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INTRODUCTION

Sinkholes are a natural and common geclogic feature in areas underlain by
limestone and other rock types that are saluhle in natural watsr. The term
ginkhole is used for closed depressions in the land surface that are formed by
surficial solution or by subsidence or collapse of surficial muaterinls owing to the
solution of near-surface limestone or other soluble rocks. Disoussion hero rofors
to sinkhole occurrence in limestone and dolomite, the most common rock types
in Flarida.

Sinkhales adour i a vanety of shapes from steep-walled “natural wells” Lo

funnel-shaped ar bowl-shaped dopressions. Sinkholes are a product of solution-
erosion processes and are anelogons o valleys carved by rivers in arens under-
lain by insoluble clastic mocks, Just as rivers constanily crode the end surfoce
by earrving away particles of rocls o grain atl  time, Emestone is carried slowly
away in chemical solution an ion at & time. The jons are carried by water that
percolates through eavities and conduits that were developed by solution of the
limestone along fracture svstems, bedding planes, and other permeahls zones in
the rock. Surface erosion by rivers is well understood and subject to some con-
trol by man. but the detection of cavities at depth and prediction of potential
s sinkhole collapse is inherently difficult.

Sinkholes are of interest in Florida because they are one of the predominant
landform features of the State; because their development may be sudden,
resulting in possible loss of life snd property; becavse they may cause flooding
during storms when the drainage capacity of natural subsurface conduits is ex-
ceeded; and beeause they may provide an avenue for pollutants on the land sur
face to move rapidly into the underlying limestone and dolomite —the source of
mare than 80 percent of the drinking water in the State, The purpose of this
report is Lo describe the geologic and hydrologie features controlling the
developrment. of sinkholes so that sinkholes and their related problems may be
better understaood.

FACTORS THAT AFFECT SOLUTION OF LIMESTONE

The ultimate cause of collapse or subsidence that forms virtually all sinkhaoles
in Florida is solution of soluble rock by acidic water. Az rain falls through the
atmosphers, it dissolves carbon dioxide and other gases and becomes slightly
acidic. Rainwater percolating through the soil zone continues to dissolve carbon
dioxide that is released by bacterial action and decomposition of arganic
muterial, The amount of earbon dioxide available in sails is 10 to 100 times
greater than that available in the atmosphere (Hem, 186D, p. 35).

Water percolating through the scil zone becomes a weak carbonic acid that
o reacts rendily with limestone and dolomite as it moves downward. The resctions
are:

C0; + Hs0O = HL004
learbon dioxide]  (water]  (carbonic acid)
H; 003 + CaChy = catt o+ AHCO,)

(carbonic acid)  (limestonel  (caleium jons)  (hicarbonste jons)
ZHyC03 + (CaMgiCOgy = Ca™ + Mg™ +
(carbonic acid (dolomitel {calchum jons) (magnesium ions)
HHCO4)"

[bicarbonate ions)

lons until it Is saturated and further solution of Emestone is not poasible. The
reaction is reversihle depending en such varinbles as tempersture and carbon
dioxide pressure. Thus, the same reaction that dissolves limestone may deposit
a scale of ealcium carbonate (limestone) n a teapot when water is boiled. Under
natural conditions, the resction can reverse, resulting in deposition, such s Uw
e formation of stalactites and the sealing of voids and fractures by precipitation
of carbomate minerals.

The chemistry of rocks is important in controlling the development of solu-
tion cavities, Pure imestone (CaC04) s commonly more ensily dissalved by
natural water than is dolomite [CaMgiCOy )9} the second most prevalent rock
in Florida. The presence of impurities, such as sand and clay, within the rock
will reduce the rate of earbonate solution. The insaluble elay partichs commonly
form an impermeahle residugm that mantles the limestone and retards infiltra-
tion of water, thus reducing further solution

