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PRINCIPAL AQUIFERS

Introduction

A large part of Florida's potable water comes from subsurface rock units called agquifers.
Aquifers are rock layers which are both porous (that is they contain void spaces) and
permeable (the void spaces are interconnected so thal water can actually move through the
rock). In most parts of Florida, there are several aquifers, usually located at different depths
or adjacent to each other. The aquifer which serves as the major source of water in an area is
its principal aquifer,

Floridan Aquifer System

The Floridan aquifer system (Southeastern Geological Society, 1986) is a thick sequence
of limestones. It includes the Lake City Limestone, Avon Park Limestone, and Ocala Group of
Eocene age, the Oligocene aged Suwannee Limestone, the Tampa Formation and
permeable layers within the Hawthom Formation (Vernon and Puri, 1964) (i.e. Hawithorn
Group; Scoft, in prep.) of Miocene age. This aguifer underies all of Florida although it is
highly mineralized (supplies brackish to saline water) along most Gulf and Atlantic coastal
areas (Hyde, 1975).

In some areas the Floridan aquifer system lies al or near the surface of the ground. In other
regions it may occur as much as 1000 feet below the ground surface (Stewart, 1980). When
the rocks of the Floridan aquifer system are buried, they are covered by a variable sequence
of sediments and sedimentary rocks including sand, clay, marl, and limestone. The
thickness, lithology and permeability of these covering matenals affect both the quality and
quantity of the water that reaches the Floridan aquifer system to recharge it. The relatively
impermeable materials that often lie above the Floridan aquifer system generally result in its
being an artesian aquifer.

Biscayne Aquifer

The Biscayne aquifer underlies parts of Dade, Broward, and southem Palm Beach
counties. Unlike the Floridan, the Biscayne is not covered by a confining layer and thus water
within it is not under artesian pressure. The aquifer is wedge-shaped, in that it is thickest
(100-400 feet) near the coast and thins 1o several feet near the western boundaries of Dade
and Broward counties (Hyde, 1975).

The rocks which make up the Biscayne aquifer include the Tamiami Limestone of Pliocene
age, the Caloosahatchee Marl of Pliocene age and the Fort Thompson Formation, Key Largo
Limestone, Anastasia Formation, Miami Limestone and Pamlico Sand of Pleistocene age
{Hyde, 1975).

The Sand and Gravel Aquifer

The sand and gravel aquifer is the main source of groundwater for the extreme western
panhandle of Florida. It is not an anesian aquiler (although artesian conditions may exist
locally) and is recharged mainly by local rainfall.

The sand and gravel aquiter is thickest to the west and southwest and its sedimenlts range
in age from Late Miocene through Pleistocene. The sediments range from very fine to very
coarse quanz sand which is sometimes mixed with granules and small pebbles of quartz and
chert. The aquiter is characterized by lenses and stringers of clay and gravel (Hyde, 1975).

Shallow Aquifer

Much of Florida is characterized by the presence of a shallow non-aresian aquifer. It is
shown on this map only in areas where it is an important source of water supply. Counlies
which rely heavily on the shallow aguifer include Martin, Palm Beach, Hendry, Lee, Collier,
Indian River, St. Lucie, Glades and Charlotte (Hyde, 1975).

The shallow aquifer is variable in both its lithology and thickness. Hyde (1975) reports that
in southern Florida the aguifer ranges in age from Miocene to Recent and is characterized by
terrace quartz sands, the shelly sand beds of the Anastasia Formation, the shelly limestone
of the Tamiami Formation and the limestones of the upper Hawthorn Formation.

AQUIFERS AND WASTE DISPOSAL
The distribution of aquifers, both laterally and vertically, is perhaps the foremost
consideration in waste disposal, Waste must be isolated from water since water may leach
contaminants from waste and transport them to unsuitable locations such as laterally
adjacent aquifers. In general, it is advantageous to protect water from contamination since its
final destination and use may not be immediately obvious,

BEDROCK GEOLOGY OF FLORIDA

Introduction

The geologic map of Florida shows the distribution of rocks at ground surface. Rocks are
divided into formations, based on their lithologic properties, and the areal extent of these
formalions can be mapped. The legend of the map shows formations arranged in order of
their age with older rocks at the bottom. Age relations of formations and their spatial
distributions are a very powerful aid in understanding the geclogy of an area. Due 1o the scale
of the map used here, some individual geologic formations are combined based on age
relations and lithology. These combinations are shown in the table which accompanies this
map.

