridan 
aquifer occur in the river valleys and in areas of low 
topographic relief. In river valleys, upward discharge is 
the result of decreased heads in the shallower aquifers. 
22 Hydrogeologic Framework and Geochemistry of the Interme
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Figure 9.   Head differences among aquifers, area of artesian flow, and thickness of confining units, September 1998.
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occurs between the surficial aquifer system and PZ2, 
while an upward head difference occurs for the other 
hydrogeologic units.

Head differences generally were small between 
the Upper Floridan aquifer and PZ3, and moderate 
between PZ3 and PZ2, and between PZ2 or PZ1 and the 
surficial aquifer system (fig. 9). Localized head-differ-
ence reversals, however, can occur in response to local 
ground-water withdrawals. Aquifer test data collected 
at the ROMP sites indicate that relatively large draw-
downs in pumped wells (20 to 50 ft) can occur when the 
intermediate aquifer system is stressed, resulting in 
localized head-difference reversals between the Upper 
Floridan aquifer and the intermediate aquifer system.

Although a regional flow system can be mapped 
for the intermediate aquifer system, the depth and extent 
of ground-water flow paths within each of the perme-
able zones in the intermediate aquifer system are not 
well understood or known, and locally, flow may be 
opposite of the regional flow pattern. The juxtaposition 
of heterogeneous sediments within the intermediate 
aquifer system results in lateral discontinuities (perme-
able zone pinches out or is discontinuous) and variable 
locations of water-producing zones that probably pro-
duce multi-scale flow fields within the aquifer system. 
For example, at the same geographic location, water 
levels in wells penetrating the surficial aquifer system, 
the intermediate aquifer system, and the Upper Floridan 
aquifer may reflect different hydrologic conditions such 
as recharge, flow through, or discharge conditions. 
Freeze and Cherry (1979) have shown that stratigraphic 
layering of sediments with permeability contrasts (geo-
logic heterogeneity) can have profound effects on the 
regional flow system. Subsurface variations in horizon-
tal hydraulic conductivity can create multi-scale flow 
fields and affect the relation between local and regional 
ground-water flow, areas of recharge and discharge, and 
the quantities of flow discharged through the aquifer 
systems (Freeze and Cherry, 1979, p. 197). 

Hydraulic Connection Between 
Hydrogeologic Units

Drilling and testing indicate that the hydraulic 
connection between the surficial aquifer system, per-
meable zones of the intermediate aquifer system, and 
the Upper Floridan aquifer is variable in the study area. 
Water levels in some wells respond rapidly to pumping 
from overlying and underlying aquifers whereas other 
wells seem to have little or no response to pumping 
when one or more aquifers are stressed. The degree of 
hydraulic connection is related to the presence and 
thickness of clay and dolosilt beds composing the con-
fining units; however, facies changes and karstification 
may result in local hydraulic connection with overlying 
and underlying aquifers. Effective hydraulic coupling 
is indicated by small head differences among aquifers, 
high leakance values, and rapid drawdowns in adjacent 
aquifers when one or the other is stressed. 

Generally, a hydraulic connection exists between 
the Upper Floridan aquifer and the Lower Arcadia zone 
(PZ3). The two zones are probably connected locally 
by fractures or other zones of preferential flow. Thick-
ness of the intervening confining unit averages about 
125 ft and ranges from 20 ft at the ROMP 12 site to 
225 ft at the ROMP 9 site (fig. 9; apps. B and C). 
Relatively small head differences are observed 
between the two zones (fig. 10). Head differences 
between the two hydrogeologic units averaged about 
2 ft in September 1998 and ranged from less than 1 ft at 
the ROMP 5, 9, and 13 sites to 5 ft at the ROMP 17 site 
(fig. 10). Leakage across the intervening confining unit 
is low and ranges from less than 1 to 3 in/yr (Wolanksy, 
1983, Ryder, 1985, and Southwest Florida Water Man-
agement District, 1994). Aquifer testing conducted on 
PZ3 and on the Suwannee Limestone of the Upper 
Floridan aquifer indicated, generally, a hydraulic 
response when either unit was stressed, indicating 
hydraulic connection between units. One exception is 
at the ROMP 9 site, where no water-level response was 
recorded in observation wells in the overlying or under-
lying unit when one or the other unit was stressed. The 
confining unit separating these units is thickest at the 
ROMP 9 site and consists of a sequence of low-perme-
ability units (apps. B and C) that probably restrict the 
hydraulic connection between zones at this site. A sec-
ond exception is at ROMP 9.5, where no water-level 
response was recorded in the Upper Floridan aquifer 
observation wells when PZ3 was pumped; however, a 
delayed response was recorded in the PZ3 observation 
wells when the Upper Floridan aquifer was stressed. At 
the ROMP 12, 13, and 17 sites, monitor wells are open 
to both the intermediate aquifer system and the Upper 
Floridan aquifer (figs. 5 and 6). The open-hole intervals 
penetrate a contiguous sequence of carbonates that 
comprises the Nocatee Member/Lower Arcadia Forma-
tion and Suwannee Limestone, and the hydrogeologic 
units are probably hydraulically coupled at these sites. 
Hydrogeologic Units and Hydraulic Properties 23
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Hydraulic data indicate little hydraulic connec-
tion between PZ3 and PZ2, probably due to the thick-
ness and low permeability of sediments separating the 
two zones. Thickness of the intervening confining unit 
averages more than 100 ft and ranges from 30 ft at the 
ROMP 9 site to 249 ft at the ROMP 5 site (fig. 9; apps. 
B and C). Moderate head differences are observed 
between the two units (fig. 10). Head differences 
between the two hydrogeologic units averaged about 
5 ft in September 1998 and ranged from less than 1 ft at 
the ROMP 13 site to 12 ft at the ROMP 9 site (fig. 10). 
Leakage across the intervening confining unit is low, 
about 1 in/yr (Wolanksy, 1983). Aquifer testing con-
ducted on PZ3 and PZ2 indicated little or no water-
level response when one or the other zone is stressed, 
suggesting hydraulic separation between the units. 

Little hydraulic connection exists between the 
surficial aquifer system and either PZ1 or PZ2, proba-
bly because of a relatively thick clay unit separating the 
two zones. Thickness of the intervening confining unit 
averages about 100 ft, ranging from 36 ft at the ROMP 
9.5 site to 201 ft at the ROMP 12 site (fig. 9; apps. B 
and C). Head differences between the two hydrogeo-
logic units averaged about 4 ft in September 1998, 
ranging from about 3 ft at the ROMP 5 and 9.5 sites to 
about 8 ft at the ROMP 13 site (fig. 10). Leakage across 
the intervening confining unit is low, in the range of 
1 in/yr (Wolanksy, 1983). Aquifer test results indicated 
no water-level response in the monitored unit when the 
surficial aquifer system, PZ1 or PZ2 were pumped, 
suggesting hydraulic separation between the units. 

HYDRAULIC CHARACTERISTICS AT THE 
ROMP 9.5 SITE

Hydraulic characteristics of permeable zones 
and confining units at the ROMP 9.5 site were quanti-
fied using permeameter tests on cores, short-term 
withdrawal tests (specific-capacity tests), and long-
term withdrawal tests (aquifer tests). In addition, an 
initial quantification of permeability was determined 
from visual inspection of core samples. In consolidated 
materials and/or rock cores, low porosity is presumed 
to be an indicator of low permeability whereas high 
porosity is presumed to be associated with high 
permeability. This qualitative indication is consistent 
with observations of the core. Most cores obtained 
from the ROMP 9.5 site exhibit some visual degree of 
permeability. 
Core Analysis

Based on visual inspection, 10 cores, each 3-
6 inches long, were selected for laboratory testing of 
hydraulic properties. The cores were selected to be 
representative of both permeable and confining units 
within the intermediate aquifer system and the Upper 
Floridan aquifer (Gates, 1998a). Values for porosity 
and vertical hydraulic conductivity (Kv) were deter-
mined by the FGS and are shown in figure 11 and 
table 3. 

Laboratory analyses indicate that hydraulic 
properties determined from cores are highly variable, 
indicative of the variable nature of the sedimentary 
units. The vertical hydraulic conductivities and 
porosity values are generally highest in the confining 
units and lowest in the permeable units. Bulk porosity 
values were highly variable within confining materials 
in selected hydrogeologic units ranging from 28 to 52 
percent (fig. 11, table 3). Kv ranged from 1.124 x 10-4 
to 3.818 x 10-2 feet per day (ft/d) (fig. 11; table 3). 

The vertical hydraulic conductivity values deter-
mined from cores are much lower than values deter-
mined from standard aquifer tests, and are related to the 
difference in scale between core samples and aquifer 
matrix. Fractures, cavities, and preferential pathways 
play a major role in conducting water to a pumped well, 
whereas only the properties of the rock for a discrete 
interval itself were measured in the laboratory. There-
fore, the vertical hydraulic conductivity determined 
from the laboratory data should be used cautiously and 
only in a relative sense. 

 Specific-Capacity Tests

Specific capacities of selected intervals of the 
intermediate aquifer system and the Upper Floridan 
aquifer at the ROMP 9.5 site were determined during 
drilling of the test hole. Specific capacity can be used 
to evaluate the productivity of various intervals. Packer 
equipment was used to isolate and pump 12 bottom-
hole intervals as drilling progressed. Values of specific 
capacity ranged from 0.02 to 0.55 (gal/min)/ft (table 4), 
indicating that productivity of specific zones within the 
intermediate aquifer system is relatively low and 
highly variable. Generally, the highest specific capacity 
is associated with producing zones and the lowest 
specific capacity is associated with confining units. 
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Aquifer Tests

Two aquifer tests were conducted at the ROMP 
9.5 site to estimate hydraulic properties of the interme-
diate aquifer system and the Upper Floridan aquifer. 
The first test was conducted on the Lower Arcadia zone 
(PZ3) from January 12-15, 1998, for 2.77 days 
(3,990 minutes). The second test was conducted on the 
Suwannee Limestone (Upper Floridan aquifer) from 
February 2-3, 1998, for 1 day (1,440 minutes). Aquifer 
test data were analyzed using both analytical and 
numerical techniques. 
26 Hydrogeologic Framework and Geochemistry of the Interme
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Test Design and Implementation

A plan view and construction records of the pro-
duction and observation wells for the aquifer tests con-
ducted at the ROMP 9.5 site are shown in figure 12. 
Water levels were measured continuously in selected 
wells for background, withdrawal, and recovery peri-
ods of the tests. The data were collected using pressure 
transducers connected to a digital data logger. Addi-
tional water-level measurements were made manually 
to verify data logger water-level data. 
Figure 11.  Hydraulic data collected during coring and testing at the ROMP 9.5 site.
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



Table 3.  Porosity and hydraulic conductivity of confining ma
terial in selected hydrogeologic units at the ROMP 9.5 

exploratory borehole, De Soto County, Florida

[Bulk porosity calculations and falling-head permeameter tests were conducted on cores collected from the exploration borehole between June and 
August, 1997, by the Florida Geological Survey, Tallahassee, Florida; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in 
the Lower Arcadia Formation; UFA, Upper Floridan aquifer; --, no data]

Core interval below 
land surface 

(feet)
Hydrogeologic unit

Porosity, 
bulk

(percent)

Hydraulic
conductivity 

(feet/day)

Comments for permeameter tests 
(hydraulic conductivity)

64.0 - 64.8 Upper Arcadia zone (PZ2),
confining material

33 9.402 x 10-4 Average of three tests

100.7 - 101.2 Confining unit between PZ2 
and PZ3

52 -- Sample fractured. Test not run

148.7 - 149.1 Confining unit between PZ2 
and PZ3

40 1.672 x 10-4 One test. No flow

195.7 - 198.0 Confining unit between PZ2 
and PZ3

29 1.682 x 10-4 One test. Saturated, but no flow

257.6 - 258.0 Lower Arcadia zone (PZ3),
confining material

28 1.751 x 10-4 One test. No flow

337.3 - 337.7 Confining unit between PZ3 
and UFA

34 2.474 x 10-2 Average of three tests

361.5 - 361.9 Confining unit between PZ3 
and UFA

39 3.095 x 10-2 Average of three tests

388.3 - 388.7 Confining unit between PZ3 
and UFA

33 1.124 x 10-4 One test. No flow

464.2 - 464.6 Confining unit between PZ3 
and UFA

38 3.818 x 10-2 Average of three tests. Minor fractures 
developed. About 1-centimeter thick 
core broken off

500.8 - 501.1 Upper Floridan aquifer, 
confining material

33 3.333 x 10-4 One test. No flow
Table 4.  Specific capacity of selected hydrogeologic units estimated by packer tests at the ROMP 9.5 exploratory 
borehole, De Soto County, Florida

[PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper Floridan aquifer]

Open-hole interval below 
land surface

(feet)
Hydrogeologic unit

Specific capacity
(gallons per 
minute/foot)

Discharge (gallons per 
minute)/

drawdown (feet) 1

Duration of test 
(minutes)

80 - 128 Confining unit between PZ2 and PZ3 0.16 5/31 60

148 - 168 Confining unit between PZ2 and PZ3 2 0.10 1/90 28

188 - 208 Confining unit between PZ2 and PZ3 0.07 5/70 20

205 - 228 Lower Arcadia zone (PZ3) 0.33 5/15 10

245 - 268 Lower Arcadia zone (PZ3) 0.28 4/14 10

293 - 308 Lower Arcadia zone (PZ3) 0.50 5/10 8

331 - 348 Confining unit between PZ3 and UFA 0.12 3/25 8

348 - 368 Confining unit between PZ3 and UFA 0.02 3/140 50

388 - 398 Confining unit between PZ3 and UFA 0.02 3/108 50

413 - 468 Confining unit between PZ3 and UFA 0.09 4/42 20

448 - 468 Confining unit between PZ3 and UFA 0.11 5/42 15

493 - 513 Upper Floridan aquifer 0.55 5/9 5

1Discharge decreased during pumping; estimated value is maximum discharge at start of pumping.
2Specific capacity unreliable, but low permeability is estimated.
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Figure 12.  Location of study area, plan view, and description of wells at the ROMP 9.5 test site.
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The production wells were pumped using a 
shaft-driven turbine pump powered by a diesel engine. 
Water from the production wells was discharged to 
connecting PVC piping through a totalizing flow-thru 
meter, collapsible hose, and finally through a pipe-
orifice plate manometer apparatus. All water was 
discharged into a shallow ditch about 100 ft from the 
production wells. Flow rates were recorded using a 
flow-thru meter and orifice-plate manometer 
apparatus. 

The Lower Arcadia zone (PZ3) was stressed at 
an average discharge rate of 425 gallons per minute 
(gal/min) and water levels were measured in the pro-
duction well and 16 observation wells during the test 
and during a 7-day recovery period. Water levels for 
background, withdrawal, and recovery periods of the 
test for 7 of the 16 observation wells (MW1, MW3, 
MW4, MW6, MW7, MW8, and MW9) are shown in 
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figure 13. Diurnal water-level fluctuations of less than 
0.2 foot were observed in the production and observa-
tion wells leading into both the PZ3 and Upper 
Floridan aquifer tests. The diurnal fluctuations were 
considered negligible and no water-level corrections 
were made. 

The Suwannee Limestone of the Upper Flori-
dan aquifer was stressed at an average discharge rate 
of 797 gal/min, and water levels were measured in the 
production well and seven observation wells during 
the test and during a recovery period. Water levels for 
background, withdrawal, and recovery periods of the 
test for the pumped well (MW1) and the seven obser-
vation wells (MW2, MW5, MW6, MW7, MW15, 
MW17, and MW18) are shown in figure 14. At about 
110 minutes after pumping began, a discharge control 
valve briefly closed and a temporary recovery of 
about 40 ft occurred in the production well. Also, 
DATE

:
00 to
830

Upper Floridan aquifer well MW6

Confining unit between
PZ2 and PZ3 (Well MW9)

Surficial aquifer system
well MW3

1/15/98 1/17/98 1/19/98
Figure 13.  Water levels in selected observation wells for background, withdrawal, and recovery periods 
for the Lower Arcadia zone (PZ3) aquifer test at the ROMP 9.5 site.
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offsite pumpage apparently affected water levels in 
PZ2 well MW18, in PZ3 well MW2, and in the confin-
ing unit wells MW7, MW15, and MW17. The location 
and pumping rate of the offsite well or wells are 
unknown, and therefore, estimation of the hydraulic 
properties of the confining units was not attempted for 
this test. This unknown pumpage from an offsite 
well(s) did not produce drawdowns in the Upper 
Floridan aquifer observation wells.

