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FLORIDA'S GEOLOGICAL HISTORY
and
GEQOLOGICAL RESOQURCES

COMPILED AND EDITED BY
ED LANE
PG 141

INTRODUCTION

This book is a synthesis of geoiogical facts and
thie manner in which they have been used fo re-
construct the geological history of Florida, Basic
geclogical concepls and technigues are pre-
sented in order to provide background informa-
tion that is necessary for discussions of the top-
les. It is intended 1o be succinet, yet broad enough
im scope to cover the important aspects of Florida
geology. As such, it will be suitable as a teaching
aid, and as & source book for those who wish to
dig deeper into Florida's gealogical history.

GEOLOGY means “the science aof the Earth.” Ge-
ology is the branch of natural science that stud-
ies the Earth, its rocks and minerals and the
changes it has undergonea or s undergoing. Some
spacializad fields of geclogical study include:
hydrology (water resources), paleoniology (fos-
sils and anclent lle), stratigraphy (the formalion,
composition, sequence and corralation of rocks),

geomarphology (the form of the Eanh's surface Colpocoryphe exsul X6
and changes that take place), petrology (history

of rocks, their origins, changes and decay), and Ficuida's oidest fossll, an Crdovician age [(430-
enginearing, mining, and petroleum geclogy. million yeass ok} trikobite recovered from an

oll test weldl coro taken 4.623.fset cesp in
. : : Madizon County (Rupart, 1984).

Words in bold type are defined in the glossary at
the end of the book.
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CHAPTER 1

ROCKS and GEOLOGIC TIME

The Anastasks Formstlon, of Pladstoosre snd
Biacent age, sotwrring slong Florida's ses
ol 8 St mage of CEmenbed -
s Tl Sabein ard gl T [Ruger, TRER)

ROCKS
ED LANE PG 141

The Earth’s crust is not uniform. ts surface and
interior are made of an aimost endless variety of
rocks, each having its own distinctive character-
istics, such as minerals, color, density, porosity,
and hardness. Geologists classity rocks accord-
ing 1o thedr origin.

IGNEOUS ROCKS

Ignecus rocks (from the Latn word for “fire™) are
rocks that are formed deap within the Earih’s mol-
fen interior. Somatimes they are forced out of the
Earth’s interior through volcancas and appear on
the surface as lava. Examples of igneous rocks
are granites, basalls, obsidian (volcanic glass),
and pumice (the porous, bubble-filled lava that
fioats on water). There are no igneous rocks ax-
posed at the surlace in Florida, aithough they
have been found several thousand lest below the
land surtace in deep oil wells.

METAMORPHIC ROCKS

Metamorphic rocks (from the Greek words for
“changed in form”) are formed deep beneath the
Earth’s surface. Originally, they were igneous or
sadimentary rocks that were transformed by the
fremendous heal, pressure, and chamically ac-
five fluids to which they were subjected after burial
in the Earih. Examples of metamorphic rocks ara
slate (metamorphosed shale), marbla (melamor-
phosed limesione), and quartzile (metamor-

phosad sandsiong). Thers are no metamorphic
rocks exposad al the surface in Fionda,

some have been found in wells at dopiths of sav-
aral thousand faat.

SEDIMENTARY ROCKS

Sedimentary rocks are those that were formed at
the Earth's surlace, either by accumulation and
cemenation of tragments of rocks, menarals, and
organsms, of as precipitates from ssa waler,
surface water o ground waler. Debrs from smo-
0N and weathenng commondy form sedimantarny
rocks. For gxample, a sandsions and & conglom-
erate are rocks that are e cemented counbas-
parts of loose sand or gravel deposits. respac-
tivaly. One group of sedimentary rocks found
throughout Florida are limestones, which are pre-
dominantly derived from the calclum carbonate
tosts of marine organisms and algas. A common
feature of these rocks which indicates their ma-
rine origin & the presence of fossils ol marine
organisms. Some limesiones, called coguina, are
composed aimost entirely of shells of maring ani-
mals that became cementad together after the
arimals dhed. Many of the sand and clay depos-
its thal cover Fiorida were transporied and de-
positad nio saa waler by streama Some wers
then reworkad by coastal and manne processes.
such at shoralng enosion and accretion,
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GEOLOGIC TIME
and
DATING TECHMIOUES

The Earth is very cld—over ‘our and 2 hadl billon
years—d4, 500,000,000 years. This length of ime
is nearly impossible to comprehend in terms of
human evanis or even lifetimas, How sarth sci-
enlists determine geologlc time forms the basis
for many of the key principles that have helped
to explain the mysteries of our planet's and
Florida's peoiopic histories.

The secrets of Eanh's age are hidden in its rocks.
Interpratation of these secrsts may be difficult
because rocks can, and often do, vary greatly in
age from place to place; and sometimes there are
paps in the rock-record, with layers missing.