Geologic Trends

The Florida panhandile is dominated by outcrops of rock which reflect the influence of the
Chattahoochee Anficline. Rocks of Eocene and Oligocene age are mainly limestones. The
limestones are flanked by formations which consist mainly of clastic sediments including
quartz sand, clay, silt and various combinations of these lithologic materials. The clastic
sediments range in age from Miocene through Pliocene-Pleistocene (Clark and Schmidt,
1983). Rocks of the panhandle are locally blanketed by fluvial and marine terrace sands of
Pleistocene age (Vernon and Puri, 1964).

The outcrop pattern of northern and central peninsular Florida is characterized by the
structural influence of the Ocala Uplift (Puri and Vernon, 1964). Eccene limestones are the
oldest rocks exposed in this area of Florida and they are flanked to the north and south by
outcrops of Oligocene limestones. These older limestones are roughly surrounded by clastic
sediments and sedimentary rocks of Miocene age. Miccene age sediments include sand, silt,
and clay with lesser amounts of limestone and dolostone. Locally, they contain commercial
phosphate deposits. To the east, marine quartz sands of Pleistocene age overlie the rocks of
the northern and central peninsula (Vemon and Puri, 1964),

The near-surface geology of south Florida is dominated by various types of limestone with
lesser amounts of clay and sand (Dubar, 1974). The Anastasia Formaltion (a sandy coquina),
the Miami Limestone (consisting of an oolitic facies and a bryozoan facies) and the Key Largo
Limestone (a reefal limestona) are Pleistocene limestones. The Fort Thompson Formation,
and the Caloosahatchee Formation (Pleistocene) are characterized by clastic material as
well as limestones. The Tamiami Formation, considerad Miccane by Vernon and Puri (1964)
is now generally thought to be Pliocene. It is predominantly limestone,

Bedrock Geology and Waste Disposal

The main consideration in the disposal of waste materials is that the waste be isolated from
ground and surface waters. The lithologic properties of permeability and porosity directly
affect the movement of water through rocks. Porosity refers to the amount of void space in a
rock and permeability to the extent to which the voids are interconnected. Sands, limestones
and dolostones are frequently porous and permeable. Clays are generally considered to be
of low permeability and tend to retard the movement of water while more permeable sand,
limastone and dolostone tend 1o facilitate water movement. The map of bedrock geoclogy
provides a “first-approximation” of lithologic properties pertinent to waste disposal in the
shallow ground.
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DRAINAGE BASINS

Introduction

Flonda's land surface is drained by numerous rivers and their tributaries. These systems
recaive rain which falls directly into them or water which flows across the land to reach them
{i.e., runoff). In addition, groundwater flows into them from aguifers, Using a lopographic
map (a map that shows the elevations of the ground surface) the line of ridges may be traced
out which separates waters flowing toward streams and tributaries of any particular river from
walers flowing toward neighboring streams. The area enclosed by this line of ridges is the
drainage basin and the line drawn along the ridges is the drainage basin boundary.

The Delineation of Drainage Basins in Florida

In areas where the landscape is characterized by well defined hills and valleys (areas
of moderate topographic relief) the delineation of drainage basins is a fairly straightforward
procedure. Much of Florida is, however, characterized by low topographic refief, with
subdued hills and valleys. This condition causes difficulty in the delineation of drainage basin
boundaries in Florida because “ridges” may be, in reality, low gentle swells which are not
obvious on topographic maps. The situation is further complicated because, during floods,
stream walers may actually overflow low drainage basin boundaries and runolf may occur via
the stream system of the adjacent drainage basins (Conover and Leach, 1975),

In south Florida, the construction of dikes and drainage canals is an ongoing process.
These structures can effectively create artificial drainage basing. The continuing nature of
this construction is such that drainage basin boundaries may be subject to change (Conover
and Leach, 1975).

In Florida, surface water flow may not necessarily originate within the drainage basin
where it flows. This occurs because groundwater aquifers, mainly the Floridan aquifer
system, may contribute water to a drainage basin which originates far beyond the boundaries
of the drainage basin (Conover and Leach, 1975).