Analytical Analysis of Aquifer Tests

Three analytical methods were used to analyze 
the tests conducted at the ROMP 9.5 site. The methods 
selected to analyze the tests are: (1) the Hantush (1960) 
modified leaky method, (2) the Jacob (1946) steady-
state method, and (3) the Neuman and Witherspoon 
(1972) ratio method. The methods use the concept of an 
artesian aquifer overlain by leaky confining units and 
assume a homogeneous isotropic aquifer of uniform 
thickness and infinite areal extent. Many of the inher-
ent assumptions of the methods are not met, or were 
only partially satisfied at the ROMP 9.5 site because 
the aquifer system at this site is heterogeneous and 
anisotropic. All of the methods apply curve-matching 
techniques. Detailed procedures for application of the 
analytical methods are described in Kruseman and de 
Ridder (1991). Even though aquifer test data can be fit 
to a type curve from one of the idealized models, there 
is no guarantee that the aquifer system satisfies the 
assumption on which the type curve was developed 
(Wolansky and Corral, 1985). 

Hantush (1960) Modified Leaky Method

The Hantush (1960) modified leaky method can 
be applied to aquifers with leaky confining units. The 
analytical solution accounts for water leaking into the 
aquifer being pumped from confining beds, and for 
the effects of water coming out of storage in the con-
fining beds. Mass plots of drawdown data are plotted 
on logarithmic paper in relation to time since pump-
ing started divided by the square of the radial distance 
between the observation well and the pumped well 
(fig.15). The resulting drawdown curves are superim-
posed on the family of type curves of the function 
W (u, B) verses 1/u. Parameter estimation was facili-
tated by the use of an automatic curve matching pro-
gram AQTESOLV (HydroSOLVE, Inc., 1996). The 
program uses a nonlinear weighted least-squares 
parameter estimation algorithm to match type curves 
to time-drawdown data. Results of the test analysis 
are shown in figure 15 and listed in table 5.

Jacob (1946) Leaky Artesian Method

The Jacob (1946) leaky artesian method also can 
be applied to aquifers with leaky confining units. The 
application of the method assumes steady-state flow 
near a well discharging at a constant rate for a leaky 
confined aquifer, and uses a graphical method for 
determining transmissivity of the aquifer and the 
leakance of the confining bed. Data from the Lower 
Arcadia zone (PZ3) test indicate that a relatively 
steady-state condition had been reached by the end of 
the withdrawal phase of the test. For this test, the 
steady-state drawdown in each observation well is plot-
ted on logarithmic paper in relation to distance of the 
observation well to the pumped well (fig. 16). The data 
then are matched to the Bessel function logarithmic 
type curve Ko (x) versus x with its tabular values given 
in Ferris and others (1962, table 4). The common match 
points and resulting aquifer and confining unit hydrau-
lic coefficients are shown in figure 16 and listed in 
table 5. 

Table 5.  Summary of aquifer test results for the ROMP 9.5 
site using analytical analysis 

[PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper 
Floridan aquifer; T, transmissivity; S, storage coefficient; K′Ss′, leakance 
characteristic of confining bed; K′/b′, leakance coefficient of confining 
bed; K′/Ss′, vertical hydraulic diffusivity of confining beds; d, days; ft, feet; 
ft/d, feet per day; ft2/d, feet squared per day; --, not determined

Method of 
analysis

Aquifer charac-
teristics

Confining unit characteristics

T
(ft2/d)

S
1K′Ss′ 
(d-1) 

1Leakance values, derived from the PZ3 aquifer test, incorporate the 
effects of upward and downward leakage.

1K′/b′  

(ft/d/ft)
K′/Ss′
(ft2/d)

Hantush 
(1960)

    PZ3 10,000 1.3 x 10-4 1.1 x 10-6 -- --

    UFA   4,300 2.8 x 10-4 4.6 x 10-6 -- --

Jacob (1946)

    PZ3 11,800 -- -- 1.9 x 10-4 --

    UFA -- -- -- --

Neuman and 
Wither-
spoon 
(1972)

-- -- -- -- 2130 to 274 

2Value is for the interval from 190 to 206 feet below land surface.
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Figure 15.  Analysis of data from the Lower Arcadia zone (PZ3) and Upper Floridan aquifer tests at the ROMP 9.5 site using 
the Hantush (1960) method.
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Neuman and Witherspoon (1972) Ratio Method

Neuman and Witherspoon (1972) developed a 
technique for determining the hydraulic diffusivity 
(K′/S′s) of the confining unit by analyzing the hydrau-
lic response measured in a confining unit to that in the 
aquifer at the same time and at the same radial distance 
from the pumped well. A ratio of the drawdowns in the 
confining unit to the pumped aquifer (s′/s) is plotted on 
logarithmic paper in relation to time (t) since pumping 
started (fig 17). The appropriate ratio method tD type 
curve (fig.18) to which the ratio data are matched is 
determined, as shown in the figures, by using the esti-
mates of aquifer transmissivity and storage coefficient. 
Results of the test analysis are shown in figure 17 and 
table 5.

Numerical Analysis of Aquifer Tests

Numerical simulation of the aquifer test data 
provided an alternative method for determining 
hydraulic properties of the intermediate aquifer system 
and the Upper Floridan aquifer. The USGS model, 
MODFLOW (McDonald and Harbaugh, 1988), was 
used in a radial mode to simulate the water-level 
changes in observation wells. MODFLOW uses a 

T = (Q/6.28 s) Ko(r/B) = [81,813 / 6.28(1.1)] 1.0 = 11,843 ft /d
2

K’/b’ = T(r/B) / r = (11,843) (0.01) /(80) = 1.9 x 10 ft/d/ft
2 2 2 2 - 4
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Figure 16.  Analysis of data from the Lower Arcadia zone 
(PZ3) aquifer test at the ROMP 9.5 site using the Jacob 
(1946) method.
block-centered finite-difference approach to solve 
partial differential equations governing ground-water 
flow. Parameter estimation was facilitated by a param-
eter-estimation program (Halford, 1992). The parame-
ter-estimation procedure uses a minimization of the 
sum of squared residuals (SS) between observed and 
simulated heads; the procedure is based on a modified 
Gauss-Newton method (Gill and others, 1981). The SS 
is defined as:

SS(x) = [(hks–hkm)]2, (1)

 where
hks is the kth simulated water level, in feet;

hkm is the kth measured water level, in feet; and
n is the number of water-level comparisons. 
Although the SS serves as the objective function 

(measure of model fit), the root-mean-square error 
(RMSE) is reported because it is more directly compa-
rable to actual values and serves as a composite of the 
average and the standard deviation of a set. RMSE is 
related to the SS by

 RMSE = (SS/n)0.5, (2)

The hydrogeologic system underlying the ROMP 
9.5 site is conceptualized as a multi-layered system con-
taining discrete water producing zones separated by 
leaky confining units. Hydraulic properties of the 
hydrogeologic units at the ROMP 9.5 site were esti-
mated from drawdown data by using the numerical 
model to match simulated water-level changes to mea-
sured water-level changes in observation wells, above, 
below, and within the pumped zones. Data from the two 
aquifer tests, the 2.77-day test of the Lower Arcadia 
zone (PZ3), and the 1-day test of the Upper Floridan 
aquifer were combined into one simulation routine to 
increase overall confidence in the optimization results. 
The system was allowed to recover 97 days after cessa-
tion of the initial 2.77-day pumping scenario to elimi-
nate residual drawdown effects from the initial test. 
Hydraulic properties of the surficial aquifer system, the 
uppermost confining unit in the intermediate aquifer 
system, and the Upper Arcadia zone (PZ2) were speci-
fied and not estimated. These specified hydraulic 
property values were obtained from aquifer test results 
conducted at other sites. The model, however, was 
found to be insensitive to these parameters.

k 1=

n

∑
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Figure 17.  Analysis of data from the Lower Arcadia zone 
(PZ3) aquifer test at the ROMP 9.5 site using the Neuman-
Witherspoon (1972) method.
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The numerical model was constructed using a 
radial-model grid with seven layers to represent the 
hydrogeologic framework underlying ROMP 9.5 
(fig. 19). The model consisted of 28 variable-width rows 
in the vertical direction and 85 variable-width columns 
in the radial direction. The model dimensions represent 
500,000 ft horizontally and 800 ft vertically. Figure 19 
shows only the model grid for the first 1,000 ft from the 
pumping wells. The top, bottom, outer radial edge, and 
the cased interval above the simulated production wells 
were assigned no-flow boundaries. The radial grid spac-
ing is accomplished beginning with a 0.5-ft wide ring at 
the production well, with successive rings being 
1.187 times wider than the previous ring. 
Hydraulic Characteristics at the ROMP 9.5 Site 35



0

1
0

0

2
0

0

3
0

0

4
0

0

5
0

0

6
0

0

7
0

0

8
0

0

1

R
A

D
IA

L
D

IS
T
A

N
C

E
F

R
O

M
P

U
M

P
E

D
W

E
L

L
S

,
IN

F
E

E
T

DEPTHBELOWLANDSURFACE,INFEET

M
W

2

M
W

1
M

W
5

M
W

7

M
W

8

M
W

9

M
W

1
0

M
W

1
1

M
W

1
2

M
W

1
3

M
W

1
4

M
W

6

M
W

5
W

e
ll

n
a

m
e

a
n

d
o

p
e

n
-h

o
le

in
te

rv
a

l

S
u

rf
ic

ia
l
a

q
u

if
e

r
s
y
s
te

m

C
o

n
fi
n

in
g

u
n

it

C
o

n
fi
n

in
g

u
n

it

U
p

p
e

r
F

lo
ri
d

a
n

a
q

u
if
e

r

L
o

w
e

r
A

rc
a

d
ia

z
o

n
e

(P
Z

3
)

U
p

p
e

r
A

rc
a

d
ia

z
o

n
e

(P
Z

2
)

C
o

n
fi
n

in
g

u
n

it

E
X

P
L

A
N

A
T

IO
N

1
0

0
2

0
0

3
0

0
4

0
0

5
0

0
6

0
0

7
0

0
8

0
0

9
0

0
1

,0
0

0

36 Hydrogeologic Framework and Geochemistry of the Interme
Counties, Florida
diate Aquifer System in Parts of Charlot
F
ig

u
re

 1
9.

  R
ad

ia
l-m

od
el

 g
rid

 u
se

d 
fo

r 
th

e 
si

m
ul

at
io

n 
of

 h
yd

ra
ul

ic
 p

ro
pe

rt
ie

s 
of

 th
e 

aq
ui

fe
r 

sy
st

em
s 

at
 th

e 
R

O
M

P
 9

.5
 s

ite
 (

w
el

ls
 M

W
15

, M
W

16
, a

nd
 M

W
17

 a
re

 n
ot

 
sh

ow
n,

 b
ut

 a
re

 o
pe

n 
to

 th
e 

sa
m

e 
in

te
rv

al
s 

as
 w

el
ls

 M
W

10
, M

W
11

, a
nd

 M
W

12
).
te, De Soto, and Sarasota 



The measured and simulated (optimized) draw-
down curves for PZ3 and the Upper Floridan aquifer 
tests are shown in figures 20 and 21. Overall, simulated 
water-level changes compare favorably with measured 
changes; however, model-simulated changes do not 
parallel the observed hydrographs during the late 
phases of the tests. As indicated previously, the 
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measured water levels were influenced by additional 
stresses near the test area. Additionally, some degree of 
horizontal anisotropy exists in PZ3 as evidenced by the 
variation in measured and simulated drawdown curves 
for wells MW8 and MW16 (fig. 21). The RMSE for the 
simulation was 0.30 ft. Results of the numerical analy-
sis are presented in table 6.
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Figure 20.   Simulated and measured drawdown in selected confining unit wells at the 
ROMP 9.5 site.
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Figure 21.  Simulated and measured drawdown in selected Lower Arcadia zone (PZ3) 
and Upper Floridan aquifer wells at the ROMP 9.5 site.
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Table 6.  Summary of aquifer test results for the ROMP 9.5 site using numerical analysis

[PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper 
Floridan aquifer;  CU, confining unit; b, thickness of unit; Kh, horizontal hydraulic conductivity; T, transmissivity; S, storage 
coefficient; Ss′, specific storage; Kv, vertical hydraulic conductivity; L, leakance; ft, feet; ft/d, feet per day; ft2/d, feet squared 
per day ;--, not determined]

Hydrogeologic unit
b

(ft)
Kh

(ft/d)
T

(ft2/d)
S

Ss′
(1/ft)

Kv
(ft/d)

L
(ft/d/ft)

PZ3 124 80.2 9,945 2.0 x 10-4 1.6 x 10-6 5.09 --
UFA 346 17.9 6,193 2.8 x 10-4 8.0 x 10-7 0.38 --

CU between PZ2 and PZ3 111  0.5      56 3.0 x 10-3 2.7 x 10-5 0.01 9.0 x 10-5

CU between PZ3 and UFA 124  1.2    149 1.1 x 10-4 9.0 x 10-7 0.04 3.2 x 10-4
Limitations of Aquifer Test Analysis 

Analysis of aquifer test data at the ROMP 9.5 site 
is difficult because the aquifer system is layered and 
has non-uniform permeability distribution. In addition, 
characterizing hydraulic properties is more difficult in 
heterogeneous, fractured rock than in homogenous, 
granular rock. At small scales, on the order of inches to 
feet, contrasts in horizontal hydraulic conductivity 
could result from the presence or absence of fractures. 
At larger scales, on the order of tens to hundreds of feet, 
contrasts in horizontal hydraulic conductivity values 
could arise from differences between zones of numer-
ous, open, well-connected fractures rather than sparse, 
tight, poorly connected fractures in which wells may be 
completed. Consequently, hydraulic properties deter-
mined with quantitative analytical methods at a partic-
ular location in the aquifer may not be representative of 
properties at an adjacent location (P.A. Hsieh, USGS, 
written commun.,1992).

The hydraulic properties determined from 
numerical analysis of the ROMP 9.5 aquifer test data 
are considered more realistic for the heterogeneous and 
complex ground-water flow system at the ROMP 9.5 
site in contrast to analytical methods that have inherent 
limitations. In contrast to analytical methods, numeri-
cal analysis is not constrained by multiple phases of 
discharge and recovery, length of testing, assumptions 
concerning storage within a confining unit, or the num-
ber of layers in the hydrogeologic system. 

GEOCHEMISTRY OF AQUIFER SYSTEMS 
Water-quality samples from discrete producing 

zones of the intermediate aquifer system at five of the 
ROMP sites (5, 9, 9.5, 13, and 17; fig. 1) were collected 
and analyzed for major ions and selected isotopes. 
Water from the surficial aquifer system and Upper 
Floridan aquifer also was collected at each site to 
understand the chemical and isotopic character of 
water potentially entering the system from above or 
below. The main objectives of the geochemical analy-
sis were: (1) to evaluate mixing from underlying or 
overlying aquifers, (2) to better understand chemical 
reactions that influence ground-water composition, and 
(3) to estimate the age of the ground water. Isotopes of 
hydrogen, oxygen, and carbon were used to understand 
the sources and age of ground water. Geochemical 
modeling was used to evaluate mixing between aqui-
fers and to quantify geochemical reactions.

Chemical Composition of Ground Water

Water from the surficial aquifer system was a 
calcium bicarbonate type, except at the ROMP 13 site, 
which was a sodium bicarbonate type water (fig. 22a). 
Generally, surficial aquifer system water was more 
dilute than water from the intermediate aquifer system 
at all of the sites. Water from the ROMP 13 site was the 
most dilute, and thus, appears as a straight line in 
figure 22a. At each ROMP site, chloride, sulfate, mag-
nesium, potassium, and strontium concentrations were 
lower in the surficial aquifer system than in the inter-
mediate aquifer system (table 7). Alkalinity was higher 
in the surficial aquifer system than in the intermediate 
aquifer system at all sites except at the ROMP 13 site. 
The high calcium and bicarbonate concentrations are 
probably from dissolution of calcium carbonate in the 
surficial deposits, enhanced by high partial pressure of 
carbon dioxide (PCO2) levels from the soil zone. 
Lower magnesium concentrations are due to the lack of 
dolomite in the surficial deposits.
Geochemistry of Aquifer Systems 39



W
E

L
L

B
o

ld
N

u
m

b
e

r
n

e
x
t

to
d

o
t

is
R

O
M

P
w

e
ll

n
u

m
b

e
r.

U
p

p
e

r
n

a
m

e
is

R
O

M
P

m
o

n
it
o

r
w

e
ll

in
ta

b
le

7
.