Geclogic ime = measured in two ways: a rpia-
Sve ime scale. based on the sequence of layer-
ing of rocks: and an absoclute (or afomic) ime
scale. based on the rate of radicactive decay of
ceraln elements in rocks.

One fundamental principle of relative age dating
is the Law of Superposiion, which steles that in

accumuiation, the youngest stratum S af the top
and the oldest is at the bottom. Relative age dat-
ing also s done by using a second basic prin-
ciple of geclogical correlation; namely, that dis-
tinctive marker fossils are found only in rocks of
cerain ages. Chronologic cormelaton, as used by
geciogests, Means the cetermenation of e ap-
proxeTiate squivalance in QEOIogeC age and stral-
@raphic pesition of wo mck sirata that occur in
different areas of the world (Figure 1).

CORRELATION OF ROCKS

Paleontological studes of fossi's arcund the
word have shown Ihat. throughout geclogical
lime, countiess species of armals and plants
have appeared, flaurished for millions ol years
and, then, sither died out (became extincl) or
slowly changed (evoived) into significantly
Giflerent plants or animals. In geclogical tarms,
this life-span of a distinctive species is its age
range.

Anoiher important aspect ol studying fossils s
the determination ol their geographic distribution;
in other words, “Where in the world did they Ive?"
As is trus with plards and animals oday, some
toss Spacies have been tound o have Nad workd
wide digtribution, while others have only bean
tound in restricted areas or regions. This can best
be illustrated by considering the relationship of
any animal or plant 1o its environment, The physi-
cal characteristics of every plant or animal re-
quires that it live in certain and often resincled,
emvironments. Oysters, for exampie, are restng-
#d 10 iving on the boftom of bodies of brackish
watgr. Theretors, f one found accumulations of
fossil oyster shells in a stratum of rack, It could
reasonably be assumed that the rock's con-
stituents had been deposited in a body of
brackish water.

These two prinCiples have enabled geciogists to
dentiy rocas of the saTE peneral age whersver
they are lound. The actual age of the rocks, in
terms of years, however, was not known. The rock
units could only be placed in a relative se-
quence—agither older or younger than other
adjacent rocks. On the basis of such relative age
dating in Europe, the standard gecilogic column
was constructed during the 1800s (Figure 2).
Figure 3 s a geciogic map and a geociogic col-
umn for Florida showing rocis fhat occur af or
near the land surface. Also given on the stand-
ard geclogic column In Figure 2 are approximate
ages thal are derivad from radioactivity studies,
summarized in Figure 4,
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South Florida

Morth Florida

land surface
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Figure 1, Relative age dating and correlation batween rock units using foasiis, The three species of
microscoplc animals, called foraminifern, occur in Florida rocks of different ages. Their occurrence
In rocks throughout the state indicate the relative ages of the strata In which they are found. Photo-

graphs by Frank R. Rupert.
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Figure 2 Standard geologic column and time scale The systemsc divisons are applicable the world
over. The notation myn. hers and throughout the text, means: milllon ysars sgo.
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Figure 1. Geologic map of Florida showing the locations of rocks that occur st or naar the surface
{after Rupert, 1985). Sse Figure 9 for detailed stratigraphic column.
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Figure 4. Aadioactive age dating and the age of the sarth. Radicactive slemanis, such as thorium
and uranlum, spontaneously disintagrate 1o form new alemants. The rate st which sach radloactive
slement disintegrates s unique to that slemant, and sach slement's decay rate has bean deter-
mined by sclentists, Decay rates are given In terms of half-lite, in years. This is the time required for
one=hall of the radioactive atoms Initlally presant In an slement to disintegrate and change Info a
new slameant. For example, uranium-235, with a half-ife of 713 milllon years, decays to form the
stable slement lead-207. By carefully measuring the amounts of radioactive elemants in rocks,
geologists can calculate the ages of the rocks. With the results of studies of radioactive slements in
minerals from rociks all over the world, geologists have been able 1o assign absolute ages, in years,
o the standard geclogic column in Figure 2. Based on radicactive dating techniques scientists
calculate the sarth is about 4.5 billion years old.

Migcens dugong Mesperosiven cratagenais found bn the Flosldin Company Quincy mine, 1928, Now on display bn the lobby
al tha Florida Gealoglcal Survey bullding, Tallshasses. From Rupert, 1990,
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EARTH'S MOVING PLATES

EARTH'S MOVING PLATES

Ed Lane PG 141

How did Florida get where it is and in its presant
shapa? The answer o this question lies in the
rastless nalure of Earth's crust, Earih's surlace
is actlve and mobile: mouniains rise—eea floors
are croated—and continents move, Until a fow
decades ago such ideas bordered on sclence fic-
tion, sven 1o geologists. Howavor, ovidence has
bean accumulating for the past 30 years thal sup-
podis tha basic theories of how the presenl shapes
and arrangements ol Eari's continenis came o
be. These sarly theories of sea-floor spreading
and continenial driff led o our curment under-
standing of plate tecionics.