Drainage Basins and Waste Disposal

The most important consideration when locating a site for waste disposal is the isolation of
waste materal from groundwater and surface water. In order to locate a site where waste
material will be least vulnerable to surface waler, a map of river basins may be used.
Locations of streams and tributaries can be determined from such a map, and the direction of
surface water runoff can be estimated for various locations within a given river basin. A map
of river basing can also be used for flood evaluation and forecasting (Conover and Leach,
1975). Such maps cannot, however, serve as replacements for detailed maps of flood-prone
areas.

Map of Drainage Basins

The United States Geological Survey has divided the United States inlo a series of
Regions, Subregions, Accounting Units and Cataloging Units (Conover and Leach, 1975).
Regions and Subregions were designed to be used for planning purposes and Accounting
and Caltaloging Units are designated hydrologic units. The boundaries of hydrologic units are
coincident with river basin boundaries; however, the units include areas which are not strictly
part of river basins. These areas include islands, estuaries, coastal lands and other similar
areas that are nol included in river basins.

Florida is entirely contained within the South Atlantic-Gulf Coast Region of the United
States. The state is divided into 8 Subregions (shown in different colors on figure 4). The
Subregions are divided into Accounting Units which are in turn subdivided into Cataloging
Units (Conover and Leach, 1975). These units are identified by a four digit number in which
the first two digits spacify the Accounting Unit and the last two digits indicate the Cataloging
Unit. By using the map and Table 1, the area in square miles, for various river basins and
drainage areas may be obtained.
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Flonda is highly dependent on groundwater and a number of aguifers in the state are
shallow and unconfined. This is a critical consideration in waste disposal. An unconfined
aquiter lacks the natural barrier of impermeable lithologies which may protect it somewhat
from contaminants, Waste disposal in areas served by the Biscayne aquifer, the sand and
gravel aguifer, and the shallow aquifer requires extraordinary caution and most probably
professional advice should be solicited,

The Floridan aquifer system, although protected in some areas from downward seepage of
contaminants by its overlying confining layer of impermeable materals is, like the unconfined
aquifers, extremely vulnerable to contamination in areas where it is being recharged. In these
areas it may be covered by permeable sands or breached by sinkholes. It is of the greatest
importance when attempting to locate a site for any sort of waste disposal to ascertain
whether there is any possibility of aquifer recharge in the area.

Water which has become contaminated will most likely travel beyond the boundaries of the
sile. It will carry its load of contaminants with it to surface water bodies such as lakes or
streams or, if it migrates downward, into subsurface aquifers. It is essential to avoid
contamination of potential ground or surface waters since cleanup is extremely expensive
when it is possible at all.

References
Hyde, L. W., 1965, Revised 1975, Principal aquifers in Florida: Florida Department of Matural
Resources, Bureau of Geology, Map Series No. 16
Scott, T. M., The lithostratigraphy of the Hawthorn Group (Miocene) of Florida: in preparation.
Southeastern Geological Society, Ad Hoc Committee on Florida Hydrostratigraphic Unit
Definition, 1986, Hydrogeological Units of Florida: Florida Department of Matural
Resources, Bureau of Geology, Special Publication No. 28.

Stewart, J. W., 1980, Areas of natural recharge to the Floridan aquifer in Florida: Florida
Daepartment of Natural Resources, Bureau of Geology, Map Series Mo. 98.
Vernon, R.O. and Puri, H.5., 1964, Geologic map of Florida: Florida Board of Conservation,

Division of Geology, Map Series No. 18

L]
[]
Ll
[l
[l
Ll
[

with lesser smounts of
siles and gravels

Miccosukes Formabios
undi Flerent lated

“Charlton Formation®, Marl and Sand
Jackson Bluff Formation,
Red Bay Formation,

Tellow Biver Farsation,

Shell marls, clays and
quartz sands with =1ngr
| imestones

Shoal River Formation, Miocens
Chipala Formation
undifferentiated
Bone Valley Formation, Sands, 111t4 and £lays Pragpharibic
Alachua Formation, Fort with letser asounts of clay amet
Prestos Formation and | imeitone, dolomibe and
Hpwtharn Farmatlos amd phospharite
[Group] undifferea-
tilated