The rensction between waler and rocks is controlled by the rate of circulation
of water and this, in turn, is controlled by the rato of recharge and by the rate of
ground-water flow. Solution is most intense where the corrosive water first con-
tacts the limestone surface und along joints or vertical frecture zones within the
limestone. Solution of limestone is also enbhanced where ground-water flow is
concentrated ab depths below the limestone surface. For example, in areas
where the water table is below the limestone surface, ground water is chemically
most active in the zone of fluctuation of the water tahls. Consequently, solution
of limestone is usually accelerated in this zome, causing still more vigorous
ground-water circulation. Solotion may also be accelerated along unconform-
Ities, bedding planes, and other changes in rock structure and texture where
flow is concentrated if the water is chamically active,
o= The relation of sea lavel to land surface has been the dominant factor in the
geologic history of Florida. Periods of submergence of the land and deposition
of limestone have aiternated with periods of exposure of the land and dissolu-
tion of the carbonste rocks. Table 1 summarizes the mwjor peologic unils
deposited over the last 60 million years.

Fluctuations in sea level have had an important effect on hydrologic condi-
tions and on development of ainkholes throughout the State. The central ridges
that parallel Florida's east const wre capped by deposils of relict beaches that
formed from about mddle o late Miocene time. These beaches have stood
above the sea for § to 10 million years. The many large sinkbole lolkes and inter-
nally drained depressions in the central ridges attest to s long, uninterrupted
peziod of westhering, solution, and subsidence of the underlying limestone
bedrock.

More recent (Pleistocens) fluctuations of sea level associnted with the ad-
vanca and retreat of glaciers, have ranged from 400 feet balow to about 100 fret
above the present sea level. In response. ground-water levels have also fluc-
tuated, and factors that affect solution of the limestone and development of
sinkholes have varied,

During the warm interglacial period prior to the last major glaciation, the sea
rose to about 100 feet above its present level. Wave sction and coastal currents
swept surficinl sand end clay into Iand-surface depressions and produced a
=5 relatively subdued topography that consistad of beaches, dunes, and terraces
thot mantled an irregular bedrock surface. Many sinkhaoles, lakes, and springs
were effectively buried, but major topographic features, such as bedrock ridges
and river valleys, are discernible through the surficial mantle,

As the Inst glacial expansion kept progressively more of the world's water
frozen on the land, the sea declined 300 to 400 feet below ils present level
Floridn's land erea increased by more than a factar of two ns the coasts moved
seaward and gulfward to the edges of the continental shelf. This change in sea
level lowered the base level toward which surface runoff and ground water
would flow end affected rates of recharge, levels of the water table, and even
direction of ground-water flow in some areas. As the placiers waned, the seas
gradually rose to ita present level, and Florida's hydrologic system developed
into its pressnt state. However, the system is controlled to some extont by
topography and solution conduits that were formed under varied conditions
over geologic time.

— SINKHOLE TYPE, DEVELOPMENT, AND
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Although Florida is underlain by thousands of feet of limestone and dolomite
that are susceptible to solution by ground water, most of the State is covered
by a mantle of insoluble clastic rock material, such as sand and day, that con-
trol, to o great extent, the ultivwte route of water that falls as min. In areas
where limestone is expossd at land surface, or is thinly covered. rminfall in-
filtrates directly through a network of conduite that have been opened end
enlurged by solution of the rock. Where the limestom is covered by permenble
sand, owever thick, the rainwater s lorgely ekl where it falls aend infiltrates
downward through the sand into the limestone below.

Soriace runoff is uncommon where rainfall moves directly into the sguifers.
Streams and rivers ere widely separated, and valleys that were developed by oc-
casional flood runoff are poorly defined. Conversely, in areas where limestone is
covered by thick and impermeable clay lavers, downward movement of water is
retarded or impeded. and well-defined stream channels receive surfsce runoff
and drain a high water table through a closely spaced network of tributaries.

TYPES OF SINEHOLES

Three major types of sinkholes common to Florida ore solution sinkholes,
cover-collapse sinkholes, and cover-subsidence sinkholes. These sinkhole types
are distinguished by their mode of formation; the type of sinkhole thal may
develup in & given ares is controlled largely by Lhe geology and bydrology.