L
o

w
e

r
n

u
m

b
e

r
is

d
is

s
o

lv
e

d
s
o

lid
s

c
o

n
c
e

n
tr

a
ti
o

n
,

in
m

ill
ig

ra
m

s
p

e
r

lit
e

r

—

���
	
�

���


�

���
��

���
��

���
��

���
	
�

���


�

���
��

���
��

���
��

���
	
�

���


�

���
��

���
��

���
��

���
	
�

���


�

���
��

���
��

���
��

(a
)

S
u

rf
ic

ia
l
a

q
u

if
e

r
s
y
s
te

m
(b

)
U

p
p

e
r

A
rc

a
d

ia
z
o

n
e

(P
Z

2
)

E
X

P
L

A
N

A
T

IO
N

6
7
4

M
W

5
R

5

(c
)

L
o

w
e

r
A

rc
a

d
ia

z
o

n
e

(P
Z

3
)

(d
)

U
p

p
e

r
F

lo
ri
d

a
n

a
q

u
if
e

r

C
h
lo

ri
d
e

S
u

lf
a

te

S
o
d
iu

m
+

P
o
ta

s
s
iu

m

C
a
lc

iu
m

M
a
g
n
e
s
iu

m

B
ic

a
rb

o
n
a
te

1
,2

7
0

O
W

1
3

M
W

2
7
0
2

M
W

2
3
6
0

4
6
8

M
W

1
8

O
W

1
5

1
,5

6
0

8
0
6

M
W

1

7
9
1

U
F
A

1
,1

0
0

S
2

4
1
6

M
W

4
O

W
1
4

1
,4

0
0

M
W

2
4
1
4

IA
S

L
P

Z
5
4
2

M
W

3
3
2
0

M
W

3
1
,8

5
0

M
W

1
4
2
0

M
W

1
5
8

4
3
2

M
W

4
4
9
2

S
A

S

M
W

5
6
7
4

G
U

LF
O

F
M

EXIC
O

0
1

0
M

IL
E

S

0
1

0
K

IL
O

M
E

T
E

R
S

G
U

LF
O

F
M

EXIC
O

0
1

0
M

IL
E

S

0
1

0
K

IL
O

M
E

T
E

R
S

G
U

LF
O

F
M

EXIC
O

0
1

0
M

IL
E

S

0
1

0
K

IL
O

M
E

T
E

R
S

G
U

LF
O

F
M

EXIC
O

0
1

0
M

IL
E

S

0
1

0
K

IL
O

M
E

T
E

R
S

B
as

e
fr

om
S

W
F

W
M

D
di

gi
ta

ld
at

a,
1:

25
0,

00
0,

19
92

A
lb

er
s

E
qu

al
-A

re
a

C
on

ic
pr

oj
ec

tio
n

S
ta

nd
ar

d
P

ar
al

le
ls

���
	
�

�
an

d
�	


��
��	

�


�

ce
nt

ra
lm

er
id

ia
n

���


�

���
��

���


�

���
��

���


�

���
��

���


�

���
��

R
9

R
9

.5

R
5

R
1

3

S
A

R
A

S
O

T
A

M
A

N
A

T
E

E
H

A
R

D
E

E

D
E

S
O

T
O

C
H

A
R

L
O

T
T

E

R
1

7

R
9

R
9

.5

R
5

R
1

3

S
A

R
A

S
O

T
A

M
A

N
A

T
E

E
H

A
R

D
E

E

D
E

S
O

T
O

C
H

A
R

L
O

T
T

E

R
1

7

R
9

R
9

.5 R
5

R
1

3

S
A

R
A

S
O

T
A

M
A

N
A

T
E

E
H

A
R

D
E

E

D
E

S
O

T
O

C
H

A
R

L
O

T
T

E

R
1

7

R
9

R
9

.5

R
5

R
1

3

S
A

R
A

S
O

T
A

M
A

N
A

T
E

E
H

A
R

D
E

E

D
E

S
O

T
O

C
H

A
R

L
O

T
T

E

M
IL

L
IE

Q
U

IV
A

L
E

N
T

S
P

E
R

L
IT

E
R

0
1

5
1

5

L
O

C
A

T
IO

N
O

F
S

T
U

D
Y

A
R

E
A

F
ig

u
re

 2
2.

  D
is

so
lv

ed
-s

ol
id

s 
co

nc
en

tr
at

io
ns

 a
nd

 S
tif

f d
ia

gr
am

s 
sh

ow
in

g 
ch

em
ic

al
 c

om
po

si
tio

n 
of

 w
at

er
 fr

om
 w

el
ls

 a
t t

he
 R

O
M

P
 5

, 9
, 9

.5
, 1

3,
 a

nd
 1

7 
si

te
s 

th
at

 ta
p 

th
e 

(a
) 

su
rf

ic
ia

l a
qu

ife
r 

sy
st

em
, (

b)
 U

pp
er

 A
rc

ad
ia

 z
on

e 
(P

Z
2)

, (
c)

 L
ow

er
 A

rc
ad

ia
 z

on
e 

(P
Z

3)
, a

nd
 (

d)
 U

pp
er

 F
lo

rid
an

 a
qu

ife
r.
40 Hydrogeologic Framework and Geochemistry of the Intermediate Aquifer System in Parts of Charlotte, De Soto, and Sar
Counties, Florida
asota 



Water from the intermediate aquifer system had 
a wide range in chemical composition, but generally fit 
into two categories. At the sites furthest inland (ROMP 
9.5, 13, and 17), water from PZ2 and/or PZ3 was a 
mixed ion or mixed cation-bicarbonate type (fig. 22b 
and 22c). Sites closer to the coast (ROMP 9 and 5) had 
a sodium-chloride or mixed cation-chloride type water. 
Water within the same permeable zone of the interme-
diate aquifer system did not have a distinct chemical 
composition throughout the study area. For the Upper 
Arcadia zone (PZ2), lowest chloride and sulfate con-
centrations were at the ROMP 13 site, and highest chlo-
ride and sulfate concentrations were at the ROMP 9 site 
(table 7). Similarly, lowest chloride and sulfate concen-
trations for PZ3 were at the ROMP 13 site. The highest 
chloride concentration in PZ3 was at the ROMP 5 site, 
and the highest sulfate concentration was at the ROMP 
9 site (table 7). Water from both PZ2 and PZ3 at the 
ROMP 9 site and from PZ3 at the ROMP 5 site had 
chloride concentrations greater than 250 mg/L (second-
ary drinking water standard; Florida Department of 
Environmental Protection, 1994). Water from PZ3 at 
the ROMP 9 site was the only intermediate aquifer 
system site with a sulfate concentration greater than the 
secondary drinking water standard of 250 mg/L.

At four of the sites (ROMP 5, 9, 9.5, and 13), 
wells completed in both PZ2 and PZ3 were sampled. 
Very few consistent trends were apparent in comparing 
the composition of water between permeable zones at 
all sites. Chloride concentrations were about 300 per-
cent higher in PZ3 at the ROMP 5 site than they were 
in PZ2 (800 mg/L in PZ3 and 210 mg/L in PZ2), but at 
the other three sites, chloride concentrations were less 
than 10 percent higher in PZ3 than in PZ2. Sulfate con-
centrations were higher in PZ3 compared to PZ2 at 
three sites (ROMP 5, 9, and 13), but at the ROMP 9.5 
site, sulfate was lower in concentration in PZ3 com-
pared to PZ2 (43 mg/L in PZ3 and 73 mg/L in PZ2). At 
the ROMP 9 and 13 sites, the chemical character of 
water in both permeable zones was similar (fig. 22), 
which may indicate leakage between these zones.

The chemical composition of water from the 
Upper Floridan aquifer was variable at the five sites 
(fig. 22d, table 7). None of the Upper Floridan aquifer 
waters had a dominant cation (no cation greater than 
Table 7.  Chemical and isotopic data for water collected from wells at the ROMP 5, 9, 9.5, 13, and 17 sites during 1996 and 1997

[0C, degrees Celsius; mS/cm, microsiemens per centimeter at 250C; mg/L, milligrams per liter; mg/L, micrograms per liter; δD, delta deuterium; permil, parts 
per thousand; pc/L, picocurries per liter; δ13C, delta carbon-13; 14C, carbon-14; DIC, dissolved inorganic carbon; PMC, Percent Modern Carbon (normal-
ized); δ18O, delta oxygen-18; ROMP, Regional Observation and Monitor-Well Program; MW, monitor well; OW, observation well; SAS, surficial aquifer sys-
tem; IAS, intermediate aquifer system; LPZ, lower permeable zone; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the 
Lower Arcadia Formation; UFA, Upper Floridan aquifer; SWNN, Suwannee; <, less than; --, no data]

Well name
Station identification

number

Depth of 
casing/total 
depth below 
land surface 

(feet)

Principal
hydrogeologic

unit

Sample
collection

date

Temp-
erature

(0C)

Specific 
conduct-

ance
(µS/cm)

pH
(stan-
dard 

units)

Alkalinity
(mg/L as 
CaCO3)

ROMP 5 MW5 265644081483305 5/85 SAS 9-25-96 26.2 1,160 7.03 314
ROMP 5 MW2 265644081483304 130/230 PZ2 9-24-96 26.6 1,140 7.15 187
ROMP 5 MW3 265644081483303 450/600 PZ3 9-24-96 30.6 3,040 7.66 105
ROMP 5 MW4 265643081483301 720/970 UFA 9-25-96 28.5 1,870 7.85 105
ROMP 9 MW1 270432082085707 7/27 SAS 8-26-96 26.2 675 7.08 256
ROMP 9 OW13 270432082085704 122/165 PZ2 8-27-96 26.8 2,070 7.51 153
ROMP 9 OW14 270432082085703 190/320 PZ3 8-27-96 24.6 2,260 7.51 147
ROMP 9 OW15 270432082085702 545/860 UFA 8-26-96 27.1 2,450 7.18 148
ROMP 9.5 MW4 270737082025104 2/8 SAS 8-20-97 25.8 703 6.83 266
ROMP 9.5 MW18 270737082025001 61/77 PZ2 8-20-97 28.1 800 7.73 209
ROMP 9.5 MW2 270737082025102 205/331 PZ3 8-19-97 27.1 749 7.69 202
ROMP 9.5 MW1 270737082025101 505/801 UFA 8-19-97 26.4 1,140 7.55 148
ROMP 13 MW1 270418081365805 7/22 SAS 9-26-96 26.9 74 5.53 17
ROMP 13 MW2 270418081365804 282/417 PZ2 9-26-96 26.4 587 7.61 246
ROMP 13 MW3 270418081365803 510/592 PZ3 9-26-96 26.8 544 8.05 200
ROMP 13 MW4 270418081365802 671/786 UFA 9-27-96 26.0 716 8.24 123
ROMP 17 SAS 271026081583605 8/18 SAS 8-28-96 25.3 751 7.04 304
ROMP 17 IAS LPZ 271026081583604 200/240 PZ3 10-2-96 25.7 853 7.63 185
ROMP 17 UFA 271026081583603 395/470 UFA 8-28-96 26.3 973 7.40 225
1ROMP 17 SWNN 271026081583602 620/670 UFA 5-27-92 27.7 1,148 7.17 157

1Data from Sacks and Tihansky (1996).
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Table 7.  Chemical and isotopic data for water collected from wells at the ROMP 5, 9, 9.5, 13, and 17 sites during 1996 and 
1997 (Continued)

[0C, degrees Celsius; mS/cm, microsiemens per centimeter at 250C; mg/L, milligrams per liter; mg/L, micrograms per liter; dD, delta deuterium; permil, 
parts per thousand; pc/L, picocurries per liter; d13C, delta carbon-13; 14C, carbon-14; DIC, dissolved inorganic carbon; PMC, Percent Modern Carbon (nor-
malized); d18O, delta oxygen-18; ROMP, Regional Observation and Monitor-Well Program; MW, monitor well; OW, observation well; SAS, surficial aqui-
fer system; IAS, intermediate aquifer system; LPZ, lower permeable zone; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 
in the Lower Arcadia Formation; UFA, Upper Floridan aquifer; SWNN, Suwannee; <, less than; --, no data]

Well name

Principal 
hydro-

geologic
unit

Hardness
(mg/L as

CaO3)

Dis-
solved
solids
(mg/L)

Calcium,
dissolved
(mg/L as

Ca)

Mag-
nesium,

dissolved
(mg/L as

Mg)

Sodium,
dissloved

(mg/L
as Na)

Potas-
sium,

dissolved
(mg/L 
as K)

Chloride, 
dissolved
(mg/L as 

Cl)

Sulfate
dissolved

(mg/L
as SO4)

Sulfide,
dis-

solved
(mg/L
as S)

1Excess
sulfate
(mg/L

as SO4)

ROMP 5 MW5 SAS 330 674 130 2 110 0.9 190 2 -- -26
ROMP 5 MW2 PZ2 310 702 72 31 100 3 210 43 -- 12
ROMP 5 MW3 PZ3 600 1,850 110 70 320 12 800 220 -- 105
ROMP 5 MW4 UFA 410 1,100 73 48 180 9.3 430 170 -- 108
ROMP 9 MW1 SAS 290 420 100 10 29 1.1 53 12 -- 3
ROMP 9 OW13 PZ2 530 1,270 110 59 220 7.7 430 220 -- 158
ROMP 9 OW14 PZ3 570 1,400 110 67 250 9 460 280 -- 213
ROMP 9 OW15 UFA 620 1,560 120 71 260 8.2 500 360 -- 288
ROMP 9.5 MW4 SAS 290 432 95 13 30 1.5 58 5 <0.01 -5
ROMP 9.5 MW18 PZ2 280 468 64 29 52 2.6 86 73 1.3 59
ROMP 9.5 MW2 PZ3 230 414 40 31 61 2.6 93 43 2.4 28
ROMP 9.5 MW1 UFA 490 806 104 53 47 4.4 69 359 1.5 348
ROMP 13 MW1 SAS 15 58 4 1 8 0.5 7 2 -- 0
ROMP 13 MW2 PZ2 220 360 33 31 36 6.8 31 24 -- 18
ROMP 13 MW3 PZ3 150 320 20 21 56 4.6 32 33 -- 27
ROMP 13 MW4 UFA 200 416 39 22 58 3 100 78 -- 62
ROMP 17 SAS SAS 370 492 110 22 25 0.9 40 38 -- 31
ROMP 17 IAS LPZ PZ3 340 542 63 42 40 3.9 74 150 -- 138
ROMP 17 UFA UFA 370 628 64 48 65 4.9 110 120 -- 103
ROMP 17 SWNN UFA -- 791 110 58 38 4.9 64 380 2.3 370

1Negative value indicates SO4 is depleted in sample, relative to conservative mixing.
50 percent of the total in milliequivalent per 
liter (meq/L)). The dominant anion was chloride at the 
ROMP 5 and 9 sites. Sulfate was the dominant anion at 
the ROMP 9.5 and 17 sites, and anions were mixed at 
the ROMP 13 site. Similar to the Lower Arcadia zone 
(PZ3) of the intermediate aquifer system, chloride con-
centrations were greater than 250 mg/L for the sites 
closest to the coast (ROMP 5 and 9). Sulfate concentra-
tions were greater than 250 mg/L at the ROMP 9, 9.5, 
and 17 sites. At some sites, chloride concentrations 
were higher in the Upper Floridan aquifer than in PZ3 
(ROMP 9 and ROMP 13), but at other sites chloride 
concentrations were lower in the Upper Floridan aqui-
fer compared to PZ3 (ROMP 5, 9.5, and 17 sites) 
(table 7). The chemical character of water between PZ3 
and the Upper Floridan aquifer was very similar at 
some sites (ROMP 5 and 9), but at other sites, the 
waters were distinctly different (ROMP 9.5) (figs. 22c 
and 22d). Similarity in the chemical composition of 
waters from both aquifers may indicate a good hydrau-
lic connection between aquifers. 
Sources of elevated sulfate concentrations in the 
Upper Floridan aquifer are from dissolution of gypsum 
in deep parts of the Upper Floridan aquifer and from 
mixing with saline water (Sacks and Tihansky, 1996). 
Sulfate from gypsum dissolution can be distinguished 
from that of seawater mixing by computing the amount 
of excess sulfate relative to conservative mixing. Cal-
culations were made assuming mixing between a dilute 
upgradient water (surficial aquifer system water from 
the ROMP 13 site) and modern seawater (Hem, 1985). 
The fraction of seawater (x) was computed using 
chloride as the conservative tracer: 

x = (Clgw - Clug)/(Clsw - Clug), (3)

where Cl is the chloride concentration of the sampled 
ground water (gw), the upgradient ground water (ug), 
and the seawater (sw). An expected sulfate concentra-
tion was computed based on conservative mixing of the 
two end-member waters. The difference between the 
sulfate concentration (SO4) in the sampled ground 
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



Table 7.  Chemical and isotopic data for water collected from wells at the ROMP 5, 9, 9.5, 13, and 17 sites during 1996 and 
1997 (Continued)