=
St. Marks Formation, Impurs 1imestones Limeitone
Chattahoockes Formstion with sand and
wnd i araatiated Isqgse smmunts nf

I w10t and dolomite
Suwganss Lissgtones, Limeitones which may Limeitone 01 igacens
Duncin Charch Bads, e 3lightly sandy
"Byram” Formatioa, or dolomitic
and Avon Park Lissstons
und i fferentlated
Crystal River Farsatfon, | Fossiliferous 1ime- Limestone Encens
witiistoa Formatinn, stonst and dolosite : and
Inglis Formation, aad dolomite

Avaa Pare Limestone
ussdi fferent lated

Mg jor
Stratigrapsic Unit General Tithalogy HIM:MH Seried Syites
l Unit
Surficial sands and Primarily quarts iands Sand Halacans (uaternary
terrace sands, undifs with varying prapors= Pleistocens
Farestiated tisad of 411%, elay,
arganic material and
chrbanate
Lake Flirt Marl, Fossiliferous Lisestone, [Limestone Pleistocens
Bnastasia Formation, marls aad Tesser amounti
Higmi Limeitone, Koy of dand and clay
Largo Limeitose, Fort
Thampign Formation,
Caloozamatches Formps Pl scens Tertiary
thon, Tamiaml Farsation
undifferent iated
Citronelle Formation, Clays and quarts sands Sand and Clay

1% SQUANE MELES, FOM Tei S5uTs ATLAWTIS
rét@rs fo denlgratize on susscueded Was Tecles FAL0

STOESLBGE UREPE, wEMi%, ARD SRLAL,

| Mgmtar Ta perasteenls Follgeies sasas

- GULF E[GIOm DY IW FpO®ads

FLORIDAN AQUIFER
SYSTEM

BISCAYNE AQUIFER

SAND-AND-GRAVEL

SHALLOW AQUIFER

AREA WHERE PRINCIPAL AQUIFER
IS HIGHLY MINERALIZED

FLORIDAN AND SHALLOW AQUIFERS

--\.,__“_‘
\MASSAU
e i
TOM A
o : i
.. g -
= - ¥ % BUYAL
S BAKER !
- o
E 8r-=n 139
E Rl i
=5 L | ELAY
e = Al
C g || Ay
z , ) ~
-
ALATHUA .
% PUTHAN -~

o e
- ol

{ =
SEMMOLE, |

=

ORMANGE

* OBCEOLA

MATEE | . more

_;mnuuuni-
! DE $OTO ;

FLORIDAN AND SAND-AND-GRAVEL

AQUIFERS

0305

0106

BT
ragles  Gccossileg  Catslsgisg
"y yais paie

wpas &t Wpdrategic Usit

Brcoaatleg

pair

Catabogisg
sl

T

a2

1,400

Wiy

[T e
n Wiyer Bad AL aanan
Biwver Bau's abass

33 CasnTel gras Tepe wr | 1EAE

= banat vy Uty buole Blver | 1Py aasiasiait ssbiiiss
aw MtTaLEs FL _u BEsds sEBEEEEERa
an TR

1

at
Bl

3r

L 3]
oz

-2}

L
81
[ L

(1]

73 E e T
a8 Gunipases

LUILE L] PO

spaleeslonis Bep crantel ar

[N CROCTAYSATONIE, TIALEW, Mad
an Frartds Passasdie Daair

oz Pam Wlgur (074
as ERgdT s AT N
a8 Facesnts Blear

GENERALIZED FROM:

HYDE, L.W., 1985 REVISED 1975

5T, JOMNS ~

FALM BEACH

HENMDRY

COLLIER

*

GENERALIZED FROM:

VERNON, R.O. AND PURI, H.5,, 1064

a2 EXPLANATION HYDROLOGIC UNIT CODE
3 REGION ACCOUNTING UNIT

= 03|03 o1 03]
= SUBREGION CATALOGING UNIT

SUBREGION  UNITS

. 07

08

09

. 10

o

. 12

13

. 14

1,91
&S
LLL)
Ll
447
thld
LE

(LT

inziodes wres fag, slisul To adjacant sfates,
Haglgdas ares Tog. milasd fa Figrige saiv,