The notion of continental drft & DEsed on the fact
that the so-Called “solid™ rocics that form the Eant
are capable of moving. Flate teciornscs theorizes
that larpe chunis (piates) of the Earth’s colder,
upper crus! are capabie of moving siowly (ke
rafts) on fop of deeper. holter, and more Thud rocks
in the mantie (Figures 5, Sa, and 6b). Geologists
have identified seven large plates on the Earth’s
surface, with 11 or more smaller plaies. The pic-
ture that has emerged from recent discoveriss in
geoiogy is a simple one- the Earth is girdled by
numerous linear spreading centers dominated
by & continucus 40,000-mile-long system of mig-
ocodn ridges, such as the Mid-Atlantic Ridge and
iha East Pacific Rise (Figure 5). Thesa ridges lorm
portions of the plate boundaries and have cracks
(rifis} along their crests. Lava from tha Earth's
uppar mantle |8 more-or-less continuausly forced
oul fram the rilte along the ridge crests, produc-
ing maw (young) rock. This process ol creating
new oceankc crust forces adjacent plates apar
and is called sea-floor spreading. Sea-lloor

Weorgd abowt B e lign e i forare Y =
[owtined], Sased on preseal piate /
Sraect i SR ant changes

B i Canmy Amwdics, B Sooth-

Wi Cadilgana Bpprosc e dases ¥

spraading causes (he continants to migrate or
“drift.” Rates of spreading vary from place to place
along the mid-ocean ridges. For example, the
norih Atlantic basin is growing wider by approxi-
mately ona inch per year, while the south Atlantic
basin is growing wider at the rale ol about one
and ona-hall inches per yaar.

What happens when all these plates move about
over the Earth? Spreading in one place will cre-
ate & collsion in another. Plates come together
in differant ways. They may skce past sach other
akong fher MafgEnS, along ieubie, a5 ooes the San
Andreas Faull in Callorna, which is part of the
boundary betwesn the North American and Pa-
cific pletes (Figure 5). The many sarthquakes of
that region are the result of the o plades grind-
ing past each other, In SomMe Dlaces at the rats of
several inches par year. Or, one plale may siide
under ancther in & JECOPC Drocess cales sub-
duction, in which case two things may happen.
A desp oceanic french may be formed, such as
the Algutian Trench, Alaska (Figure 5). Mountain
ranges may be created as the edge of the over.
nding piate is fed and buckled up, such as where
the indian continénial plate is pushing up the
Himalayas, which are on the southerm edge of
the Eurasian plate, Accompanying all of this
trench and mountain bullding are earhguakes
and volcanic activity. Fortunataely for Florida, most
of ihe sarthquake and volcanic activity lakes place
aleng the leading edges of the plates. Because
Florida is on & passive interior part of the North
American plate, it saldom feels any quakes and
has no volcanoes
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diracilon of pwis mosemeEni

Figure 5. Seven large plates account for most of the earth's surface. Plale margins and spreading
centers are shown In red. Arrows indicate relative motions, with the African plate assumed to be
stationary. Several smaller plates are also shown, much simplified and compiled from many sources.

L A1,
"
[ i R
1 3
" b
I -
MID-ATLANTIC RIDGE
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Figure 6a. Pattern of ages of Morth Atlantic oceanic crust. The Atlantic Ocean has been opening for
over 200 million years and s still widening at the rate of a few centimeters per year. Cross section
A-B is Figure 6b (modified from: Thackray, 1880).
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Figure 6b. West-io-east cross section showing basic aspects of plate tectonics and sea-floor spreading: (1) up-
welling convection currents of molten mantel reck split the continental crusts apart, creating rifts and exuding new
oceanic crust (2); oceanic crust travels away from spreading center, (3) moving the lighter continental plate (4)
with it. Transform faulls are created by uneven tensional and compressional forces on the crust [modifled from:
Thackray, 1980).
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CHAPTER 3

FLORIDA’S GLOBAL WANDERING
THROUGH THE GEOLOGICAL ERAS

Jonathan D. Arthur PG 1149,
Paulette Bond PG 182, Ed Lane PG 141,
Frank R. Rupert PG 149, and
Thomas M. Scott PG 99

FLORIDA BASEMENT ROCKS

Rocks of Precambrian, Paleozoic and Mesozoic
age occur several thousand feet below the sur-
face of Florida (Figure 7). These older, deeper
rocks are either igneous, metamorphic, or sedi-
mentary and may collectively be termed base-
ment rocks. In north-central Florida, these rocks
have been penetrated by oil test wells at depths
of 3,500 feet below the surface. The distance to
these basement rocks gradually increases away
from this region, reaching depths of more than
two miles below the surface in the western pan-
handle, and over three miles in south Florida.