Solution Sinkholes

Solution sinkholes oecur in areas where limestone is exposed at land sarface
or s covered by thin layers of soil and permezble sand. Solution is most active
at the limestone surface and along joints, fractures, er other openings in the
rowk that permil water to move easily into the subsurface. Dissolved limestons
and some insoluble residue wre carried downwerd by the percolating water
abong enlarged openings as salution of the limestone progresses. Large voids
commuonly do not form because subsidence of the soil layer oocurs as the
limestone surface dissolves, The result is o gradual downward movemnent of the
land sarfsee and development of a depression thet enllects increasing amounts
of surface runoff ms its perimeter expands. This type of sinkhols osually forms
&8 & bowl-shaped depression with the slope of its sides determined by the rate of
suhzidenee relative to the rate of erosion of the wells of the depreasion from sur-
face runoff. Surface runoff may also carrv sand and clay particles into the
depression, which may form a relatively impermeable sesl in the bottom. A
marsh or lake forms when water Is ponded becanse infiltration Is restricted by
thie clayey seal The gently rolling hills and shallow depressions typical of
solution -subsidénce topography are common over large parts of Flarida,

Cover-Collapse Sinkholes

Cover-collapee sinkholes occur where a sclution cavity develops in Lhe
limestone to a size such that the overlying cover material can no lenger support
its own weight, Collapse is generally abrupt when this occurs and is sometimes
catastrophic. Cellapse sinkholes provide dramatic local changes in topography.
They may occur in any area of soluble rock: however, they are less likely to
occur in areas of deeply buried rocks. Collapee sinkholes generally occur in aress
where the limestons is near land surface and the limestone squifer is under
water-table conditions. Ground-water circulation is most vigorous at and just
below the water table where solotion of the limestons is accelerated.
Accelerated solution also may occur at certain depthe where hadding planes in
the limestone or changes in rock composition concentrate the flow of ground
wator,

Limestone s eommonly exposed in the vertical or overhanging walls of col-
lapse sinkholes shortly after they form. The sinkholes generally are vircular in
shepe and the walls may be round and smooth, but mostly they ere irregular in
shape because of the infiuence of joints and fractures in the rock Surface
drainage. erosion, and deposition of sediment into collupse sinkholes will even-
tuelly smooth the sides and reduce their slopes until they may become
indistinguishable from other types of sinkholes.

Cover-Subsidence Sinkholes

Limpstons, like moat bedrock, generally liga bensath & cover of soil and other
unconsolidated material, such as sand and clay, Coastal sediments and beach
deposits left during pericds of high sea level occur throughout Florida at
various altitudes, The variable thickness and composition of this cover is impor-
tant in sinkhole development.

Cover-subsidence sinkholes occur where the cover material is rolatively
incohesive and permeshle, and individual grains of sand move downward in
sequence to reploce grains that hove themselves moved downward to occupy
spaee formerly beld by the dissolved limestone. In areas where the sand cover is
B0 to 100 feet thick, subsidence sinkholes generally are only 8 few foet in
diameter and depth.

Where the limestone i3 buried beneath a sufficient thickness of uncon-
solidated material, few sinkholes generally oocur. Spalling of sand into solution
cavities that have developed elong joints in the limestone may cause subsidence
due te upward migration of the cavities (a process known es piping) to form
cylindrical holes at the land surface. If the overburden is incohesive sand, Lhe
upward- migrating cavity is dissipated by a general leassening of density over a
large ares, and the result will be a relatively broad and extensive subsidence of
the land surface that occurs over a period of time. Generally, subsidence of this
type may go unnoticed for several years, [f the overburden is a dense plastic
clay, its low permeability may impede downward movement of ground water
and retard the devalopment of solution cavities in the underlying limestone. Far
this remson, arms underlain by relatively impermesble clay generally are not
affectad by sinkhiles,

TYFES OF LIMESTONE COVER

Four arsas of sinkhole occurrence in Florida, based on the type and thickness
of cover material overlying the limestone, are described in this section and are
delineated on the map.