Spfe:  To comsert o pqesce E0lomsfern multiply daeere slies e 3,39,

UNIT BOUNDARIES

0203 0202

DEPARTMENT OF RATURAL RESCURCES
BUREAY OF GEOLDGY

This publication we pogued ot e el oot of
B2A47, &0 §1.03 par copy 0 Swemitew gesiogd
dite

GEOLOGY AND WASTE DISPOSAL
IN FLORIDA

BY PAULETTE BOND

RECHARGE TO THE FLORIDAN AQUIFER

Areas of Generally No Recharge

These areas are designated based on areas in which artesian flow
occurs and were originally mapped by Healy (1975). In areas of artesian
flow, the water in the aquifer will flow up and out naturally if a well is
drilled. Under these conditions (natural discharge) significant recharge
is not occurring. Concentrated pumping may locally depress the
potentiometric surface of the Floridan aquifer system allowing limited
recharge in the area (Stewar, 1980).

Areas of Known Very Low Recharge
These areas were mapped based on the characteristics of confining
beds covering the Floridan aguifer system. Areas of known very low
recharge are areas where relatively impermeable confining beds are
usually more than 25 feet thick and unbreached. That is, connections
across the confining beds between shallow rocks and the Floridan
aquifer system are not known 1o exist (Stewart, 1980).

Areas of Very Low to Moderate Recharge

The mapping of these areas is based on a variety of conditions which
lead to varying degrees of recharge. Some areas are included whare the
thickness and extent of the confining layer are poorly known, Areas
where the confining layer is sufficiently thick and extensive to
significantly restrict movement of water into the Floridan are included in
this category. Areas which lack the confining layer, but are characterized
by the water table and the potentiometric surface of the Floridan both
occurring near the surface are mapped in this category. Moderate
recharge occurs where confining beds are locally thin or breached and
where the water table occurs significantly higher than the potentiometric
surface of the Floridan aquifer system (Stewart, 1980).

Areas of High Recharge
These areas are generally well-drained uplands, with poorly
developed stream drainage systems and many closed depressions (i.e.,
sinkholes) some of which may contain water perennially (Stewart,
1980).

The Significance of Matural Recharge Areas

in the Location of Waste Disposal Sites

If the map of principal aquifers is compared with the map showing
principal recharge areas it can be noted that the Floridan aquifer system
is being actively recharged in many areas where it is the principal source
of potable water. Since “recharge” indicates that water from the surface
is entering the aquifer it is obvious that the replenishing water should be
protected from contamination in so far as is possible. Thus, placement of
waste with respect to recharge areas is critical if water quality is to be
praserved.

Additionally, it should be noted that recharge to the Floridan aquiter
system is only one of several interrelated parameters which must be
considered in locating waste disposal sites. Many of the areas
characterized by minimal recharge to the Floridan aquifer system are
grossly unsuitable for waste disposal based on their proximity to the
coast, surface water bodies or other aquifers, The manner in which
these areas are defined also resulis in major wetlands (e.g.. the
Everglades) falling into this classification.

This map shows the state of Florida divided into areas based on the
extent to which recharge is occurring. Of necessity recharge information
has been generalized. This map is not intended to replace a site specific
assessment,

SURFICIAL MATERIALS

Introduction

The nature of earth materials at the surface is extremely imponant in
land use planning. The Florida Geological Survey mapped surficial
materials of the state culminating in the Environmental Geology Series
published between the years of 1978-1981. The map which accom-
panies this discussion was generalized from that Map Series. In the
series mapped units are not the geologist's traditional “formations™ but
rather “generic” lithologic units such as gravel and coarse sand, clayey
sand, sandy clay and limestone. These maps are designed to provide
the nongeclogist with a source of accessible information regarding
geologic materials encountered at the ground surface in Florida.

Surficial Geology

The major surficial materials of the Florida panhandle and north
peninsular Florida include gravel and coarse quartz sand, medium to
fine quartz sand and silt, clayey sand and sandy clay. In north Florida
limestone and dolostone are not major outcropping units, West-central
peninsular Florida is dominated by outcrops of limestone and dolostone
or combinations of those lithologies (Knapp, 1978). The oulcrop pattern
is associated with the Ocala Uplift. East and south of the Ccala Uplift
surficial geology is dominated by shelly sand and clay near the coast
and fine sand, silt, and clayey sands farther inland (Scott, 1978). South
Florida is characterized by limestones which flank the major peat tract of
the Everglades (Lane, 1981). Lesser amounts of shelly sand and clay
occur to the west of Lake Okeechobee and in some coastal areas.