[0C, degrees Celsius; mS/cm, microsiemens per centimeter at 250C; mg/L, milligrams per liter; mg/L, micrograms per liter; δD, delta deuterium; permil, 
parts per thousand; pc/L, picocurries per liter; δ13C, delta carbon-13; 14C, carbon-14; DIC, dissolved inorganic carbon; PMC, Percent Modern Carbon (nor-
malized); δ18O, delta oxygen-18; ROMP, Regional Observation and Monitor-Well Program; MW, monitor well; OW, observation well; SAS, surficial aqui-
fer system; IAS, intermediate aquifer system; LPZ, lower permeable zone; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 
in the Lower Arcadia Formation; UFA, Upper Floridan aquifer; SWNN, Suwannee; <, less than; --, no data]

Well name

Principal 
hydro-

geologic
unit

Strontium,
dissolved

(µg/L 
as Sr)

NO2+NO3 
dissolved 

(mg/L as N)

Phos-
phorus, 

dissolved 
(mg/L as P)

Fluoride, 
dissolved 

(mg/L as F)

Silica,
dissolved

(mg/L
as SiO2)

δD
(per mil)

Tritium
(TU)

δ13C
of DIC 

(per mil)

14C
of DIC

(as PMC)

δ18O
(per mil)

ROMP 5 MW5 SAS 580 <0.02 5.3 0.1 11 -7.8 10 -10 62.4 -1.86
ROMP 5 MW2 PZ2 1,900 <0.02 7.6 1.2 55 -1.5 <0.3 -7.8 2.03 -1.51
ROMP 5 MW3 PZ3 29,310 <0.02 <0.02 0.8 17 -3.3 <0.3 -5.4 2.67 -1.54
ROMP 5 MW4 UFA 26,000 <0.02 <0.02 0.9 18 -3.4 <0.3 -5.75 5.23 -1.55
ROMP 9 MW1 SAS 600 <0.02 <0.02 0.2 12 -12.1 9.9 -17.2 83.4 -2.48
ROMP 9 OW13 PZ2 14,000 <0.02 <0.02 1.2 17 -4.0 <0.3 -9.8 1.83 -1.41
ROMP 9 OW14 PZ3 20,000 <0.02 <0.02 1.4 18 -3.7 <0.3 -4.4 0.89 -1.27
ROMP 9 OW15 UFA 25,000 <0.02 <0.02 1.6 22 -4.4 <0.3 -3.2 1.8 -1.25
ROMP 9.5 MW4 SAS 310 <0.02 0.16 0.6 17 -2.8 10.56 -11.4 45.58 -0.91
ROMP 9.5 MW18 PZ2 1,700 <0.02 0.08 0.6 22 -3.5 -- -9.68 10.93 -1.51
ROMP 9.5 MW2 PZ3 5,100 <0.02 0.06 0.1 20 -4.5 -- -5.39 2.24 -1.76
ROMP 9.5 MW1 UFA 11,380 <0.02 0.06 2.0 27 -7.6 -- -4.6 0.83 -1.89
ROMP 13 MW1 SAS 30 <0.02 0.74 0.2 7 -13.8 11 -17 112 -2.95
ROMP 13 MW2 PZ2 8,300 <0.02 <0.02 2.1 47 -6.8 <0.3 -4.7 0.41 -1.89
ROMP 13 MW3 PZ3 8,600 <0.02 <0.02 1.8 24 -5.5 <0.3 -6.6 0.55 -1.67
ROMP 13 MW4 UFA 13,000 <0.02 <0.02 0.4 16 -1.6 <0.3 -5.76 0.98 -1.18
ROMP 17 SAS SAS 590 <0.02 0.63 1.0 25 -12.9 11 -13.1 70.3 -2.60
ROMP 17 IAS LPZ PZ3 9,300 <0.02 <0.02 2.1 25 -6.5 <0.3 -6.4 1.37 -2.08
ROMP 17 UFA UFA 10,000 <0.02 <0.02 1.8 23 -6.7 <0.3 -6 0.84 -2.00
ROMP 17 SWNN UFA 16,000 <.002 -- 2.0 24 -8.0 -- -5.8 -- -2.05
water and the expected concentration, is the “excess 
sulfate” concentration (SO4ex): 

SO4ex = SO4gw - [SO4sw x + SO4ug (1-x)]. (4)

At each ROMP site, water from the Upper Flori-
dan aquifer had higher excess sulfate concentrations 
than water from the intermediate aquifer system and 
surficial aquifer system (table 7). The excess sulfate 
concentration is because gypsum, the mineral source of 
sulfate, occurs in rocks in the Upper Floridan aquifer. 
Excess sulfate concentration was lowest in the Upper 
Floridan aquifer at the ROMP 13 site, probably 
because heads in the Upper Floridan decrease with 
depth at this site, which limits upward movement of 
sulfate-rich water that dissolved gypsum deeper in the 
aquifer. In contrast, excess sulfate concentrations were 
highest at the ROMP 9, 9.5, and 17 sites (greater than 
250 mg/L), and these sites are in an area where upward 
flow in the Upper Floridan aquifer is enhanced by dis-
charging conditions near the Peace River.
Vertical Profiles of Chloride and Sulfate

Profiles of sulfate and chloride concentrations in 
the intermediate aquifer system and the upper part of 
the Upper Floridan aquifer are illustrated in figure 23. 
Differences in trends in sulfate and chloride profiles are 
indicators of differences in mixing of recharge water, 
saline water, and sulfate-rich water from the Upper 
Floridan aquifer. Differences in the profiles illustrate 
the complexity of delineating water sources in the 
intermediate aquifer system. Chloride and sulfate 
concentrations during drilling typically correspond to 
concentrations in the monitor wells finished to the 
same zones. The only major discrepancy was that 
sulfate concentrations were much lower during drilling 
in the intermediate aquifer system at the ROMP 17 site 
than when the wells were sampled. This site was drilled 
about 5 years earlier than the other sites, and perhaps 
sampling methods during drilling were problematic. 
Alternatively, water quality may have degraded over 
time, resulting in higher sulfate concentrations in the 
intermediate aquifer system.

Profiles at the ROMP 13, 9.5, and 17 sites are 
characterized by relatively low concentrations of 
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chloride. At the ROMP 13 site, sulfate and chloride con-
centrations are generally less that 100 mg/L in both the 
intermediate aquifer system and upper part of the Upper 
Floridan aquifer (fig. 23). Chloride concentrations in the 
intermediate aquifer system were generally about 
30 mg/L, except for higher concentrations in the upper 
confining unit (between about 60 and 80 mg/L). Chlo-
ride concentrations in the Upper Floridan aquifer were 
slightly higher (typically between 50 and 100 mg/L) 
than in the intermediate aquifer system. Sulfate concen-
trations were lowest in the Upper Arcadia zone (PZ2) 
and increased slightly in the Lower Arcadia zone (PZ3), 
as well as in the Upper Floridan aquifer. Excess sulfate 
concentrations were low in both PZ2 and PZ3 (table 7).

At the ROMP 9.5 site, chloride concentrations 
were relatively low and uniform throughout the 
intermediate aquifer system (PZ2 and PZ3) and 
44 Hydrogeologic Framework and Geochemistry of the Interme
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upper part of the Upper Floridan aquifer (below or 
about 100 mg/L), but sulfate had a wider range in 
concentration (fig. 23). Sulfate concentrations were 
about twice as high in PZ2 and the middle confining 
unit (about 70 mg/L) than in PZ3 (about 40 mg/L); 
sulfate concentrations increased in the lower confin-
ing unit and were the highest in the Upper Floridan 
aquifer (about seven times higher than in PZ3). 
Similarly, excess sulfate concentrations were much 
higher in the Upper Floridan aquifer than in PZ3 
(table 7), suggesting less of a hydraulic connection 
between these hydrogeologic units. 

Although chloride concentrations were rela-
tively low at the ROMP 17 site, concentrations were 
somewhat elevated in the lower confining unit of the 
intermediate aquifer system and in the upper part of the 
Upper Floridan aquifer (about 130 mg/L). Deeper than 
Figure 23.  Concentrations of chloride and sulfate in samples collected during drilling of the exploratory boreholes and 
during sampling of wells at the ROMP 13, 9.5, 17, 9, and 5 sites.
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



about 600 ft below sea level, chloride concentrations in 
the Upper Floridan aquifer decreased substantially (to 
about 70 mg/L), and sulfate concentrations increased to 
greater than 350 mg/L (fig. 23). Excess sulfate concen-
trations in PZ3 at the ROMP 17 site were higher than 
in PZ3 at the ROMP 9.5 site (table 7) which may indi-
cate a greater hydraulic connection between the Upper 
Floridan aquifer and PZ3 at the ROMP 17 site com-
pared to the ROMP 9.5 site. 

In contrast, chloride concentrations were much 
higher in the profiles at the ROMP 9 and 5 sites than at 
the other three sites (fig. 23). At the ROMP 9 site, chlo-
ride concentrations were almost always greater than 
250 mg/L in the intermediate aquifer system and Upper 
Floridan aquifer. In the intermediate aquifer system, 
sulfate and chloride concentrations generally increased 
and decreased the same, with both concentrations 
decreasing slightly in the middle intervals of PZ3. In 
the Upper Floridan aquifer, chloride and sulfate con-
centrations were fairly uniform to 800 ft below sea 
level. Excess sulfate concentrations were highest in the 
Upper Floridan aquifer, but also were elevated in PZ2 
and PZ3 (table 7), indicating that a hydraulic connec-
tion exists between the Upper Floridan aquifer and both 
permeable zones of the intermediate aquifer system at 
the ROMP 9 site.

At the ROMP 5 site, chloride concentrations 
were greater than 150 mg/L throughout the profile, but 
were substantially higher in PZ3 (greater than 600 
mg/L) than in PZ2 and the surficial aquifer system 
(about 200 mg/L). In the upper part of the Upper Flori-
dan aquifer, chloride concentrations decreased to about 
half that in PZ3. Sulfate concentrations were low in 
PZ2 and the middle confining unit (less than 20 mg/L), 
but were consistently higher by about an order of mag-
nitude (about 200 mg/L) in PZ3, the lower confining 
unit, and the Upper Floridan aquifer (fig. 23). This 
increase in sulfate concentration with depth is related to 
seawater mixing. Excess sulfate concentrations in PZ3 
and the Upper Floridan aquifer were nearly the same 
(105 and 108 mg/L, respectively, table 7); however, 
excess sulfate concentration in PZ2 was much lower, 
indicating that PZ2 may be more isolated hydraulically 
from PZ3 than PZ3 is to the Upper Floridan aquifer. 
The isolation of PZ2 from PZ3 is consistent with the 
estimated hydraulic connection from aquifer tests, 
which indicated little hydraulic connection between 
PZ2 and PZ3. Excess sulfate is lower throughout the 
ROMP 5 profile than in the ROMP 9 profile (table 7), 
which illustrates the importance of seawater mixing on 
sulfate concentrations at the ROMP 5 site compared to 
the ROMP 9 site.
Saturation State of Ground Water

Information on the saturation state of water 
with respect to mineral phases can help identify proba-
ble reactions considered for geochemical modeling, 
which is discussed later in the report. Saturation 
indexes were computed using WATEQF (integrated as 
part of geochemical mass-balance model NETPATH; 
Plummer and others, 1994) and WATEQ4F (Ball and 
Nordstrom, 1991). The saturation index (SI) is a mea-
sure of the departure from equilibrium of the water 
with respect to mineral phases. An SI value of zero, 
with an associated range of uncertainty, indicates the 
water is in equilibrium or saturated with respect to the 
mineral phase, a value less than zero indicates under-
saturation (mineral dissolution is possible), and a value 
greater than zero indicates supersaturation (mineral 
precipitation is possible). 

Ground water in the intermediate aquifer system 
and Upper Floridan aquifer is near saturation or super-
saturated with respect to calcite (saturation index (SI) 
between -0.17 and 0.5; table 8). Saturation for calcite is 
assumed to be between -0.15 and 0.15, based on uncer-
tainties in chemical analyses and pH determinations. 
Most waters from the surficial aquifer system were 
close to saturation with respect to calcite (SI between 
-0.16 and 0.20), except for water from the ROMP 13 
site, which was highly undersaturated (SI of -3.80).

For dolomite, there is an uncertainty in the exact 
value of the equilibrium reaction constant (Kr), and so 
the SI for both "crystalline” dolomite (Kr = -17.09) and 
“disordered” dolomite (Kr = -16.54) are reported here 
(Nordstrom and others, 1990). Previous investigators 
concluded that disordered dolomite is the form dissolv-
ing in the Upper Floridan aquifer (Hsu, 1963; Hanshaw 
and others, 1971; Plummer, 1977). Waters from the 
intermediate aquifer system and Upper Floridan aquifer 
were typically supersaturated with respect to crystalline 
dolomite (SI range between -0.34 to 1.11; table 8; satu-
ration for dolomite is assumed to be between -0.30 and 
0.30). However, most waters from the intermediate 
aquifer system and Upper Floridan aquifer were near 
saturation or undersaturated with respect to disordered 
dolomite (SI range between -0.88 and 0.57). Water from 
the surficial aquifer system was undersaturated for both 
crystalline and disordered dolomite (table 8). 
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Table 8.  Saturation state of ground water at the ROMP 5, 9, 9.5, 13, and 17 sites with respect to mineral phases and 
calculated partial pressure of carbon dioxide

[PCO2, partial pressure of carbon dioxide; SAS, surficial aquifer system; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable 
zone 3 in the Lower Arcadia Formation; UFA, Upper Floridan aquifer]

Well name
 Principal

hydrogeologic
 unit

Saturation  index 
Log

PCO2Calcite
Crystalline 
dolomite11

Disordered
dolomite 2

Gypsum Celestite

ROMP 5 MW5 SAS  0.20   -1.00 -1.55 -3.05 -3.68 -1.48

ROMP 5 MW2 PZ2 -0.17 -0.34 -0.88 -2.05 -1.90 -1.83

ROMP 5 MW3 PZ3  0.22 0.64 0.10 -1.38 -0.23 -2.59

ROMP 5 S2 UFA  0.26 0.72 0.17 -1.55 -0.28 -2.78

ROMP 9 MW1 SAS  0.10 -0.44 -0.99 -2.37 -2.90 -1.60

ROMP 9 OW13 PZ2  0.22 0.53 -0.02 -1.33 -0.49 -2.28

ROMP 9 OW14 PZ3  0.15 0.42 -0.12 -1.24 -0.26 -2.32

ROMP 9 OW15 UFA -0.13 -0.12 -0.66 -1.12 -0.09 -1.97

ROMP 9.5 MW4 SAS -0.16 -0.82 -1.36 -2.80 -3.57 -1.33

ROMP 9.5 MW18 PZ2 0.46 0.96 0.42 -1.84 -1.69 -2.34

ROMP 9.5 MW2 PZ3 0.21 0.68 0.13 -2.24 -1.42 -2.32

ROMP 9.5 MW1 UFA 0.22 0.49 -0.05 -1.08 -0.33 -2.33

ROMP 13 MW1 SAS -3.80 -7.86 -8.40 -4.12 -4.56 -1.17

ROMP 13 MW2 PZ2 0.14 0.62 0.08 -2.55 -1.43 -2.15

ROMP 13 MW3 PZ3 0.28 0.96 0.41 -2.59 -1.24 -2.68

ROMP 13 MW4 UFA 0.50 1.11 0.57 -1.98 -0.73 -3.10

ROMP 17 SAS SAS 0.14 -0.07 -0.61 -1.90 -2.46 -1.50

ROMP 17 IAS LPZ PZ3 0.24 0.65 0.11 -1.57 -0.69 -2.31

ROMP 17 UFA UFA 0.11 0.45 -0.09 -1.68 -0.77 -1.99
3 ROMP 17 SWNN UFA 0.10 -0.11 -0.65 -1.05 -0.17 -1.92

1 Equilibrium reaction constant (Kr) = -17.09.
2 Kr = -16.53.
3 Data from Sacks and Tihansky (1996).
All waters were undersaturated with respect to 
gypsum, celestite, and amorphous silica, and all waters 
were supersaturated with respect to quartz and sepiolite. 
The saturation state of water with respect to most clay 
minerals could not be assessed because water samples 
were not analyzed for aluminum. Waters from the inter-
mediate aquifer system and Upper Floridan aquifer in 
the general study area, reported in Sacks and Tihansky 
(1996), were supersaturated with respect to calcium 
montmorillinite, illite, and kaolinite. The SI of clay 
minerals, however, reflects much uncertainty because 
of variability in stoichiometry and uncertainty in ther-
modynamic properties of aluminous clays (Fritz, 1985).

Isotopic Composition of Ground Water

Water samples were analyzed for isotopes of the 
water molecule (tritium, deuterium, and oxygen-18) 
and dissolved inorganic carbon (carbon-13 and carbon-
14). The radioactive isotopes tritium and carbon-14 
were used to estimate the age of the water, whereas the 
stable isotopes of water (deuterium and oxygen-18) 
and inorganic carbon (carbon-13) provided insights 
into the source of water, mixing between waters, and 
the chemical evolution of the water.