Area 1. — Bare or thinly covered limestone Sinkholes are few. Generally shallow
and broad, end develop grodually. Solution sinkholes dominate
Throughout lerge areas of the State, the cover material ranges in thickness

from lass than a foot to about 26 feet (Area [ on map). Generally, the cover
mulerial is very permeshle, snd the effect, in terms of solution development of
the limestone, is that of bare limestone exposed to weathering. Salution at the
limestone murfoc: and in joints mar Lhe surface decroases with deplh, bul bhe
solution of limestone is the dominent process in landscape development
throughout Area [ Area [ reportedly has very fow collapse sinkholes, and those
that oeeur generally are very shallow and broad end develop slowiy.

Arca [1.—Cover is 30 to 200 feer rhick and consists mainly of incohesive and
permeable sand. Sinkholes are few, shallow, of small diagmeter, and develop
gradually, Cover-subsidence sinkholes dominate.

In sreas where limestone is covered by materials that are relatively in-
cohesive and permeable, sinkhales develop by gradual subsidence {Ares 11} In
some areas, particularly where the sand cover is relatively thick, consolidntion
and compaction of the sand grains lend a certain cohesivencss. Generally,
cover-subsidence sinkholes are only a few feet in diemeter ond depth. Their
amall size and innocuous meode of cecurrence evolve becnuse cavilies in the
limestone surface cannot develop to an appreciable size before they are filled
with sand. The cover sand in Area 11 is relatively permeable; water infiltrates
directly to the water table, which may be in the sand or limestone, depending on
the topopraphy. Few sinkhales develop in Area T1. Most sinkholes are lses than
10 feet deep and average 5 to 15 feet in diameter,

[

Area T11=Couver is S0t 200 fowt thick und ronsists mainly of cohesive cloyey
sediments of low permeability. Stnkholes are most numarous, of verying size,
and develop abriptly. Cover-collapse sinkholes predominate,

Throughout much of Florida, the sand cover becomes incressingly clayey
with depth, and a luyer of low-permeability clay genernlly overlies the limestone
surfocee. The cluy component provides a degree of cohesivensss to the cover
materinl that allows it to bridge » doveloping cavity in the limestone. Failure of
the bridge results in a cover-collapse sinkhole, typical of Area IT1, whoss dimen-
sions wre related to the size of the cavity and the bearing strengih of the clay.
The mechanism of solotion erosion of limestone that precedes a cover-collapse
sinkhole s similar to that of a cover-subsidence sinkhele, The distinction be
tween the two categories of sinkholes is one of degres of coluwsion or bearing
strength of the cover material Cehesion or strength controls whether the cover
material subsides alowly or collapses abruptly.

A factor squally as important ns the cobesion or bearing strength of the clay
is its low permeability, In areas where the cover contains a clay layer of suffi-
cizntly low permeability to greatly retard downward infiltration of water, a dif-
feremce i head develops across the confining clay between water perched in the
surficial material and the water level in the underlying carbonate aquifer. Flue-
tuations in head differences batwesn the surficial squifer and the carbenate
agquifer tend to weaken the overlying clay bridge. An increase in head difference,
either because of flooding st land surface or & dicline in head in the lower
aquifer, tends to load the clay bridge with an increased hydrostatic force that,
in conjunetion with the fuorces of grvity alresdy ot work on che cover material,
may stress the elay boyond its bearing strength. Pumping of water from the
lower aguifer, with consequent drowdown of the water level, is possihly the
most common mechanism by which sinkholes are induced by man.

Throughout Area 11, the thickness and composition of unconsolidated
material that covers the imestone has an important effect on the shape and size
of land-surface collapse. A thick layer of dense clay may heve sufficient
strength to bridge n large-diameter cavity whose roof crumbles and spalls into a
solution-enlarged joint in the limestons, When the clay layer finally fails, the
resulting sinkhole will be relatively large and will probably form abruptly, The
width of the cavity at the Emestone surface may not be as great as that in the
clay, or as great as the diameter of the subsaquent cover-collapse sinkhale. Tha
limestone cavity may be a deep, srmall-diametar conduit through which debiria is
transported by gravity and ground-water flow. The ske of the sinkhole Is pro-
portional to the thickness and bearing strength of the cover material and the
volume of the underlying cavity. Area IT] reportedly has the greatest number
of sinkhole sccurrences in the Stata. Most of the sinkhales are of the cover cal-
lapse tvpe, such as the sinkhole that ooowred in Winter Park, May B-13, 1881,