Figure 7 is a generalized geologic map showing
the distribution of basement rock-types in the
subsurface of Florida. Basement rocks of south
Florida are primarily basalts which were formed
during the Late Triassic and Early Jurassic Peri-
ods. These basalts also occur in the subsurface
of northern Florida where they are interlayered
with Mesozoic sedimentary rocks. In central
Florida, the basement is granite and minor
amounts of metamorphic rock. Radiometric age
determinations of these rocks indicate that they
were formed during the Early Cambrian Period,
about 550 million years ago. Rocks very similar
to these also occur beneath portions of the Florida
panhandle. Underlying most of northern penin-
sular Florida and the central panhandle are sand-

11
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FLORIDA

Possible location of the Mesozoic suture zone,
the boundary between ancient Africa and an-
cient North America, formed by their collision
(Nelson et al., 1985).

stones, siltstones, and shales which are early
to middle Paleozoic in age. The ages of these
sedimentary rocks were determined by their fos-
sil content, which included brachiopods,
crinoids, and mollusks. Not only do these fos-
sils tell scientists about the age of the rock in
which they occur, but also provide clues about
the environment in which they lived. These or-
ganisms lived in cold sea water along the margin
of an ancient continent.

PRECAMBRIAN, PALEOZOIC
and
MESOZOIC ERAS

During the Late Precambrian, about 700 million
years ago (mya), terrain that was to become
Florida was part of an ancient supercontinent,
which was composed of what is now North and
South America, Africa, Europe, and other land
masses. More than 600 mya, this supercontinent
split apart—most significantly North America from
Africa. Later, in the Paleozoic, the tectonic forces
which had split the supercontinent continued to
operate, driving the detached land masses to
migrate together again in a collision which formed
another supercontinent, called Pangea (Figures
8a and 8b). The tectonic cycle continued with
Pangea rifting apart again (Figures 8c, 8d, 8e),
as had the first supercontinent, and during the
next 200 million years the Earth’s plates migrated
to their present-day configuration.

So where does Florida fit into this story, espe-
cially if it was not part of the “North America” that
existed during the early Paleozoic? At one time,
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intrusive and axtrusive focks

"EHHN

Late Precambrian - Early Cambrian

Triasslc rad-beds and diabase Inlfusions

Early to Middle Mesozaic axtrusive rocks

Ordovigian - Devonian sedimantary rocka

Approsimata contact belwaan rock Iypes

.a“""",

Figure 7. Rock types of the Florida basement. These deeper, older rocks are found only several
thousand feet below the surface. Compiled by Jonathan D. Arthur.

scientists beliaved that the basament rocks of the
southeastern United States, including Florida,
wera a subsurface extension of the igneous,
metamaorphic, and sedimentary rocks that are
exposed in the Appalachian Mountains. However,
recent research indicates that the area that was
to become what we know as Florida was a part of
northwest Africa. In the last 25 years sclentists
have found distinct similarities between Florida
basement rocks and subsurace rocks in north-
west Africa. Certain Florida sandstones, silt-
slones, and shales as well as the fossils which

12

they contain are very similar to the rock
saquences and fossil assemblages which occur
in norihwest Africa. The igneocus and metamar-
phic rocks of Florida are comparable in rock-type
and age to those of northwest Africa. Also, when
the continents are fit back together In order to
envision the layout of Pangea (Figure 8b), the lo-
cation of the various types of rock in the base-
ment are better understood if they are considered
to have been a part of Africa. The Florida base-
ment seems o provide a missing piece of the
African puzzle. Various magnetic proparties within
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MORTH AMERICA

Flgure Ba.The universal land-mass Pangea about 230 milllon Figure 8b. Detail of Figure
years ago (mya). Future-Florida is shown in red. Figures 8a, showing fit of Africa and
Ba-Be after: Dietz and Holden, 1972, Morth America. Dashed line

approximates 6,000-feet

dapth contour.

Figure Bc. Triassic period, lbuut 195 mya. At- Figure 8d. Jurassic period, about 140 mya.
lantic Ocean has begun to open. Plate bound- South Atlantic Ocean has begun to open.
aries in red; arrows show direction of plate drift.
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Figure Be. Cretaceous period, about 65 mya. All present oceans have opened. India is on its way to
collide with Asia and create the Himalayan Mountains, and future-Florlda drifts toward its present

location.

the Florida Paleczoic rocks also match better with
those of Africa than those of North America, The
Mesozoic suture—the boundary between ancient
Africa and North America which was lormed whan
they collided to form Pangea—may be located in
the subsurface of southem Georgia. Sciantists do
nol know exactly where the sulure zona batwean
Morth America and the anciant Afro-South Amieri-
can plate is located, but attempts have bean made
to find it, Using information from deep wells in
nerih Florida and southern Georgia, geclogists
think thay may have feund the ancient suture
zona, Also, a 1985 seismic survey across south-
@rn Georgia indicated that the sutura zone may
be there. Allhough indirect in natura, this evidence
supports the idea that Florida was once a par of
Africa. I the boundary between ancieni North
Amarica and Africa is now located north of Florida,
then the deep Paleozoic rocks of Florida repre-
sant a rifted-off pordion of Africa.