Surficial Geology and Waste Disposal

The nature of surficial materials and their distributicn are important
considerations for waste disposal. Generally, clays and mixtures of
sediments containing clays tend to be less parmeable than sands, sheil
beds, or limestones. Thus, maps of surficial materials may be used to
make preliminary judgements concerning relative permeabilities of
surficial maternials. It must be stressed, however, that for the purposes of
mapping, different earth materials are placed into single map units (i.e.,
shelly sand and clay). It is, thus, necessary 1o remap perlinent areas in
detail to determine the precise nature and distribution of surficial
materials if disposal of waste is being contemplated. Additionally,
precise determinations of permeability and porosity may be required.

Limestone, sand, and shell are frequently associated with shallow
aquifers in Florida. The map of shallow aquifers should thus be used in
conjunction with the map of surficial geclogy. Additionally, limestone
outcrops which occur in the area of the Ocala Uplift are recharge areas
for the Floridan aquifer system.

Peat also occurs at a number of localities in Florida. Although peat is
usually fairly impermeable (water cannot move through it easily), it is
almost always associated with wetlands. Wetlands are generally
considerad undesirable sites for waste disposal since isolation of waste
material from waler is a prime consideration. In addition, wetlands are a
fragile and threatened ecological resource and their protection is
considered of upmosl importance.

Surficial geoclogic materials have imporant implications in locating
gites for wasle disposal. Permeable materials allow downward and
lateral movement of water through them. This situation facilitates
movement of leachate from waste material. In addition, these permeable
materials are often part of an area's surficial aquifer. Permeable
limestones may act as conduits providing recharge to deep aguifers.
Peats, which are usually of low permeability, commonly occur in
wetlands and are therefore unsuitable for the disposal of waste material.
Due to the variability of surficial materials both geographically and also
with respect to physical properties, a site specific study is necessary to
adequately define initial conditions.

ACCOUNTING AND CATALOGING
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LANDSLIDES AND EXPANSIVE MATERIALS
Introduction

Locally, in Florida, some areas may be susceplible (o landslides. Also,
cartain areas are characterized by soils which may shrink or swall with
changes in moisture content, Landslides and swelling soils are not major
problems in Florida but certain areas should be evaluated when
considering waste disposal.

Landslides and Swelling Soils in Florida

In 18948, a landslide which displaced approximately 4 acres, occurred
in northwestern Florida near Greensboro. Taking into account this
landslide and geclogy in the vicinity, two very small areas in northwest
Florida are designated areas of moderate landslide incidence
{Radbruch-Hall, et al, 1976). In addition, several small areas in the
same general vicinity are designated as areas of high landslide
susceptibility.

Patrick and Snethen (1876) surveyed the occurrence and distribution
of expansive materials in the United States and produced the map
generalized here, They classify most of Florida as nonexpansive based
on the “"prevalence” of limestone and marl in the state. The "Ocala
Formation” and the “Tampa Group” are classified as low and medium
respectively, since the units may weather 1o moderately clayey soils.
Fine-grained materials from Florida’s swamps and bogs are classified
as medium.

Landslides, Swelling Soils and Waste Disposal

Maither landslides nor swelling soils are a major problem in Florida,
Mevertheless, in some parts of Florida they should be considered when
locating sites for waste disposal. Landslides and swelling soils could,
under certain circumstances, disturb the integrity of a waste site. Waste
might then be subject to leaching by precipitation and runoff which
could, in turn, result in ground and surface water contamination.
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KARST DEVELOPMENT

Introduction
Karst features are initiated when natural waters become slightly acidic
and cause soluble rocks, such as limestone and dolostone to dissolve.
Waters passing through void spaces dissolve carbonate minerals, thus
gradually enlarging the wvoids and contributing to formation of karst
features (Lane, 1986).