Area IV. — Cover is more than 200 feet thick and vonsists of cohesive sediments
interlayered with diseontinuous carbonate beds. Sinkholes are very fow, but
several large dinmeter, deep sinkholes accur. Cover-collapse sinkholas
dominate

Area IV is defined, principally, on the oceurrence of a thick section of clastic
sediments that gemerally overlis the carbonate roek. The sodiments Limit
ground-water circulation in the underlying earbonate rocks and the develop-
ment of solution cavities. Carbonate layers, however, are common within the
section of clostic sediments in some arems, and silty, sandy, phosphatic
limusetone and dolomite may be the principal rock types. In orcas where the
shallow carbonete rocks are permeable encugh to permit ground-water circula-
tion, they too are subject to solution and collapse of overburden,
These carbonate rocks are discontinuous within the sand-clay cover of Area TV,
and their occurrence and extent are not well kmown. Aren IV reportedly has
very few sinkhals occcurrences, although several large diameter, doep sinltholes
are pressnt in the ares.
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Table 1.—ealogic frameuork
[Modified from Wilson and Gerhart, 1980, table 1)
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' . Major estimates
System Series Stratigraphic General lithalogy Lt i Geologle process gﬁ:mmdnm
unit unik in million years'
Quaternary | Holocene Surficial sand, Predominantly fine sand; Sand
Pleistocerw | Lerrace sand, interbedded clay, marl,
phesphorite shell, limestone, phos-
phorite Flurtuntions of sea level 2
Undifferentiated | Clayey and pebbly sand; Clastic with consequent high wa-
Tertinry Fliowzeme deposits® elay, marl shell, Ler tables and deposition
phosphatic in low-|ying areas altor-
nating with low water "
Mincene Hawthorn Dolomite, sand. clay, _ tables and accalerated 3
Formation and limestone, silty, Carponate and weathering of soluble
phosphatic clastic rocks
Tampa Limestone, sandy, phos-
Limestone phatic, fossiliferous;
sund and elay in lower
part in some areas
5 = o= oy Exposure and weathering 24
IEDCENE WA N MBE imestone, sandy [ime-
Limestone stone, fossiliferous Carbonate deposition
E thering 38
Eocene Ocaln Limestone, chalky, §o- SUSIRIG BC e
Limestone raminiferal, dolomitie Carbonate Carbonate depoaition
nasr hottom
Avon Park Limestone and hard brown Exposure and weethering bé
Farmation dolomite; mtergranular ws
w.rgrj[. In lowear Fﬂ Carbonate mm
in_SOIMS Areas
Oldsmar Dasbommite and lirnestone, Exposure and weathering 63
Farmation containing intergran-
lar gypsum in mmost Carbo-
Arcas nate
con- Carho
Paloccena | Cedar Keye Dolomita and limeatone it ool
Lampstone contmining beds of evaparites
anhydrite

'Geologic Names Committes, 1083, Major geechronalogic and chronostraligraphic units: U.S. Genlogical Survey.
*Includes all or parts of Caloosahatchee Marl, Bone Valley Formation, Alachus Formation. and Tamiami Formation.
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EXPLANATION

[ ] AREA 1. BARE OR THINLY COVERED LIMESTONE
Sinkholes are few, gamrlllyduhwludl:unnd,uld

[ AREA 11. COVER 1S 30 TO 200 FEET THICK
Consists mainly of incohesive and permeable sand.
Sinkholes are few, shallow, of amall diameter, and
develop gradually. Cover-subsidence sinkholes
dominate

] AREA 1L COVER IS 30 TO 200 FEET THICK
Consists mainly of cobesive clayey sediments of low
Sinkholes are most numerous, of vary-

permeability.
ing size, and develop abruptly, Cover-collapse
sinkholes dominate

[l AREA IV. COVER IS MORE THAN 200 FEET THICK
Consists of enhesive sediments interlayered with
discontinuous carbonate beds. Sinkholes are very
few, but several large diameter, deep sinkhaoles ocour.
g ik doaiats.
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