In every comparison of geologle information, the
affinity with Africa becomas more apparent and
the resemblance to Paleozoic Morth American
rocks lessens. Because of the current theory
that Florida was once part of northwest Africa,
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geologists refar to the basement of Florida as an
exotic terrain.

Tha Atlantic Ocean basin began to form in the
Late Triassic when Pangea began to split (Figura
Bc). By mid-Jurassic time rifting was probably
complete. To the east of proto-Florida a spread-
ing center was creating new sea floor for the
young Atlantic Ocean; this spreading center is
mow called the Mid-Atlantie Ridge (Figure 6b). As
the new sea floor spread outward to bolh sides
of tha ridge, the North American confinental plate
was forced away from Africa (Figure 8c).

By the lale Middle Jurassic the spreading center,
which had bagun earller to pour out basaltic lava,
gradually shifted its position to the east. The lava
flows cooled and hardened, forming new ccean
floor or oceanic crust.

Near the margin between the newly-formed oce-
anic crust and the older continental crust, a basin
began to slowly form. At first this sinking (or sub-
sidence) occurred mainly because the basaltic
crust shrank as it cooled. As the crust confinued
to coal and shrink, various types of sediment were
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carried into the basin. The welght of this accumu-
lating sediment aiso lorced the crust beneath the
basin to sink. This extremely gradual sinking was
essential in the early development of the carbon-
ate Flerida platform during the Cretaceocus.

A carbonate platform is an area whare great thick-
nesses of carbonate rock nave accumulated in
the past. Carbonate sodimanis are continuing ta
accumulate to the present day on tha Flarida Plat-
form and on modarn carbonate platforms, such
as the Bahama Banks, sasl of Florda. Carbon-
ate rocks on the Florida Platform are limesiones
(calcium carbonate, CaCQ,) and dolomites (cal-
clum-magnesium carbonate, CaMg{CO,).}.

The calcium carbonate which makes up the rocks
assoclated with carbonate platforms is produced
by various organisms which liva in marine anvi-
ronments. Whan the tiny animals that live in coral
faals die, the reafs (made of calcium carbonate)
may ba preserved as one type of imastone. Some
varieties of seaweed (algae) have the ability to
secrale fragile skeletons of caleium carbonate.
Whean the algae die tiny crystals of calcium car-
bonate fall to the sea floor and form carbonate
mud, or lime-mud. This carbonate mud s pra-
served as another type of limestone. These are
anly two examples of the sorts of organisms which
construct calcium carbonate skeletans as part of
their life cycle. If a carbonate platform is to form,
these carbonale-producing organisms must be
able to grow prolifically. The water in which the
organisms lve must remain shallow, since somea
of them require light to surviva.

Minor amounts of anhydrite (calclum sulfate,
GaS0,) occur in the thick section of Crefaceous
carbonate rocks of south Florida. Anhydrite forms
ieday in very dry climates such as the Persian
Gulf, Genarally, it seems to form when sea waler
flows into a shallow basin which is cut off from
additienal sources of waler. In that situation the
sea water evaporates unfil eveniually anhydrite
is lormed by precipitation. The présence of an-
hydrite layers In the thick carbonale accumiila-
tions of south Florida suggests that at somatima
in the past the climate may have been hotter and
miuch driar that it is rnow.

The Mesozoic Erg, from about 250 millien years
ago (mya) to abouwt 65 mya, is popularly kmown
as “the age of dinosaurs” bacausa thay were the
dominant forms of life for over 150-milllon years.,
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Although dinosaur fossils occur in many places
i the world, none have been found in Florida,
and a look Bt Figuras 2 and 3 will halp to axplain
why this is s0. Dinosaurs became extinct aboul
BS-million years ago, and the oldest rocks that
ecour al or near the surface in Florida are Middle
Eocene age, about 45-million-years old, depos-
ited some 20-million years after dinosaurs be-
carma sxtinct. Whila it |s possible that dinosaur
fosslis may exist in the Crefaceocus rocks under
Florida, the closest onas would ba several thou-
sand feet deep. Florida's oldest veriabrate fossil
was recovered In 1955 during oll test drilling
near Lake Okeechobes. A well core broughl up 8
partial skeleton of an agualic turile from a depth
of 9,210 feef fTrom rocks of Early Crataceous
age. Tha coné hole [ust happened (o be in posi-
tion fo panatrate the rocks where the fossil was
embedded.