Stable Isotopes

Values of δD and δ18O typically are plotted on a 
diagram showing δD versus δ18O, and are related to a 
global meteoric water line (GMWL), representing rain-
fall from around the world (Craig, 1961). The stable 
isotope composition of waters relative to the GMWL 
can indicate important information on ground-water 
recharge patterns, waters that have undergone evapora-
tion, recharge during different climatic conditions, and 
mixing of ground water and surface water. Waters sam-
pled from the surficial aquifer system for this study 
were isotopically heavy compared to the composition of 
modern rainwater and were offset from the GMWL 
(fig. 24). Most surficial aquifer system waters were 
isotopically lighter than waters from the intermediate 
aquifer system (PZ2 and PZ3) and from the Upper 
Floridan aquifer at the same site; however, water from 
the surficial aquifer system at the ROMP 9.5 site was 
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



isotopically heavier than water from the other aquifers. 
Surficial aquifer system water at the ROMP 9.5 site also 
was offset from the GMWL, indicating that the water 
had undergone evaporation prior to recharging the surf-
icial aquifer system. Much of the study area is low lying 
and evaporation of standing water at the surface prior to 
recharge probably resulted in the enrichment of δD and 
δ18O at the ROMP 9.5 site. Waters from the surficial 
aquifer system plot along a line described by the expres-
sion δD= 5.7 δ18O + 2.4 (r2 = 0.99), and most likely 
represent a mixture of meteoric water with an isotopi-
cally light composition and ground water that has been 
recharged by water that has undergone evaporation with 
an enriched isotopic composition.

The stable isotope composition of waters from 
the Lower Arcadia zone (PZ3) is quite similar to that 
for the Upper Floridan aquifer at the ROMP 17, 9, and 
5 sites, suggesting that water moved upward from the 
Upper Floridan aquifer into PZ3. In contrast, the differ-
ent isotope compositions for waters from PZ2, PZ3, 
and the Upper Floridan aquifer at the ROMP 9.5 site 
indicate complex mixing of waters from overlying and 
underlying aquifer systems. Trend lines connecting iso-
topically enriched waters from the intermediate aquifer 
system (δD= 5.0 δ18O + 3.8; r2 = 0.56) and Upper 
Floridan aquifer (δD= 6.5 δ18O + 5.3; r2 = 0.82) also 
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Figure 24.  Relation between delta deuterium (δD) and 
delta oxygen-18 (δ18O) values in water from wells at the 
ROMP 5, 9, 9.5, 13, and 17 sites that are completed in the 
surficial aquifer system, intermediate aquifer system, and 
Upper Floridan aquifer.
indicate mixing between waters with distinct isotopic 
compositions; the poorer relation for the intermediate 
aquifer system suggests that the mixing of water in the 
intermediate aquifer system is more complex than a 
mixing model between two end members. However, 
the enriched δ18O and δD composition of ground water 
from the intermediate aquifer system and Upper Floridan 
aquifer may be the result of recharge that occurred under 
climatic conditions that differed from present condi-
tions. Plummer and others (1993) found stable isotope 
enrichment in the confined part of the Upper Floridan 
aquifer in southern Georgia in waters that were 
recharged during the last glacial maximum. Some 
enrichment in the stable isotope composition of waters 
from the intermediate aquifer system and Upper Flori-
dan aquifer may result from mixing of enriched paleo-
waters with somewhat depleted younger meteoric water.

Water from the three aquifer systems had 
isotopically distinct carbon-13 signatures of dissolved 
inorganic carbon (δ13CDIC) (table 7). For example, 
δ13CDIC values were isotopically lighter, or more 
depleted in carbon-13, in the surficial aquifer system 
(-10.0 to -17.2 per mil) compared to the intermediate 
aquifer system and Upper Floridan aquifer. In addition, 
δ13CDIC values for water from PZ2 were lighter (-9.8 
to -4.7 per mil) than for water from PZ3 (-6.6 to -4.4 per 
mil). Water from the Upper Floridan aquifer typically 
had the heaviest δ13CDIC values (-6.0 to -3.2 per mil). 
Sacks and Tihansky (1996) also noted that water in the 
intermediate aquifer system typically had lighter 
δ13CDIC values than water in the Upper Floridan 
aquifer. The difference in δ13CDIC is related to the evo-
lution of inorganic carbon in the aquifer systems. Water 
from the surficial aquifer system was most recently in 
contact during recharge with soil-zone CO2, which is 
isotopically light (usually between -20 and -25 per mil; 
Deines and others, 1974). This recharging water dis-
solved different amounts of calcite in the shallow surf-
icial aquifer system, resulting in high bicarbonate 
concentrations (greater than 250 mg/L as CaCO3) in 
most surficial aquifer system waters and a wide range 
of δ13CDIC values reflecting different carbon sources. 
Waters in deeper aquifer systems evolve to a heavier 
δ13CDIC composition because they are isolated from 
soil-zone CO2 and because the dissolution of isotopi-
cally heavy dolomite results in an enrichment of 
δ13CDIC. Dolomite dissolution is illustrated by higher 
concentrations of magnesium and waters closer to 
saturation with respect to dolomite in the deeper 
aquifers compared to the surficial aquifer system.
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An inverse relation exists between δ13CDIC and 
14C values in ground water from the surficial aquifer 
system and PZ2 of the intermediate aquifer system 
(fig. 25). This relation is further evidence of the evolu-
tion of inorganic carbon from recharge waters (with 
higher 14C activity and lighter δ13CDIC values from 
soil gas) toward deeper ground water (with lower 14C 
activity and heavier δ13CDIC values from dissolution of 
calcite and dolomite in the aquifer). A similar relation 
between δ13CDIC and 14C was observed for ground 
water in South Carolina (Landmeyer and Stone, 1995). 
Differences in the δ13C composition of the originating 
organic matter result in different δ13CDIC signatures in 
incoming CO2 and organic carbon in ground water 
(McMahon and others, 1990). 

Age of Ground Waters

Tritium is useful for age dating relatively young 
ground water (less than 50 years old) because of its short 
half life (12.4 years), whereas 14C can be used for esti-
mating ages of older ground water (500-40,000 years 
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Figure 25.  Relation between delta carbon-13 (d13C) and 
carbon-14 (14C) values in water from wells at the ROMP 5, 
9, 9.5, 13, and 17 sites that are completed in the surficial 
aquifer system, intermediate aquifer system, and Upper 
Floridan aquifer.
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old) because of its longer half life (5,730 years). All 
waters sampled from the surficial aquifer system had 
tritium present at concentrations ranging between 
about 10 and 11 TU, indicating that the water is 
“young” and was probably recharged between 30 and 
40 years ago (based on tritium concentrations mea-
sured in rainfall in Ocala, Florida between 1961 and 
1991, adjusted for radioactive decay; fig. 26). Present-
day rainfall in Florida has a much lower tritium con-
centration (about 5 TU) than rainfall between the late 
1950's and early 1960's, even after considering radioac-
tive decay of rainfall from the 1960's. Tritium was not 
detected in waters from the intermediate aquifer system 
and Upper Floridan aquifer, indicating that these 
waters are “old” (greater than 50 years old, based on the 
detection limit of 0.3 TU and considering radioactive 
decay). Thus, it appears that little, if any, present-day 
recharge is moving from the surficial aquifer system 
into the intermediate aquifer system in the study area. 
This apparent lack of recharge is supported by upward 
head differences between the intermediate aquifer 
system and the surficial aquifer system in much of the 
study area, inhibiting recharge from the surficial 
aquifer system to the intermediate aquifer system.

Age was estimated for waters from the interme-
diate aquifer system and from the Upper Floridan aqui-
fer using 14C, and was corrected for reactions with 
inorganic carbon (table 9). Uncertainties in computed 
ages are due to analytical precision of 14C, the 14C 
adjustment models, and input parameters to the mod-
els. Most waters had 14C values less than 10 PMC, with 
an analytical uncertainty of 1 PMC. As the measured 
14C concentration decreases, the uncertainty in the age 
increases. For example, water with a 14C value of 
5 PMC can have an age uncertainty of plus or minus 
2,000 years, whereas a water with 14C value of less 
than 0.6 PMC can have an uncertainty range of plus or 
minus 10,000 years. Values assumed for input parame-
ters to the correction models also can contribute uncer-
tainty to the computed age. For example, changing the 
13C value for soil CO2 from -25 to -20 per mil resulted 
in computed ages that were about 2,000 years older 
than those in table 9.

Several trends are apparent in the computed ages 
of the water, after considering uncertainties in the ages. 
All intermediate aquifer system and Upper Floridan 
aquifer waters are probably greater than about 
10,000 years old, and many are greater than 20,000 years 
old (table 9). Thus, both aquifer systems may have been 
recharged under different hydraulic conditions than 
currently observed. 
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At the ROMP 9.5 site, water in the Upper 
Arcadia zone (PZ2) is younger than water in the Lower 
Arcadia zone (PZ3), considering the uncertainty ranges 
(table 9). This younger age may indicate the influence 
of recharge from the surficial aquifer system in PZ2. 
Water in PZ3 may be on a longer flow path moving 
laterally from an upgradient recharge area, or may be a 
mixture of younger water from PZ2 and older water in 
the Upper Floridan aquifer (table 9). Water in the 
Upper Floridan aquifer at the ROMP 9.5 site probably 
evolved over long flow paths from recharge areas to the 
north and east (Hanshaw and others, 1965; Plummer 
and others, 1983; Sacks and Tihansky, 1996). At the 
ROMP 13 and 17 sites, similar ages were computed for 
water in both the intermediate aquifer system and the 
Upper Floridan aquifer (table 9).

In contrast, waters at the ROMP 5 and 9 sites 
decrease in age between the intermediate aquifer 
system and Upper Floridan aquifer (table 9). Water in 
the Upper Floridan aquifer at these sites is about 
10,000 years younger than water sampled from the 
Upper Floridan aquifer at the other sites. These waters 
also had about four times higher chloride concentra-
tions than the other Upper Floridan aquifer waters. The 
younger apparent age at these sites is contradictory to 
the predevelopment flow direction in the Upper 
Floridan aquifer, which originates to the north and east 
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Figure 26.  Tritium concentration in rainfall in Ocala, 
Florida.
of the study area (Ryder, 1982; Plummer and others, 
1983). Because the ROMP 5 and 9 sites are down-
gradient of the other ROMP sites6, the Upper Floridan 
aquifer water would be expected to be older than water 
at the other ROMP sites. The hypothesis was tested that 
the saline end member for these waters is young, and 
mixing with the older Upper Floridan aquifer water 
results in a younger apparent age of water in these 
Upper Floridan aquifer wells. Assuming linear mixing 
between modern seawater (as the most extreme end 
member) and upgradient water (ROMP 9.5), a mixture 
of 40-percent seawater and 60-percent upgradient 
Upper Floridan aquifer water would account for the 
younger water at the ROMP 9 site. Such a mixture, 
however, would have a chloride concentration of about 
7,600 mg/L, which is more than an order of magnitude 
greater than the observed chloride concentration at the 
ROMP 9 site (500 mg/L). If the age of the seawater is 

Table 9.  Adjusted carbon-14 age of ground water at the 
ROMP 5, 9, 9.5, 13, and 17 sites from the intermediate 
aquifer system and the Upper Floridan aquifer

[MW, monitoring well; SUW, Suwannee; OW, observation well; 
PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, per-
meable zone 3 in the Lower Arcadia Formation; IAS, intermediate 
aquifer system; LPZ, lower permeable zone; CU(PZ3:UFA), confin-
ing unit between PZ3 and UFA; UFA, Upper Floridan aquifer]

Well
name

Principal
hydrogeologic

unit

Adjusted 
age 1

(years)

1 Adjusted using Fontes and Garnier (1979) correction model, which 
assumes carbon-14 activity of carbonate minerals and soil CO2 to be equal to 
0 and 100 percent modern carbon, respectively, and delta carbon-13 of car-
bonate minerals and soil CO2 to be equal to  0 and -25 per mil, respectively; 
age values rounded to nearest 1,000 years.

Range in ages 
due to analytical 

uncertainty2

(years) 

2For carbon-14 values greater than 10 percent modern carbon, analyti-
cal uncertainty is 2 percent modern carbon; for carbon-14 values less than 
10 percent modern carbon, analytical uncertainty is 1 percent modern car-
bon; for carbon-14 values less than 1 percent modern carbon, analytical 
uncertainty is assumed to be 0.5 percent modern carbon.

ROMP 5 MW2 PZ2 22,000 19,000-28,000
ROMP 5 MW3 PZ3 17,000 14,000-21,000
ROMP 5 SUW2 UFA 12,000 10,000-14,000
ROMP 9 OW13 PZ2 25,000 22,000-32,000
ROMP 9 OW14 PZ3 24,000 18,000-31,000
ROMP 9 OW15 UFA 15,000 11,000-22,000
ROMP 9.5 MW18 PZ2 10,000 9,000-11,000
ROMP 9.5 MW2 PZ3 18,000 15,000-23,000
ROMP 9.5 MW1 UFA 25,000 18,000-33,000
ROMP 13 MW2 PZ2 31,000 21,000-43,000
ROMP 13 MW3 PZ3 32,000 23,000-46,000
ROMP 13 MW4 UFA 26,000 20,000-32,000
ROMP 17 IAS LPZ PZ3 24,000 19,000-35,000
ROMP 17 UFA UFA 27,000 21,000-35,000
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older, then even higher chloride concentrations would 
be computed for the ROMP 9 site. Therefore, the 
younger age in the Upper Floridan aquifer at the 
ROMP 5 and 9 sites is not strictly a mixture between 
younger seawater and upgradient ground water, and 
may indicate mixing with another, perhaps shallower, 
freshwater end member.

Mineralogical and Isotopic Composition of 
Aquifer System Material

The mineralogy and isotopic composition of 
rocks that compose the aquifer system were evaluated 
50 Hydrogeologic Framework and Geochemistry of the Interme
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to assist in interpreting the chemical and isotopic com-
position of the ground water. These mineralogic and 
isotopic composition data also were used as input 
parameters to the geochemical model described in the 
following section. Mineralogy was defined by x-ray 
diffraction for eight intervals of the core from the 
ROMP 9.5 site (table 10) and from the literature. The 
intermediate aquifer system is a heterogeneous unit, 
with calcite, dolomite, and quartz being the most 
abundant minerals. The exact stoichiometry of calcite 
and dolomite in the intermediate aquifer system is 
unknown. Clay minerals in the aquifer system include 
Table 10.  Mineralogy, carbon content, and isotopic composition of organic and inorganic carbon from selected samples of the 
core at the ROMP 9.5 site, De Soto County, Florida

[Identifications, by x-ray diffraction, are ranked from highest to lowest intensity of the principle peak for each mineral; <1µm, less than one micrometer; per 
mil, parts per thousand; δ13C, delta carbon-13; ROMP, Regional Observation and Monitor-Well Program; PZ2, permeable zone 2 in the Upper Arcadia For-
mation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper Floridan aquifer; ?, uncertain identification; --, no data; NA, not applicable]

Sample 
depth 

below land 
surface 
(feet)

Hydrogeologic 
unit

Bulk contents Ultrafine clays (<1µm)

Organic car-
bon (tradi-

tional 
method)

(percent) 1

Organic carbon 
(persulfate 

method)
(percent) 2

Mean 
persulfate 
(percent)

Organic δ13C 
(per mil)

Inorganic 
δ13C 

(per mil)

68 PZ2 Quartz, dolomite, cal-
cite, and total clay

Palygorskite smectite, 
kaolinite (trace), and 
illite (trace ?)

1.5 2.16
1.14

1.65 -20.56 -0.24

188 confining unit 
between PZ2 

and PZ3

Dolomite, quartz, 
total clay, and 
calcite

Palygorskite, smectite, 
sepiolite, and kaolin-
ite

2.1 1.99
1.74

1.86 -20.46 --

239 PZ3 Calcite, dolomite, 
quartz, and total 
clay

Palygorskite, smectite, 
sepiolite, and kaolin-
ite

1.5 0.099
2.22

1.64 -22.38 --

280 PZ3 Quartz, calcite, potas-
sium feldspar, 
dolomite, plagio-
clase (trace ?), and 
total clay (?)

Smectite, sepiolite, 
palygorskite, and 
kaolinite

1.4 2.01
1.02
1.09

1.37 -21.11 -0.16

320 PZ3 Calcite, quartz, potas-
sium feldspar, pla-
gioclase (?), total 
clay (?), and dolo-
mite (trace ?)

Smectite, plagioclase, 
sepiolite (?), and 
kaolinite (trace)

1.3 0.11
0.05
0.42

0.19 -25.16 --

340 confining unit 
between PZ3 

and UFA

Calcite, quartz, pla-
gioclase, dolomite 
(trace ?), and 
potassium feldspar

Smectite, chain-structure 
clays (?), and kaolin-
ite (trace ?)