Distribution of Sinkholes in Florida

Virually the entire state of Florida is subject to the development of
ginkholes. The distribution of sinkholes is, however, not uniform across
the state (Sinclair and Stewart, 1985). The imestones of the Floridan
aquifer system are defined by Parker and others (1955) as including
“part or all of the Middle Eocene (Avon Park and Lake City limestones),
Upper Eoccene (Ocala Group). Oligocene (Suwannee Limastone)l and
Miccene (Tampa Formation) as well as permeable pans of the
Hawthorn Formation that are in hydrologic contact with the rest of the
aquifer.” These limestones are exposed near the surface in the north-
central panhandle of Florida and also in the central and north-western
peninsula (refer 1o the geologic map). Sinkholes are most common in
these areas (Schmidt and Scott, 1984).

Sinkholes are also developed in association with carbonate rocks
other than those of the Floridan aquifer system. Carbonates of the
Hawthorn Formation, Tamiami Formation, Caloosahatchese Formation,
Miami Limestone and Key Largo Limestone tend to develop shallow
sinks which may be large enough for mapping at a scale of 1:24,000.
Shell beds of the Tamiami Formation, Caloosahatchee Formalion, and
unnamed shelly units of Pliocene-Pleistocene age develop sinkholes
when shell material is dissolved.

Sinkholes and other karst features are most common where limestone
is near the surface and overlain by permeable clastic sediments (quartz
sands and silts). Thus, most areas of Florida are subject to some degree
of sinkhole development. The stratigraphy (the sequence of layered
rocks and their textural characteristics) of an area is the primary factor
controlling the development of sinkholes and other karst fealures.
Stratigraphy is not uniform across the state and neither is the
development of sinkholes and other karst features.

Karst and Waste Disposal
Sinkholes are a part of the recharge systems for various aquifers
which underlie Florida. These sinkholes intersect permeable zones and
may allow direct passage of contaminants inlo aquifers. The entrance of
contaminants into the aquifer may be quite rapid especially if the
retarding effects of clays and soils are absent. In addition 1o sinkholes,
abandoned pits and quarries may act to recharge aquifers in areas
underlain by limestone. In these areas, limestone may be subject to
continued sinkhole development by sudden collapse. This could destroy
the integrity of a system designed to contain waste and its leachate.
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GEOMORPHOLOGY

Introduction

The geomorphology of an area refers to the study of its landscape
which iz made up of a mosaic of individual landforms. Landforms include
such lamiliar features as valleys, ridges, plains, and swamps. Thesa
features are delineated using topographic maps (maps which show the
distribution of elevations in a given area). Features are named both for
their form and also for their geographic location. Thus, the low area
which contains the Caloosahatchee River is named the Caloosahatchee
Valley on the Physiographic Map of Florida (Puri and Vernon, 1964).

Landforms of Florida

The landscape of north Florida iz dominated by the Morthern
Highlands (Puri and Vernon, 1964), a series of gently sloping plateaus
bounded to the south by a scarp which separates them from the Gulf
Coastal Lowland. The Gulf Coastal Lowland extends from Florida's
weslern boundary south to the Calposahatchee River. Central Florida is
characterized by the Central Highlands, a series of elongated ridges and
lowlands which are oriented approximately parallel with the Atlantic
coast (Puri and Viernon, 1964). Much of southern peninsular Florida is
low lying and poorly drained or lies adjacent 1o the coast.

Geomorphology and Waste Disposal

The landscape of Florida has been divided into a number of major
landforms which are coded on the map as uplands and lowlands.
Generally, lowlands may be poorly drained or vulnerable to flooding and
may not be appropriate for waste disposal. Detailed maps of flood-prone
areas are available. Uplands are more likely 1o be well drained. This,
however, depends on the detailed topographic configuration of the
upland, as well as its lithologic substrate (sands tend o be betler
drained than clays).

Slopes separate uplands and lowlands. In Florida, “slopes™ may refer
1o inclines which are imperceptible on site. Nevertheless, slopes musl
be considered on an individual basis in locating sites for waste disposal.

Additionally, major landforms may have numergus smaller landforms
superimposed on them. In Florida, this specifically refers to karst
features such as sinkholes. Sinkholes are a critical concern In wasle
disposal. Topographic maps and field checks are necessary to locale
these features.

Many physiographic features in Florida represent the remains of
anclent marine features such as shoals, terraces and bars, These
features are composed of sand which promotes drainage but frequently
serves as a shallow source of drinking water (aquifer) in Florida. Thus in
waste disposal no geologic characteristic may be safely considered
independently of other characteristics.
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STRUCTURE AND SEISMICITY N i v
Introduction ¢ HONE!