CENOZOIC ERA

The Cenozoic Era in Florida is represented by
sediments that were deposited during the lagt 85-
millicn years of geclogic times (Figure 8}, Sea-
level fluctuations throughout the Cenozoic played
a major role in creating the present configuration
of Florida, through the processes of sediment
deposition and erosion, In general, the sea level
during the early Cenozoic was significantly highar
than the present level. Throughout the Cenozals,
saa laval fluctuated considerably along & broad
genaral trand of falling sea level since the end of
the Cretaceous (Figure 10). This general sea level
trand has superimposed upon it many shorer
duration fluctuations, both sea leval rises and
falls. The geologic record of Florida reveals
unconformities where sadiments ara absent dus
lo nondeposition or ergslon in response 1o sea
level fluctuations. Geologists believe that the
Cenozoic sea levels in Florida have fluctualed
from several hundred fest or mora abova ihe
present level to more than several hundred feat
below present sea leval.

The Cenozoic of Florida is represented by two
groups of sediments: ihe Paleogene and the Neo-
gene-Cuatarnary (Figuré 9). Carbanate rocks pra-
dominate in the rock-record of the Palecgens In
Florida while quariz sand, silts and clays domi-
nate the Meogene-Quaternary. The carbonate
recks ara principally limestone and dolomite with
varying but generally minor percentages of
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Figure 10. Sea level changes during the Cenozoic Era (after Hag ot al, 1987

evaporites. The evaporites present in the Ceno-
2oic rocks are gypsum (CaSO,_nH,0) and anhy-
drite. The evaporias ane present as thin-io-thick
beds and as pore fillings In the carbonale rocks
comprising the lower portion of the Paleocena
section. The evaporites formed in response to
restricted circulation of the sea waler allowing
evaporation o concenirate the minarals in salu-
tion. The minerals were then deposited along with
the carbonate sediments.

The Florida peninsula is the emergent portion of
the wide, relatrvely flat geociogic feature called the
Flonda Platiorm, which forms a rmmpan between
the deap waters of the Gulf of Mexco and the
Asiantic Ocean (Figure 111 The Fionca peninsula
is located on the sastemn side of the platform. Tha
edge of the Florida Platform is arbitrarily defined
o be whers walar depth is 300 feel. Tha edge of
the platform lies over 100 miles west of Tampa,
while on the east side of Fiorida it lies only 3 or 4
miles off the coast from Miami to Palm Baach.
Within relatively short distances from tha adge of
the platform water depths increase more sharply,
eveniually reaching “abyssal” depths of over
10,000 feet, creating what is known as the Florda
Escarpment. Diving expeditions along the escanp-
ment west of Tampa, with the deep submersible
Ahnn, found the escarpment there consmied of a
prgantic imesions ciift that rose over 6,000 leet
above the 10,700-lesl-deep Guf fioor Based on
wndencs from ol sxploralory work, & has been
sstimated tha! carbonale and svapontic rocks
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may underiis south Florida at depths greater than
20,000 feet.

The Florida Platform, during the Palecogene, was
very much like the present day Bahama Banks
with carbonate sediments forming over a large
area. The carbonate sediments formed due to
biological activity and, for the most part, are made
up of whole or broken fossils. These fossils in-
clude foraminifera, bryozos, mollusks, corals
and ofther forms of marine life.

Very linig slliciciastic materal was able 1o reach
the Florida Platiorm due o the presence of a
maring curment running through the Gulf Trough
{Figure 12) wisch transporied thess sediments
away from the platform. This curment was similar
to the Gult Stream today. Another factor was that
the Appalachian Mountains, the primary source
for the siliciclastic sedimeants, had been eroding
for millions of years through the Mesozoic and
early Canazolc. As the mountainas were reduced
by aroslon, limited amounts of siliciclastics were
produced and carried by streams and rivers to
thie ocean whafe curfanis carfied the sadiments
away irom the Florida Platform,

In the mid-Cenozoic, lale Palsogene, the Appa-
iactuans were uplified and erosional rales in-
craased greatly, providing a fliood of siciciastc
LO0mants which eventualy filked the Gu# Trough,
With tha filling of the trough, the siliciclastic
sediments encroached upon the carbonate
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depositing environments, them with
sands, silts and clays (Figure 13). In northem
Florida, the siliciclastic sedimanis appear very
sarly in the Miocene while in southern Florida
carbonates continued to be deposited until at laast
mid-Miocene. The siliciclastic sediments sproad
southward most rapidly along the east coas! of
Florida In response to the more vigorous coastal
conditions on the Atlantic coastiine.