1.7 0.12
0.30

0.21 -22.11 --

480 UFA Calcite, quartz (trace), 
and total clay 
(trace)

Smectite, chain-structure 
clays (?), and kaolin-
ite (?)

2.2 0.29
0.10
0.10

0.16 -21.29 --

520 UFA Calcite, quartz, cristo-
balite (?), and total 
clay

Palygorskite, smectite 
(trace) and kaolinite 
(trace)

2.1 0.09
0.10
0.87

0.35 -23.44 --

Standard 
reference 
material 3

NA NA NA 2.0 1.90
1.85

0.19 -- --

1 Total organic carbon content determined by a combustion method (Wershaw and others, 1987); inorganic carbon content determined by 
a gasometric method (Wershaw and others, 1987); organic carbon content determined by subtracting inorganic carbon from organic carbon.

2 Organic carbon content determined by a modified persulfate-oxidation method (Sandstrom and others, 1986).
3 Analyzed using methods by Wershaw and others, (1987), and Sandstrom and others, (1986).
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illite, smectite, sepiolite, palygorskite, and kaolinite; 
other minor minerals include phosphatic minerals 
(apatite [Ca5(PO4)3(F,Cl,OH)], fluorapatite, and fran-
colite [(Ca,Na)5(PO4,CO3)3(F,OH)]), pyrite (FeS2), 
and celestite (SrSO4) (Scott, 1988; McCartan, Duerr, 
and Hawkins, 1992; McCartan, Plummer, and others, 
1992; Florida Geological Survey, written commun., 
1993; Kauffman, 1994; McCartan and others, 1995). 
Gypsum has not been found in the intermediate aquifer 
system.

The organic carbon content of the rock material 
in the intermediate aquifer system and Upper Floridan 
aquifer was determined from eight intervals of the core 
collected at the ROMP 9.5 site. The organic carbon con-
tent was relatively uniform, ranging from 1.3 to 
2.2 percent of the bulk material. In the intermediate 
aquifer system, the lowest amounts of organic carbon 
were in the permeable zones, with slightly higher 
amounts of organic carbon found in the confining units. 
The persulfate method provided similar results for sam-
ples from the upper zones of the core; however, results 
for samples from deeper zones were an order of magni-
tude lower than results using the traditional method, 
indicating incomplete recovery of organic carbon. It is 
probable that organic carbon in deeper zones is more 
resistant to oxidation than carbon in shallower zones. 

Selected intervals of the ROMP 9.5 core were 
analyzed for δ13C of the organic and inorganic carbon 
of the rock material (table 10). Values of δ13C of the 
organic carbon ranged from -20.46 to -25.16 per mil, 
with an average value of -22.1 per mil (table 10). These 
values are similar to those for organic carbon from a 
carbonate aquifer in South Carolina (McMahon and 
others, 1990). In the upper part of the intermediate 
aquifer system, δ13C of organic carbon was isotopi-
cally heavier than in the deeper part of the intermediate 
aquifer system and in the upper part of the Upper Flori-
dan aquifer. For inorganic carbon, the two samples had 
δ13C values near 0 per mil, indicating little change 
from seawater composition. Minerals were not distin-
guished in the analysis, but were observed to be both 
calcite and dolomite in the rock core. Other values of 
δ13C of calcite in the intermediate aquifer system range 
from -7.1 to 1.9 per mil (Sacks and Tihansky, 1996). 
Values of δ13C in the Floridan aquifer system range 
from -6.4 to 3.1 per mil for calcite and from -7.5 to 
3.1 per mil for dolomite (Hanshaw and Back 1972; 
Sprinkle, 1989; Cander, 1991; Sacks and Tihansky, 
1996).
Geochemical Evolution of Ground Water 
Along Flow Paths 

For ground-water resources in the intermediate 
aquifer system to be adequately protected from water-
quality degradation for future use, it is important to 
understand how water moves laterally within perme-
able zones and vertically between overlying and under-
lying permeable zones and aquifer systems. The 
geochemical model NETPATH was used (1) to evalu-
ate the lateral continuity of flow within permeable 
zones, (2) to determine the extent of mixing between 
overlying and underlying aquifer systems, and (3) to 
understand important geochemical reactions occurring 
within the aquifer.

Defining Flow Paths

Potentiometric-surface maps of the Upper 
Arcadia zone (PZ2) and the Lower Arcadia zone (PZ3) 
were used to establish preliminary flow paths (fig. 27). 
These paths assume that water in PZ2 and PZ3 moves 
laterally within the permeable zone between sites. 
Modifications were made to flow paths if no valid 
models were found. In PZ2, flow is from east-northeast 
to the west-southwest; in PZ3, flow is generally from 
east-southeast to west-northwest. Flow paths were 
modeled from upgradient to downgradient sites, but are 
inherently limited by well distribution. The flow paths 
were used to understand the chemical evolution of 
water in PZ2 at the ROMP 9.5, 9, and 5 sites (fig. 27a), 
and in PZ3 at the ROMP 17, 9.5, and 9 sites (fig. 27b). 

Besides lateral flow paths within a permeable 
zone, vertical mixing also was considered. Mixing 
directions were based on measured head differences 
between permeable zones and aquifer systems. Thus, 
reactions and mixing were typically computed between 
several initial wells and a final well along the flow path. 

Description of Geochemical Model and 
Assumptions

The geochemical model NETPATH (Plummer 
and others, 1994) computes a series of chemical reac-
tions between initial and final waters, given a set of 
constraints (elements, isotopes, or electron balance) 
and phases (including mineral dissolution or precipita-
tion, ion exchange, or gas exchange). The model also 
can compute the isotopic composition of the final 
water, provided that the isotopic composition of the ini-
tial water(s), and dissolving phases and fractionation 
factors of precipitating phases are defined. Although 
computed models cannot be validated, they can be 
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model NETPATH.
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rejected when they violate thermodynamic principles 
(for example, dissolution of a mineral from a supersat-
urated water) or when large discrepancies occur 
between the observed and computed isotopic composi-
tion of the final water. Models were constrained by 
calcium, magnesium, carbon, sulfur, electron balance 
(redox state), sodium, and in most cases, chloride. 
Mixing ratios were typically computed from chloride 
concentrations. Electron balance considerations were 
required to model redox reactions, such as oxidation of 
organic matter. 

Reaction phases that were considered include 
stoichiometric calcite and dolomite, organic matter 
(represented as CH2O in the models), CO2 gas, gyp-
sum, pyrite (FeS2), and cation exchange (Ca for Na and 
Mg for Na). Because of wide uncertainties in the sto-
ichiometry and saturation state of clay minerals, it is 
difficult to assess the validity of clay mineral precipita-
tion or dissolution models. Thus, the simplification was 
made that modeled cation exchange reactions also rep-
resent clay mineral dissolution and precipitation that 
involve the mass transfer of calcium, magnesium, and 
sodium. Most waters were saturated or supersaturated 
with respect to calcite, and so only calcite precipitation 
was considered. Dissolution was considered if initial or 
final waters were undersaturated with respect to disor-
dered dolomite (the prevalent form in the Upper Flori-
dan aquifer in the study area); dolomite precipitation 
was not considered to be a realistic geochemical pro-
cess in this freshwater aquifer. Gypsum has not been 
identified in the intermediate aquifer system, and the 
depositional environment during the Miocene was not 
conducive to the formation of permanent evaporite 
minerals. Minor amounts of gypsum dissolution, how-
ever, were sometimes considered to balance sulfate. All 
waters from the intermediate aquifer system had a sul-
fide odor, indicating sulfate-reducing conditions; at the 
ROMP 9.5 site, sulfide concentrations were greater 
than 1 mg/L (table 7). Pyrite precipitation was consid-
ered as a phase because of reducing conditions (where 
pyrite oxidation cannot occur). Iron concentrations typ-
ically are low, but measurable (5-500 µg/L) in the inter-
mediate aquifer system (Southwest Florida Water 
Management District, 1991; Sacks and Tihansky, 
1996), although iron was not analyzed in this study. 
The choice of carbon phases (CO2 gas and CH2O) were 
selected on the basis of geochemical modeling of the 
Upper Floridan aquifer (Plummer, 1977; Plummer and 
others, 1983); CH2O was only allowed to oxidize rep-
resenting microbial degradation of organic matter.

Sometimes several models were computed for a 
given flow path. Mixing ratios were usually similar, 
with models typically differing by the amount of mass 
transfer of CO2 and CH2O, and carbonate mineral and 
cation exchange reactions. Models with calculated 
δ13C values similar to observed values were considered 
more realistic than those with large discrepancies. 
Models without gypsum dissolution were favored over 
those containing gypsum dissolution, particularly 
when mixing could be an explanation for an increase in 
sulfate. Many models contained CO2 outgassing. The 
exact mechanism of carbon exchange (CO2 ingassing, 
fermentation, microbial respiration), however, is not 
well understood and is beyond the scope of the present 
study. Minor charge imbalances also can influence the 
mass transfer of neutral compounds like CH2O or CO2 
(Plummer and others, 1994, p. 15).

Upper Arcadia Zone (PZ2)

Water in the Upper Arcadia zone (PZ2) at the 
ROMP 9.5 site was modeled along a presumed flow 
path from an upgradient well in northern De Soto 
County, which is outside the immediate study area 
(ROMP 26; data from Sacks and Tihansky, 1996) 
(fig. 27a). The assumption was made that this water is 
chemically similar to upgradient water in the study 
area. Mixing with water from the Lower Arcadia zone 
(PZ3) was considered because heads were greater in 
PZ3 than in PZ2 along most of this path (figs. 8, 9, 10, 
and 27). Major ions increase in concentration along this 
path. A model with plausible reactions and similar 
computed and observed δ13C values had 12 percent of 
the water flowing laterally in PZ2 (initial 1 well, table 
11) and 88 percent of the water moving upward from 
PZ3 (initial 2 well, table 11). In that model, dominant 
reactions (greater than 0.20 millimoles per liter 
(mmol/L)) were CH2O oxidation, CO2 outgassing, 
pyrite precipitation, and cation exchange (also a surro-
gate for clay mineral reactions); no carbonate mineral 
reactions were computed. This model indicates that lat-
eral flow from the upgradient part of the aquifer is 
minor compared to upward flow from PZ3 in the evo-
lution of water in PZ2 at the ROMP 9.5 site.

Water in PZ2 at the ROMP 9 site was modeled 
on a flow path originating at the ROMP 9.5 site 
(fig. 27a). Mixing with water from PZ3 was considered 
because heads are higher in PZ3 than in PZ2. All major 
ions increase along this path, except for bicarbonate, 
which decreases slightly. Although a lateral head dif-
ference exists from the ROMP 9.5 site to the ROMP 9 
site, model results indicate that limited lateral flow 
occurs in PZ2 between these two sites (less than 
10 percent), and the source of most of the water in PZ2 
Geochemistry of Aquifer Systems 53
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at the ROMP 9 site is upward flow from PZ3 (table 11). 
An alternate scenario for evolution of water at the 
ROMP 9 site had no lateral flow occurring within PZ2 
and a minor fraction (7 percent) of localized recharge 
from the surficial aquifer system mixing with deeper 
water from PZ3 (table 11). Surficial aquifer system 
water is not recharging the intermediate aquifer system 
under current hydraulic conditions, but this recharge 
scenario does indicate that water in PZ2 at the ROMP 
9 site could have evolved in a very localized system, 
isolated from upgradient PZ2 waters. Dominant reac-
tions computed for either scenario include calcite pre-
cipitation, CH2O oxidation, CO2 outgassing, and 
pyrite precipitation.

The last flow path modeled in PZ2 was from the 
ROMP 13 site to the ROMP 5 site (fig 27a). Along this 
path, recharge from the surficial aquifer system at the 
ROMP 13 site was considered because this site is in a 
recharge setting (fig. 9). Upward flow from PZ3 at the 
ROMP 5 site also was considered because the head in 
PZ3 is substantially greater than the head in PZ2 at this 
site (figs. 9 and 10). Most major ions increase along 
this path, except for bicarbonate, which decreases 
slightly, and magnesium, which remains the same. A 
plausible model for this flow path had 44 percent of 
water moving laterally, 32 percent recharging from the 
surficial aquifer system, and 24 percent moving 
upward from PZ3 (table 11). This path has less upward 
flow than the other flow paths modeled in PZ2, which 
is consistent with a low leakance value expected 
between PZ2 and PZ3 at the ROMP 5 site. Dominant 
chemical reactions along this path are calcite dissolu-
tion (water from surficial aquifer system at ROMP 13 
is undersaturated with calcite), CH2O oxidation, and 
CO2 outgassing.

Lower Arcadia Zone (PZ3)

Two upgradient sites were tested as the initial 
water for lateral flow in the Lower Arcadia zone (PZ3): 
the ROMP 13 and ROMP 5 sites. Water from PZ3 at the 
ROMP 5 site had the highest chloride concentration of 
all waters sampled, and models were not realistic with 
large decreases in chloride along the path (for example, 
substantial amounts of recharge would need to occur 
from the surficial aquifer system, which is contrary to 
head differences). Thus, water from the ROMP 13 site 
was considered to be the upgradient end member for 
lateral flow in PZ3.
The first PZ3 flow path modeled was from the 
ROMP 13 site to the ROMP 17 site (fig. 27b). Mixing 
with water from the Upper Floridan aquifer was con-
sidered because heads are greater in the Upper Floridan 
aquifer than in PZ3 at the ROMP 17 site (figs. 9 and 
10). Most major ions increase in concentration in PZ3 
between the ROMP 13 and ROMP 17 sites; sodium and 
bicarbonate concentrations decrease slightly. The com-
position of water in PZ3 at the ROMP 17 site can be 
modeled by mixing 33 percent of water moving later-
ally from PZ3 at the ROMP 13 site with 67 percent 
moving upward from the deepest part of the intermedi-
ate aquifer system and the Upper Floridan aquifer 
(fig. 5). At the ROMP 17 site, these NETPATH model-
ing results indicate that mixing with water from the 
Upper Floridan aquifer is important in the evolution of 
water in PZ3. Dominant reactions for this path were 
calcite precipitation and cation exchange (table 11).

The next path modeled in PZ3 was between the 
ROMP 13 and ROMP 9.5 sites (fig. 27b). Mixing with 
water from the Upper Floridan aquifer was considered 
for this path because heads are greater in the Upper 
Floridan aquifer than in PZ3. Major ions increase or are 
similar in concentration along this path. No plausible 
models were computed for this flow path from the 
ROMP 13 site to the ROMP 9.5 site when mixing from 
the Upper Floridan aquifer was considered. Computed 
δ13C values were not close to observed values, and 
some models computed gypsum precipitation, which is 
not likely because waters are undersaturated with 
respect to gypsum. A model with improved δ13C val-
ues was computed when considering mixing with 
another lateral source of water from PZ3 (ROMP 9), 
with no mixing from the Upper Floridan aquifer. This 
model has 86 percent of the water coming from PZ3 at 
the ROMP 13 site and 14 percent from PZ3 at the 
ROMP 9 site (table 11). Major reactions include calcite 
precipitation, CH2O oxidation, and cation exchange. 
Although the low sulfate concentration in PZ3 at the 
ROMP 9.5 site seems anomalous, it indicates that this 
zone is isolated chemically from the Upper Floridan 
aquifer, which has a higher sulfate concentration 
(fig. 23). This NETPATH modeling conclusion is con-
trary to aquifer test results and computed values of lea-
kance, which suggest that a hydraulic connection exists 
between PZ3 and the Upper Floridan aquifer at the 
ROMP 9.5 site. Reasons for this apparent contradiction 
are unresolved and warrant further investigation. It is 
possible that computed leakance from the aquifer test 
could have been overestimated. Alternatively, low 
Geochemistry of Aquifer Systems 55



ground-water withdrawals from PZ3 could have 
resulted in water in PZ3 that is chemically isolated 
from the Upper Floridan aquifer. If withdrawals 
increase, leakage from the Upper Floridan aquifer may 
result in degraded water quality in PZ3 (particularly 
increased sulfate concentrations).

The last flow path modeled in PZ3 was between 
the ROMP 13 and ROMP 9 sites (fig. 27b). Mixing 
with water from the Upper Floridan aquifer was again 
considered because heads are greater in the Upper 
Floridan aquifer than in PZ3 at the ROMP 13 site (but 
not presently at the ROMP 9 site). At present, the small 
downward head difference observed at the ROMP 9 
site between PZ3 and the Upper Floridan aquifer can 
not be explained. The chemical evolution of water in 
the intermediate aquifer system and the Upper Floridan 
aquifer at the ROMP 9 site presumably predates 
ground-water pumpage in the area (for example, car-
bon-14 modeled ages were greater than 10,000 years 
old; table 9). All major ions increase in concentration 
along this path from the ROMP 13 to ROMP 9 sites, 
except for bicarbonate, which decreases in concentra-
tion. A plausible model for this path had 9 percent of 
water moving laterally mixing with 91 percent moving 
upward from the Upper Floridan aquifer. This model 
indicates that the evolution of water in PZ3 at the 
ROMP 9 site is dominated by water from the Upper 
Floridan aquifer, and lateral flow is essentially insignif-
icant. Dominant reactions along this path include 
calcite precipitation, CH2O oxidation, CO2 outgassing, 
and pyrite precipitation.