When sediments (i.e., mud, sand, and shell material) are laid down WAMION T
(deposited) they are originally approximately horizontal. At any lime { ; \ g
subsequent to their deposilion the sediments (or sedimentary rocks, as g
the case may be) may be subjected to deformation. Delormation of T N LAKE
rocks causes them fo develop breaks (or fractures), to become bant (or P~ =
folded) and sometimes to develop fractures along which movemeant =, A
occurs (faulls). Fractures, folds, and faulls are examples of structural ERMANDG ~ \ i
features. In addition, basins are also classified as structural features. A T L
basin is generally a large low area which receives large amounts of el N
sediment from streams thal empty into it. The weight of the
accumulating sediments may be so great that the earth’'s crust in the 1. i *
vicinity of the basin becomes gradually depressed. This slow 2. i’;:{:t*:ﬁgg:flé ;gﬂtﬂ:.éh:ﬁ | ¢ ; o
subsidence can allow the accumulation of vast amounts of sediments, 3 SUWANNEE STRAITS . f 9‘

iven enough time. . )

. Seismicity (Stover, et al., 1978) (locations of recorded earthquakes) is 4, SOUTH FLORIDA BASIN .‘I" F
also included on the map of structural features in Florida. There is not 5. PENINSULAR ARCH i * ¢
presently adequate information to relate earthquakes to structural 6. OCALA UPLIFT S LT L —
features (mainly faults) in Florida. Faults currently proposed are not 3 |
sufficiently well defined or documented to suggest that they are 7. KISSIMMEE FAULTED FLEXURE \. -
associated with the occurrence of earthquakes. 8. SANFORD HIGH 2~ o o
Structural Features of Florida 15' OSCEOLA LOW 2 - 1o —

The Chattahoochee Anticline, the Peninsular Arch, and the Ocala 0. BROWARD SYNCLINE R GLADES
Uplift are all extremely broad, open anticlinal structures (Puri and 11,  SOUTH FLORIDA SHELF ".\
Vernon, 1964). Thla .;;;alachioﬁla Elmga;‘manl. the ;uwa;:igd Slmnfé 12. SOUTH FLORIDA EMBAYMENT - . s
and the Jacksonville Basin are local, thick accumulations imen H
representing basins (Schmidt, 1984; Goodell and Yon, 1960). The 12 ?Eé:s%':ﬂﬁliifg ASSEIEHE"T‘HY BASIN L, LEE
Sanfard High, the Kissimmee Faulted Flexure, and the Osceola Low T EARTHQ ( e
{Puri and Vernon, 1964) are poorly understood. The South Flonda 1 UAKE (LOCATION APPROXIMATE
Basin, the Broward Syncline, the South Florida Shelf, the South Florida =SEE TEXT FOR EXPLANATION.)

Embayment, and the Gulf of Mexico Sedimentary Basin (Puri and
Vernon, 1964) occur in the deep subsurface and are nol expected 10
affect waste disposal in the shallow ground. *

Structural Features and Seismicity

Related to Waste Disposal

Structural features are related to sites chosen for waste disposal in
several ways. The dip direction of a rock unit (the angle by which it is
inclined from the horizontal) may exert some control on the path of fiuid
migration through the rock. The direction and amount of dip are in turn
generally related to larger (regional) structures.

The structuras chosen for inclusion in this document are essentially
those presented by Puri and Vemon (1964) in their summary of the
geology of Florida. Numerous shallow faults have been suggested
which are not shown on this map due to its scale.

Shallow faults are normally considered imporiant in waste disposal
from two standpoints, Firstly, they may be associated with seismicity
(earthquakes). In Florida, however, proposed shallow faults have not
been linked lo reported seismicity. Secondly, in some areas of the
country shallow faults may introduce a permeable pathway along which
fluids may migrate. In Florida, major lithologies (limestones and sands)
are extramely parmeable. In addition, various processes associated with
karst formation (e.g.. sinkhole collapse) create major pathways of
secondary permeability over most of the state. Thus, poorly understood
and poorly located shallow faults are probably a minor consideration in
locating waste disposal sites when compared to karst features.
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