The sediments deposited during the Neogene ara
primarily quariz sands, silta and clays with vary-
ing amounts of limesicne, dolomite, and shell.
With the exception of the Pliocene Tamiami For-
maticn in southwestern Florida, the Neogene
carbonates occur as thin beds and lenses
disseminated In ihe siliciclastic sediments. De-
posits composed primarily of shells with subordi-
nale amounis of sands and clays become very
common in the Pliocena over much of Florida.
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Figure 12.Through Oligocens time the Florida
Platlorm was a shallow, marine limestone
bank environment, Currents through the Gulf
Trough diverted sands, silts and clays that
were eroding off the Appalachian Mountains
to the north,

The beginning of the Neogene not only markad a
disfinct change in sedimantation but also the ini-
tiation of photphaie Jeposition in Florda. The con-
ditions leading 1o the deposition of manne phos-
phales are variable but specific conditions are
thought 1o be required. One of the most important
factors is the upwelling of cold, nutrient-rich_ phos-
phorus-laden water irom e deap ocaan basins.
The mcreased phosphorous supply alows the
rapsd dewslopmaent of ange populahons of manns
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Figure 13, Slliciclastic sediments had filled the
Gulf Trough by Miocena time and ancroached
down the penlnsula, covering the limesions
anvironmants.

organsEms such as plankton. As hase organisms
die and settle 1o the bottom, large amounts of or-
ganc material accumulale, mix wih he $adiments
and are buried. 1t is thought that reactions within
the ssdiments causs the formation of the phos-
phate mineral francolite. The subsaguent devel-
opmant of sconomecilly sigrilicant phosphats de-
posits refults tom e rewonong of the phosphatic
secmanis and T concenirahon of T phosphate
by current and wave BChon.
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Hawthorn Group sedimenis
at or near surface

Figure 14. Hawthorn Group phosphatic sediments at or near the surface. Where this occurs, the
possibility of radon problems exist.

Sediments of the Miocene-Pliocene age Haw- The Meogene phosphales in Flerida contain vary-
thormn Group contain large quantities of phosphate, ing amounts of uranium incorparated in the min-
soma of which cocurs in economically important eral francolite, The percentages of uranium
conoentrations. Current mining operations can be present range from hundredths to tenths of a per-
saen in Polk, Hillsborough and Hardee counties cent of the total mineral. The uranium [solope U*™
in central Florida and Hamilton County in north- is the most abundant form of uranium present in
emn Florida, Much of the phosphate mined in Florida’s phosphates. As U™® decays radio-
Florida Is processed to form various types of aclivaly, radon (Rn®™) eventually forms as one
fertilizers, parn of the decay series. Radon, a shor-lived ra-

dicactive isctopa, ocours as a gas which may
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Figure 15. Major geclogic structural eiemants of Fiorida

accumulate in builldings, causing polential haalth
problems. Wherever the Hawthom Group phos-
phalic sediments are present naar the suriace,
the possibility of radon problems exist (Figure 14),

Tha early Canozole rocks of Florida are not Tlat-
Iying bul form & series of hlnf'll {platiorma) and
lows (basins), These geological leaturas are
known as siructures. The later Canozolc sedi-
mants aré thinnest over the highs and thickest in

2

the lows. Figurs 15, a geologic structure map of
Florida, shows these features. The oldest sadi-
menis exposed in the stale are exposed on the
crest of the Ocala Platform, a major high feature
in wast-central Florida. Other prominant highs
inglude the Chaltahoochee Anticline, Sanford
High, Brevard Platform and tha St Johns Plai-
form. The lows include the Oksechobee Basin,
Osceota Low, Jacksonville Basin, the Gulf Trough
and the Apsalachicola Embaymeant. A major,
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Figure 16. Pleistocens shorelines in Florda Bustration by Frank R. RuperL.

actively subsiding basin, the Gulf of Mexico Ba-
gin, lles west of the Florida Platform. To the east

of tha peninsula lie the Blake Plaléeau Basin and
fhe Bahamas Basin.

QUATERNARY PERIOD

Tha Quaternary Period encompasses the last 1.8-
million years of geclogic history, The Quaternary
Period is made of two geclogic epochs, the Plels-

2

tocene Epoch (1.8 million 1o 10,000 years ago)
and the Holocena Epoch (10,000 years ago 1o
the present) (Figure 2). It was a time of world-
wide glaciations, widaly luctualing sea level,
unique animal populations, and the amergence

of man. Seas alternalely llooded and retreated
from the land area of Florda, Most of the land-

lorms characlerizing Florida's modern topogra-
phy, as well as the springs, lakes and rivers dot-
ling tha siate today formed during the Quatemany.
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The tresh-water table in Florida was probably
much lower than today during the Pleisiocens sea
level low stands. The climate may have been sig-
niticantly drier as a result. Surface water foatures
such as springs and lakes were less abundani.
Only the hardiest of trees, such as oaks, and va-
rieties of ragweed and dry-tolerant grasses would
have lNourshed, giving Pleistocena Floridn the
appearance of the modern African savannas,

The glaciations were interrupied by warmar in-
lerglacial intervals, wilh aarth's climate warming
congiderably. As the climate warmed, the glaciers
meltad, raising tea level and flooding the Florida
peningula. At the peak intergiacial stages, ssa
ievel stood af least 100 1o 150 feel above the
present vel, and peninsular Flonda probably
congisted of slands. Figure 16 dlustrales ™he prob-
able Pleistocene shoreline postions in Flonda
gunng the glacal and intergiacial panods.