Importance of Geochemical Modeling in 
Assessing Ground-Water Flow

Several important findings about flow patterns in 
the intermediate aquifer system have been corroborated 
by combining geochemical modeling with hydraulic 
head data. Geochemical modeling results suggest that 
vertical flow from underlying aquifers is important in 
the evolution of water in the intermediate aquifer sys-
tem. Flow patterns derived only from potentiometric-
surface maps may be misleading because the maps are 
based on an assumption of a homogenous, isotropic 
system where lateral flow is the dominant ground-
water flow component. When vertical flow is incorpo-
rated with lateral flow paths, however, a more realistic 
assessment of ground-water flow patterns is possible. 
The study area is primarily an area of discharge from 
56 Hydrogeologic Framework and Geochemistry of the Interme
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the Upper Floridan aquifer to the intermediate aquifer 
system, and upward head differences dominate (fig. 9). 
The potential for downward flow between permeable 
zones and recharge from the surficial aquifer system 
probably occurs in the intermediate aquifer system to 
the north and in the eastern part of the study area 
(ROMP 13, fig. 9). The downward head difference 
from the surficial aquifer system to PZ2 at the ROMP 5 
site is anomalous and cannot be explained at this time. 

Results from NETPATH geochemical modeling 
suggest that recent flow patterns delineated strictly on 
the basis of potentiometric-surface maps do not accu-
rately represent predevelopment ground-water flow 
paths in PZ3. For example, water from the ROMP 5 site 
does not appear to influence the chemical composition 
of water to the northeast, along presumed flow paths. 
Present-day flow paths in PZ3 probably have been 
modified by ground-water withdrawals, particularly in 
the Upper Floridan aquifer to the north and west of the 
study area. The chemical composition of intermediate 
aquifer system waters sampled during this study most 
likely reflect predevelopment conditions. 

Besides mixing, two dominant reactions that 
control the composition of water in the intermediate 
aquifer system are oxidation of organic matter (most 
likely microbially mediated; McMahon and others, 
1990) and cation exchange (and other clay-mineral 
reactions). Calcite precipitation also was consistently 
modeled, but mass transfer of dolomite was minimal. 

Although geochemical modeling indicates areas 
where upward flow strongly influences the chemical 
evolution of ground water in the intermediate aquifer 
system, it does not provide information on the mecha-
nism, location, and timing of this upward flow. For 
example, it is likely that upward flow has occurred as 
slow diffuse flow through confining units, although 
preferential flow through fractures or paleokarst fea-
tures may locally reduce confinement. In addition, 
areas where large amounts of upward flow are modeled 
may actually indicate that the permeable zone is not 
continuous, thereby limiting lateral flow. An alterna-
tive mechanism for mixing deeper ground water into 
shallower zones is flow through wells open to both the 
Upper Floridan aquifer and intermediate aquifer sys-
tem (Metz and Brendle, 1996). The location of mixing 
along a flow path also is not known, and models are 
inherently limited by availability and distribution of 
wells. 
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



SUMMARY 

The hydrogeologic framework and the geochem-
ical processes controlling ground-water composition in 
parts of Charlotte, De Soto, and Sarasota Counties, 
Florida, were evaluated. Particular emphasis was given 
to the analysis of hydrogeologic and geochemical data 
for the intermediate aquifer system. 

The geologic framework that forms the aquifer 
systems in the study area consists of undifferentiated 
surficial deposits, the heterogeneous marine deposits 
comprising the Hawthorn Group, and the persistent 
carbonates comprising the Suwannee Limestone, 
Ocala Limestone, and Avon Park Formation. The 
stratigraphic and hydraulic units forming the hydrogeo-
logic framework were delineated using lithologic and 
geophysical logs, water levels, water quality, and 
hydraulic characteristics from five existing Regional 
Observation and Monitor-Well Program (ROMP) sites 
and one new ROMP test site constructed in De Soto 
County during this study. 

The regional ground-water system underlying 
the study area consists of a sequence of aquifers and 
confining units, each containing discrete zones of vary-
ing permeabilities. The principal hydrogeologic units 
that underlie the study area are the surficial aquifer 
system, the intermediate aquifer system, and the Upper 
Floridan aquifer. Aquifer heterogeneity results in verti-
cal and areal variability in hydraulic and water-quality 
properties.

The surficial aquifer system is the uppermost 
aquifer and consists of relatively thin, unconsolidated 
sand, shell, and limestone and is unconfined. The thick-
ness of the surficial aquifer system ranges from 19 ft at 
the ROMP 13 site to 69 ft at the ROMP 5 site. Hydrau-
lic properties are variable because of the large range of 
horizontal hydraulic conductivity for the lithologic 
units that make up the aquifer. Transmissivity and 
horizontal hydraulic conductivity range from 752 to 
32,900 ft2/d and from 33 to1,490 ft/d, respectively. 

The intermediate aquifer system is a confined 
system, having as many as three permeable zones. It is 
composed of clastic sediments interbedded with 
carbonate rocks. Interbedded clay and finer grained 
clastics separate the permeable zones. On a regional 
scale, the heterogeneous distribution of carbonate and 
siliciclastic sediments makes delineation of water-
producing zones within the intermediate aquifer system 
difficult to characterize, both in quality and quantity. 
The hydraulic properties of these zones vary depending 
on (1) the original texture of the sediments and (2) post-
depositional processes such as dolomitization, recrys-
tallization, fracturing, and dissolution. Based on inter-
pretation from test-hole data, two apparent water-
producing zones were delineated at the ROMP 5 and 
9.5 sites and three were delineated at the ROMP 9, 12, 
13, and 17 sites.

The uppermost permeable zone of the intermedi-
ate aquifer system is designated as the Tamiami/Peace 
River zone (PZ1), which is the thinnest and least 
productive zone. The thickness of the Tamiami/Peace 
River zone (where it exists) ranges from 24 ft 
(ROMP 9) to 49 ft (ROMP 12). The reported values 
for transmissivity, horizontal hydraulic conductivity, 
and specific capacity were 47 and 5,420 ft2/d; 2 and 
102 ft/d; and 2 and 160 gal/min/ft for the ROMP 9 and 
12 sites, respectively. 

The second permeable zone of the intermediate 
aquifer system is designated as the Upper Arcadia zone 
(PZ2). Productivity in this zone is moderate but higher 
than the overlying permeable zone. The thickness of 
the Upper Arcadia zone ranges from 53 ft (ROMP 9) to 
131 ft (ROMP 12). The Upper Arcadia zone is sepa-
rated from the Tamiami/Peace River zone by a clay bed 
within the Peace River Formation. The clay bed is 
thinner in the northern study area than in the southern 
study area. The clay ranges in thickness from about 20 
to about 60 ft. Hydraulic properties of PZ2 were esti-
mated from aquifer tests conducted at four of the 
ROMP sites in the study area. The reported ranges for 
transmissivity, horizontal hydraulic conductivity, and 
specific capacity were 258 to 24,633 ft2/d; 2 to 14 ft/d; 
and 1 to 47 gal/min/ft, respectively.

The third and lowermost permeable zone of the 
intermediate aquifer system is designated as the Lower 
Arcadia zone (PZ3), and is typically the most produc-
tive zone. The thickness of PZ3 ranges from 57 ft 
(ROMP 13) to 234 ft (ROMP 12). The hydraulic prop-
erties of PZ3 are more variable than overlying zones 
and are probably related to the degree of solution 
development within the limestone and dolomite beds. 
Hydraulic properties of PZ3 were estimated from aqui-
fer tests conducted at five of the ROMP sites. The 
reported ranges for transmissivity, horizontal hydraulic 
conductivity, and specific capacity were 766 to 
44,900 ft2/d; 10 to 201 ft/d; and 3 to 49 gal/min/ft, 
respectively.

The Upper Floridan aquifer is the lowermost 
aquifer included in this study, and consists of a thick, 
stratified sequence of limestone and dolomite. The 
Upper Floridan aquifer is the most productive aquifer 
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in the study area; however, use of the aquifer is gener-
ally restricted because of poor water quality. Generally, 
permeability of the Upper Floridan aquifer is very high 
in parts of the Avon Park Formation, somewhat lower 
in the Suwannee Limestone, and lowest in the Ocala 
Limestone. Hydraulic properties have been estimated 
from aquifer tests conducted at five of the ROMP sites 
in the study area. Aquifer test data are presented for 
wells that only penetrated the Suwannee Limestone. 
The reported values for transmissivity, horizontal 
hydraulic conductivity, and specific capacity were 
2,350 to 7,640 ft2/d; 10 to 41 ft/d; and 3 to 24 ga/min/ft, 
respectively. The relatively low hydraulic properties 
reported for the Suwannee Limestone indicate that a 
substantial water-production zone was not tested in the 
Upper Floridan aquifer. 

Confining units separating permeable zones and 
aquifers in the study area consist of clays and low 
permeable carbonates. Variation in hydraulic proper-
ties of the confining units vary according to lithology 
and thickness. Confining units separating the aquifer 
systems have leakance coefficients estimated to range 
from 2.3 x 10-5 to 5.6 x 10-3 (ft/d/ft). Strata composing 
the confining unit separating the Upper Floridan 
aquifer from the intermediate aquifer system is sub-
stantially more permeable than the overlying confining 
units.

Heads within the hydrogeologic units generally 
increase with aquifer depth except in the eastern part of 
the study area. Five of the six ROMP sites are located 
in discharge areas where the flow potential is upward. 
At the ROMP 5 site, an anomalous mixed head differ-
ence exists and a downward head was observed 
between the surficial aquifer system and PZ2.

This study used hydrogeologic and geochemical 
information to evaluate the hydraulic connection 
between permeable zones within the intermediate 
aquifer system and between overlying and underlying 
aquifer systems. Knowledge of these connections will 
ultimately help to protect ground-water quality in the 
intermediate aquifer system. Hydraulic connection 
between the hydrogeologic units is variable in the study 
area. The degree of hydraulic connection probably 
depends on the presence and thickness of clay beds 
within the confining units; however, many facies 
changes within the confining units result in local 
hydraulic connection with overlying and underlying 
aquifers. Generally, a hydraulic connection exists 
between the Upper Floridan aquifer and PZ3. Rela-
tively small head differences (up to 5 ft) exist and water 
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levels in wells finished in either aquifer respond to 
pumping from above or below. Little hydraulic connec-
tion exists between PZ3 and PZ2. Moderate head dif-
ferences (up to 12 ft) exist and hydraulic separation is 
evidenced by little or no water-level response when one 
or the other zone is pumped. Little hydraulic connec-
tion also exists between the surficial aquifer system and 
either PZ1 or PZ2. Relatively larger head differences 
are observed (up to 8 ft) and aquifer testing on the 
zones shows no response when one or the other is 
pumped. 

Water in the surficial aquifer system was chemi-
cally more dilute than water in underlying aquifers and 
generally was a calcium bicarbonate type. Water in the 
intermediate aquifer system had a wide range in chem-
ical composition, but generally fit into two categories. 
At the more inland sites, water was a mixed ion or 
mixed cation-bicarbonate type. Sites closer to the coast 
had a sodium-chloride or mixed cation-chloride type 
water. Water within the same permeable zone of the 
intermediate aquifer system did not have a distinct 
chemical composition throughout the study area. Water 
from the Upper Floridan aquifer also was variable in 
the study area and did not have a dominant cation. 
The chemical character of water between PZ3 and the 
Upper Floridan aquifer was quite similar at some sites 
(ROMP 5 and ROMP 9), but was distinctly different at 
other sites (ROMP 9.5). Water from the Upper Floridan 
aquifer had higher excess sulfate concentrations (equa-
tion 5) than water from overlying aquifers.

Most water from the surficial aquifer system had 
lighter δD and δ18O values than waters from the inter-
mediate aquifer system or the Upper Floridan aquifer. 
Water from the surficial aquifer system most likely rep-
resents a mixture of meteoric water having an isotopi-
cally light composition and ground water that has been 
recharged by water that has undergone evaporation and 
may be the result of an enriched isotopic composition. 
Waters from the intermediate aquifer system and the 
Upper Floridan aquifer may be the result of recharge 
that occurred under different climatic conditions than 
those under present conditions. Waters from the three 
aquifer systems have isotopically distinct δ13C signa-
tures of dissolved inorganic carbon, which is related to 
the evolution of inorganic carbon (soil CO2 and reac-
tions with carbonate minerals).

Based on data for 14C of dissolved inorganic 
carbon, all intermediate aquifer system and Upper 
Floridan aquifer waters are probably greater than 
10,000 years old, and many waters are greater than 
diate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 



20,000 years old. Thus, both aquifer systems may have 
been recharged under different hydraulic conditions 
than currently observed.

Several important findings about flow patterns in 
the intermediate aquifer system have been supported 
by combining geochemical modeling with hydraulic 
head data. Vertical flow from underlying aquifers is 
important in the evolution of water in the intermediate 
aquifer system. Flow patterns derived only from poten-
tiometric-surface maps may be misleading because the 
maps presume lateral flow paths. Recent flow patterns 
delineated strictly by potentiometric-surface maps also 
do not represent predevelopment ground-water flow 
paths. The chemical composition of intermediate aqui-
fer system waters most likely reflects predevelopment 
conditions. Besides vertical mixing, two dominant pro-
cesses that control the composition of water in the 
intermediate aquifer system are oxidation of organic 
matter and cation exchange. Areas where geochemical 
models indicate large amounts of upward flow may 
actually indicate discontinuity of the permeable zone, 
thereby limiting lateral flow.
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Appendix A.  Depth of geologic formations determined by the Florida Geological Survey (FGS) at the ROMP 5, 9, 9.5, 12, 13, 
and 17 sites 

[ft, feet; lsd, land surface datum; msl, mean sea level; na, not available]

Site

Well
identifica-

tion
number

Land
surface
datum1

Lithologic unit
Thick-
ness
in ft

Top 
below 

lsd in ft

Bottom 
below

lsd in ft

Top 
above

or below
msl in ft

Bottom
above

or below
msl in ft

ROMP 5 W-16913 40 Undifferentiated Surficial Deposits 69 0 69 40 -29
Peace River Formation 59 69 128 -29 -88
Undifferentiated Arcadia Formation (upper unit) 380 128 508 -88 -468
Nocatee Member 53 508 561 -468 -521
Undifferentiated Arcadia Formation (lower unit) 150 561 711 -521 -671
Suwannee Limestone 278 711 989 -671 -949
Ocala Limestone 281 989 1,270 -949 -1230
Avon Park Formation na 1,270 na -1230 na

 

ROMP 9 W-17056 25 Undifferentiated Surficial Deposits 28 0 28 25 -3

Peace River Formation 81 28 109 -3 -84

Undifferentiated Arcadia Formation (upper unit) 89 109 198 -84 -173

Tampa Member 119 198 317 -173 -292

Nocatee Member 100 317 417 -292 -392

Undifferentiated Arcadia Formation (lower unit) 128 417 545 -392 -520

Suwannee Limestone 320 545 865 -520 -840

Ocala Limestone 284 865 1,149 -840 -1124

Avon Park Formation na 1,149 na -1124 na

ROMP9.5 W-17597 38 Undifferentiated Surficial Deposits 34 0 34 38 4
Peace River Formation 19 34 53 4 -15
Undifferentiated Arcadia Formation (upper unit) 171 53 224 -15 -186
Tampa Member 174 224 398 -186 -360
Nocatee Member 56 398 454 -360 -416

ROMP 12 W-16578 41 Undifferentiated Surficial Deposits 40 0 40 41 1

Peace River Formation 136 40 176 1 -135

Undifferentiated Arcadia Formation (upper unit) 230 176 406 -135 -365

Nocatee Member 196 406 602 -365 -561

Undifferentiated Arcadia Formation (lower unit) 117 602 719 -561 -678

Suwannee Limestone 186 719 905 -678 -864

Ocala Limestone 227 905 1,132 -864 -1,091

Avon Park Formation 958 1,132 2,090 -1091 -2,049
 

ROMP 13 W-17396 60 Undifferentiated Surficial Deposits 19 0 19 60 41

Peace River Formation 188 19 207 41 -147

Undifferentiated Arcadia Formation (upper unit) 322 207 529 -147 -469

Nocatee Member 136 529 665 -469 -605

Undifferentiated Arcadia Formation (lower unit) 34 665 699 -605 -639

Suwannee Limestone 78 699 777 -639 -717

Ocala Limestone 284 777 1,061 -717 -1001

Avon Park Formation  na 1,061 na -1001 na

ROMP 17 W-15303 22 Undifferentiated Surficial Deposits 26 0 26 22 -4

Peace River Formation 53 26 79 -4 -57

Undifferentiated Arcadia Formation (upper unit) 100 79 179 -57 -157

Tampa Member 113 179 292 -157 -270

Nocatee Member 147 292 439 -270 -417

Suwannee Limestone 401 439 840 -417 -818

Ocala Limestone 275 840 1,115 -818 -1093

Avon Park Formation  na 1,115 na -1093 na
64 Hydrogeologic Framework and Geochemistry of the Intermediate Aquifer System in Parts of Charlotte, De Soto, and Sarasota 
Counties, Florida



A
p

p
en

d
ix

 B
.  

 H
yd

ro
ge

ol
og

ic
, l

ith
os

tr
at

ig
ra

ph
ic

, a
nd

 b
or

eh
ol

e 
ge

op
hy

si
ca

l d
at

a 
co

lle
ct

ed
 a

t t
he

 R
O

M
P

 5
, 9

, 9
.5

, 1
2,

 1
3,

 a
nd

 1
7 

si
te

s.
Appendix
 65



A
p

p
en

d
ix

 B
.  

 H
yd

ro
ge

ol
og

ic
, l

ith
os

tr
at

ig
ra

ph
ic

, a
nd

 b
or

eh
ol

e 
ge

op
hy

si
ca

l d
at

a 
co

lle
ct

ed
 a

t t
he

 R
O

M
P

 5
, 9

, 9
.5

, 1
2,

 1
3,

 a
nd

 1
7 

si
te

s.
--

C
on

tin
ue

d

66 Hydrogeologic Framework and Geochemistry of the Intermediate Aquifer System in Parts of Charlotte, De Soto, and Sara
Counties, Florida
sota 



A
p

p
en

d
ix

 B
.  

 H
yd

ro
ge

ol
og

ic
, l

ith
os

tr
at

ig
ra

ph
ic

, a
nd

 b
or

eh
ol

e 
ge

op
hy

si
ca

l d
at

a 
co

lle
ct

ed
 a

t t
he

 R
O

M
P

 5
, 9

, 9
.5

, 1
2,

 1
3,

 a
nd

 1
7 

si
te

s.
--

C
on

tin
ue

d

Appendix
 67



A
p

p
en

d
ix

 B
.  

 H
yd

ro
ge

ol
og

ic
, l

ith
os

tr
at

ig
ra

ph
ic

, a
nd

 b
or

eh
ol

e 
ge

op
hy

si
ca

l d
at

a 
co

lle
ct

ed
 a

t t
he

 R
O

M
P

 5
, 9

, 9
.5

, 1
2,

 1
3,

 a
nd

 1
7 

si
te

s.
--

C
on

tin
ue

d

68 Hydrogeologic Framework and Geochemistry of the Intermediate Aquifer System in Parts of Charlotte, De Soto, and Sara
Counties, Florida
sota 



A
p

p
en

d
ix

 B
.  

 H
yd

ro
ge

ol
og

ic
, l

ith
os

tr
at

ig
ra

ph
ic

, a
nd

 b
or

eh
ol

e 
ge

op
hy

si
ca

l d
at

a 
co

lle
ct

ed
 a

t t
he

 R
O

M
P

 5
, 9

, 9
.5

, 1
2,

 1
3,

 a
nd

 1
7 

si
te

s.
--

C
on

tin
ue

d

Appendix
 69



A
p

p
en

d
ix

 B
.  

 H
yd

ro
ge

ol
og

ic
, l

ith
os

tr
at

ig
ra

ph
ic

, a
nd

 b
or

eh
ol

e 
ge

op
hy

si
ca

l d
at

a 
co

lle
ct

ed
 a

t t
he

 R
O

M
P

 5
, 9

, 9
.5

, 1
2,

 1
3,

 a
nd

 1
7 

si
te

s.
--

C
on

tin
ue

d

70 Hydrogeologic Framework and Geochemistry of the Intermediate Aquifer System in Parts of Charlotte, De Soto, and S
Counties, Florida
arasota 



Appendix C.  Classification criteria used to describe the hydrog
eologic units at the ROMP 5, 9, 9.5, 12, 13, and 17 sites 
[SAS, surficial aquifer system; CU, confining unit of the intermediate aquifer system; PZ1, permeable zone 1 in the Tamiami/Peace River 
Formation; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper 
Floridan aquifer; BH, borehole data; GP, geophysical data; WQ, water-quality data]

Site
Hydrogeo-
logic unit

Depth below 
land surface, 

in feet

Depth above 
(+) or 

below (-) sea 
level, in feet

Criteria

ROMP 5 SAS 0-69 +40-29 Lithology: unconsolidated quartz sand and shell beds with porosity ranging from 
15-50 percent; possibly high permeability from 49-64 ft bls (app. B); GP: gamma 
peak at about 64 ft

CU 69-128 -29-88 Lithology: persistent low permeability clay and phosphatic sediments

PZ2 128-184 -88-144 Lithology: visual observation of permeable sediments from 144 to 159 ft; BH: 
water-level rise below 128 ft; GP: higher formation resistivity from about 128 to 
190 ft

CU 184-433 -144-393 Lithology: persistent low permeability sediments, although some permeable sedi-
ments are contained within; BH: decrease in flow below 180 ft

PZ3 433-613 -393-573 BH: water-level rise below 450 ft; end of production on flow log; WQ: rise in 
specific conductance, chloride, and sulfate below 450 ft (fig. 23)

CU 613-711 -573-671 Lithology: persistent low permeability sediments, although some permeable 
sediments are contained within

UFA 711 -671 Lithology: top of Suwannee Limestone picked at 711 ft; 
GP: gamma radiation decreases significantly below 711 ft; 
WQ: increase in chloride concentration below 740 ft 

ROMP 9 SAS 0-28 +25-3 Lithology: unconsolidated, high permeability quartz sand and shell beds; GP: 
gamma peak at 28 ft bls (app. B)

CU 28-40 -3-15 Lithology: persistent low permeability clay and chert sediments

PZ1 40-64 -15-39 Unnamed permeable zone within the Peace River Formation, probably discontinu-
ous; Lithology: bottom of chert bed; top of high permeability limestone and sand 
sediments; BH: water-level rise below 40 ft; WQ: field specific conductance, chlo-
ride, and sulfate different than in underlying PZ2 (fig. 23)

CU 64-112 -39-87 Lithology: top of persistent low permeability sediments, although some permeable 
sediments are contained within

PZ2 112-165 -87-140 Lithology: high permeability limestone and sand sediments; BH: water-level rise 
below 119 ft; increase in flow below 120 ft; GP: gamma kick at bottom; WQ: 
increase in field conductance, chloride, and sulfate at 124 ft

CU 165-195 -140-170 Lithology: persistent low permeability carbonate and increase clay content; BH: no 
significant change in water level or flow; GP: low formation resistivity between 
165 and 195 ft; gamma kick at bottom

PZ3 195-320 -170-295 Lithology: interbedded high and low permeability sediments; BH: rise in water 
level below 195 ft; GP: high resistivity between 195 and 320 ft; significant rise in 
flow below 195 ft (may be related to change in borehole diameter)

CU 320-545 -295-520 Lithology: persistent low permeability sediments; BH: no significant change in 
water level;  GP: low formation resistivity between 320 and 545 ft

UFA 545 -520 Lithology: top of Suwannee Limestone picked at 545 ft; interbedded high and low 
permeability sediments below 545 ft; BH: rise in flow between 500 and 555 ft ;
GP: gamma radiation decreases below 545 ft
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ROMP 9.5 SAS 0-34 +38+4 Lithology: unconsolidated quartz sand with porosity ranging from 20 to 30 percent; 

CU 34-68 +4-32 Lithology: low permeability clay and low porosity carbonate sediments; BH: low 
specific capacity; GP: gamma peak at 37 ft (app. B); low formation resistivity from 
37 to 68 ft

PZ2 68-95 -32-59 Lithology: interbedded high and low permeability sediments; 
BH: rise in water level below 74 ft; higher specific capacity than overlying interval; 
GP: high formation resistivity between 68 and 95 ft

CU 95-206 -59-170 Lithology: persistent low permeability sediments;
BH: decline in water level; low specific capacity;
GP: low formation resistivity

PZ3 206-330 -170-294 Lithology: interbedded high and low permeability sediments; 
BH: rise in water level; higher specific capacity than overlying CU; 
GP: high formation resistivity between 206 and 330 ft; 

CU 330-454 -294-418 Lithology: persistent low permeability sediments;
BH: no significant change in water level; lower specific capacity than overlying 
PZ3; GP: low formation resistivity
WQ: increase in chloride and sulfate concentration at top (fig. 23)

UFA 454 -418 Lithology: top of Suwannee Limestone picked at 454 ft; interbedded high and low 
permeability sediments below 454 ft; BH: rise in water level below 458 ft; high 
specific capacity in 493 to 513 ft interval; GP: gamma radiation decreases signifi-
cantly below 454 ft; rise in borehole water temperature and fluid conductance, and 
decline in fluid resistivity below 475 ft; WQ: rise in field specific conductance, 
hardness, dissolved solids, magnesium, sulfate, and strontium in the 500 to 800 ft 
interval.

ROMP 12 SAS 0-40 +41+1 Lithology: unconsolidated, high to low permeability quartz sand, shell, limestone, 
and phosphate beds (app. B)

CU 40-57 +1-16 Lithology: persistent low permeability sediments

PZ1 57-106 -16-65 Unnamed permeable zone within the Peace River Formation, probably discontinu-
ous; Lithology: interbedded high and low permeability sediments; BH: rise in water 
level at about 70 ft.

CU 106-275 -65-266 Lithology: persistent low permeability sediments;
GP: gamma radiation increases below 125 ft

PZ2 275-406 -266-397 Lithology: interbedded high and low permeability sediments;
GP: gamma radiation decreases at about 275 ft

CU 406-465 -397-456 Lithology: persistent low permeability sediments;
BH: decline in water level at 410 ft;
GP: gamma radiation decreases at about 405 ft

PZ3 465-699 -456-690 Lithology: interbedded high and low permeability sediments;
BH: rise in water level at about 470 ft

CU 699-719 -690-710 Lithology: persistent low permeability sediments;
GP: gamma radiation increases at about 699 ft

UFA 719 -710 Lithology: top of Suwannee Limestone picked at 719 ft; interbedded high and low 
permeability sediments below 719 ft;
GP: small decrease in gamma radiation at 719 ft

Appendix C.  Classification criteria used to describe the hydrogeologic units at the ROMP 5, 9, 9.5, 12, 13, and 17 sites  
(Continued)

[SAS, surficial aquifer system; CU, confining unit of the intermediate aquifer system; PZ1, permeable zone 1 in the Tamiami/Peace River 
Formation; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper 
Floridan aquifer; BH, borehole data; GP, geophysical data; WQ, water-quality data]

Site
Hydrogeo-
logic unit

Depth below 
land surface, 

in feet

Depth above 
(+) or 

below (-) sea 
level, in feet

Criteria
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ROMP 13 SAS 0-19 +62+43 Lithology: unconsolidated quartz sand with porosity ranging between 25 and 35 
percent; relatively permeable beds (ROMP 13 Tech. Pub., 1998, Phase 2, fig 7); 
GP: gamma peak at 19 ft (app. B)

CU 19-99 +43-37 Lithology: relatively impermeable beds (ROMP 13 Tech. Pub., 1998, Phase 2, 
fig. 7); WQ: increase in chloride at about 26 ft (fig. 23)

PZ1 99-111 -37-40 Unnamed permeable zone within the Peace River Formation, probably discontinu-
ous; Lithology: interbedded high and low permeability sediments; GP: increase in 
formation resistivity below 99 ft

CU 111-129 -40-58 Lithology: persistent low permeability sediments; GP: decrease in formation resis-
tivity between 111 and 129 ft

 PZ1 129-144 -58-73 Unnamed permeable zone within the Peace River Formation, probably discontinu-
ous; Lithology: interbedded high and low permeability sediments

CU 144-275 -73-204 Lithology: persistent low permeability sediments; GP: gamma radiation increases 
at about 144 ft

 PZ2 275-390 -204-319 Lithology: relatively permeable beds (ROMP 13 Tech. Pub., 1998, Phase 2, fig. 7); 
BH: decline in water level below 260 ft;
GP: high formation resistivity between 275 and 390 ft

CU 390-505 -319-443 Lithology: relatively impermeable beds (ROMP 13 Tech. Pub., 1998, Phase 2, 
fig. 7); BH: decline in water level below 420 ft;
GP: low formation resistivity; WQ: increase in sulfate at about 420 ft

PZ3 505-562 -443-500 Lithology: relatively permeable beds (ROMP 13 Tech. Pub., 1998, Phase 2, fig. 7); 
GP: high formation resistivity;
WQ: slightly higher chloride and sulfate concentration than in PZ2

CU 562-699 -500-637 Lithology: relatively impermeable beds (ROMP 13 Tech. Pub., 1998, Phase 2, 
fig. 7); GP: low formation resistivity;
WQ: increase in chloride and sulfate concentration at about 680 ft

UFA 699 -637 Lithology: top of Suwannee Limestone picked at 699 ft; interbedded high and low 
permeability sediments below 699 ft;
GP: gamma radiation decreases significantly below 699 ft

Appendix C.  Classification criteria used to describe the hydrogeologic units at the ROMP 5, 9, 9.5, 12, 13, and 17 sites  
(Continued)

[SAS, surficial aquifer system; CU, confining unit of the intermediate aquifer system; PZ1, permeable zone 1 in the Tamiami/Peace River 
Formation; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper 
Floridan aquifer; BH, borehole data; GP, geophysical data; WQ, water-quality data]

Site
Hydrogeo-
logic unit

Depth below 
land surface, 

in feet

Depth above 
(+) or 

below (-) sea 
level, in feet

Criteria
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ROMP 17 SAS 0-26 +23-3 Lithology: unconsolidated quartz sand with porosity ranging between 10 and 
30 percent; low porosity and low permeability limestone (Tamiami Fm.) from 18 to 
26 ft, not an economical water-bearing unit (Decker, 1988, SWFWMD)

PZ1 26-45 -3-22 Unnamed permeable zone within the Peace River Formation (app.B), probably dis-
continuous; Lithology: water-bearing beds from 26 to 31 and 35 to 45 ft (Decker, 
1988, SWFWMD)

CU 45-109 -22-86 Lithology: low permeability clay and carbonate sediments (Decker, 1988, 
SWFWMD)

PZ2 109-167 -86-141 Lithology: major water-bearing interval 109-167 ft described by Decker 
(1988);bottom of interval overlies clayey dolostone;
GP: high formation resistivity units within the interval

CU 167-214 -141-191 Lithology: Dolostone with 10-20 percent clay from 167-179 ft;
GP: increase in gamma radiation at about 167 ft; low formation resistivity

PZ3 214-299 -191-276 Lithology: described by Decker (1988) as a major water-bearing interval; previous 
pick of bottom by Duerr (1986); this is the base of the Tampa LS; BH: rise in water 
level below 204 ft;
GP: high formation resistivity between 205 and 250 ft;
WQ: increase in chloride and sulfate concentration at about 275 ft (fig. 23)

CU 299-439 -276-416 Lithology: interval from 363 to 390 ft appears to have confining properties (Decker, 
1988); previous pick by Duerr (1986, and 1991 work notes); BH: decline in water 
level below 335 ft;
GP: low formation resistivity in interval from 335 to 390 ft

UFA 439 -416 Lithology: top of Suwannee Limestone picked at 439 ft (app. B); interbedded high 
and low permeability sediments below 390 ft;
BH: rise in water level below 384 ft; GP: gamma radiation decreases significantly 
below 439 ft; high formation resistivity below 390 ft; WQ: changes in chloride and 
sulfate concentrations at about 600ft (fig. 23)

Appendix C.  Classification criteria used to describe the hydrogeologic units at the ROMP 5, 9, 9.5, 12, 13, and 17 sites  
(Continued)

[SAS, surficial aquifer system; CU, confining unit of the intermediate aquifer system; PZ1, permeable zone 1 in the Tamiami/Peace River 
Formation; PZ2, permeable zone 2 in the Upper Arcadia Formation; PZ3, permeable zone 3 in the Lower Arcadia Formation; UFA, Upper 
Floridan aquifer; BH, borehole data; GP, geophysical data; WQ, water-quality data]

Site
Hydrogeo-
logic unit

Depth below 
land surface, 

in feet

Depth above 
(+) or 

below (-) sea 
level, in feet

Criteria
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