Mary of Fionda's modem opographic features
and syficial sedments were crealed o depos-
iled dunng the vanous Plesstocene saa level fegh
stands. Waves and cuments in thesa ancani teas
sroded the exposed formabons of previous ep-
ocha, Mshaping he earber landforms and redis-
tributing the sroded sediments over a wide aroa.
Al the same time, rivers and longshore currents
transporied tremendous quantities of sediment
into Florida from the coastal plain surrounding the
Appalachian Mountains to the nonh, Much of the
guartz sand covering the stale today, as well as
the heavy mineral deposits, trace their origin to
rogks of this once-great mountain chaln,

The Plaislocanes seas spread a blankel ol sand
over 1he limastones underlying Florida's Gull
coast, infilling the irregular rock surface, lorming
a relatively featureless sea boftom. Durng the

sea-level high stancs, and as Ihe seas retreated,
shors waves and near-shone curments eroded a
geries of ralict, coasi-paralel scamps and con-
siruciad sand noges spanmeng the state. Many of
these features are formed on or carved out of
older geciogic landiorms and are loday stranded
many miles inand Notabls exampilss nclude e
Cody Scarp, the Tral Ridge. Brocksville Ridge
and Lake Waies Rudge (Figure 17). Some of the
Iowiand valleys probably avorwed largely Fom oes-
solution and lowering of the underying Kma-
stones, and these areas may wedl have lunchoned

ralict Atlantic Coastal Ridge on the sast and the
higher ridges of the central peninsula.

The karst nature of the Eoccene, Oligocene and
Miocene limestones comprising the foundation of
Florida influenced the developmeni of Pleistocene
landiorms. For millions of years, naturally acidic
raln and ground water flowed through these lime-
slones, dissolving a myriad of gonduits and cay-
ems oul of the rock. In $ome cases, the cavems
collapsed, forming sinkholes. Karst activity mare
than likely sporadically ocourred through the
Plgistocene, forming new sinkholes and modify-
ng the existing landiorms through collapse and
iowering of the imesions bedroci. In some ar-
aa% lerge dissoiution valisys formed, such a3 the
Wastern and Central Valeys of the central pen-
intula whane dessoluton processes lowerad the
vailey floors redative 10 N Surfounding highiands
(Figure 17]. Many of the lrper Pissiocens sink-
Foles and colapss Sepressong remasn foday as
lakes dotting the Fionda landscape.

The unique geographsc postion of southemmost
Flonda during i Plsisiocens produced a temain
significantly ciflerent from tha rest of the panin-
sula. Here, carbonate sediments predominate,
and the sandy ndges of the ceniral peninsula are
absent. South of approximately Paim Beach, the
marine contnantal slope approaches the edge of
the Florida peninsula. Most of the continental
guartz sands, moving southward with the coastal
currenis during the Pleisiocens, were lunneled
offshore and los! down the continental slope. As
the glaciers melied and sea level rose, nutrient-
flich water flooded thé southarn lip of Florida.
Calcium carbonate, in the form of broken shell
fragments and chemically-précipitaled pariicles,
was the main source of sedimants.
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The area of the modern-day Everglades was a
shallow marine bank, similar to the presant
Bahama Banks. Carbonale sediment bars, soma
vegetated by mangrove trees, protected the sast-
ern edga of the bank near Miami and to the south
along the lower Florida Reys, Calcareous sedi-
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17. Major topographic fealures formed or shaped by Pleistocene seas. lllustration by Frank

menls and bryozoan reefs accumulated on the
shallow bank under very low wave energy condi-
tions. These sediments compacied and eveniu-
ally sclidified to form the limestona that floors
the Everglades today. Dissolution and cementa-
tion by rainwater and acidic organics has since
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procuced the Everglade’s jagged. craggy rock
surface. As sea lgvel climbed 10 s present leved
in the Late Pleistocens and throughout the Ho-
locena, modemn surface-waler drainage pattemns
formed, ultimalely providing waler for the im-
manse, soulhward-flowing “rivar of grass” which
would become the Everglades.

Florida Bay, siranded as dry land during glacial
periods, was mogl likely a Plaistocens lagoon
during high stands of sea level N was protected
trom exiensnvg wave aciviy on the south by &
chain of tThe then-iving coral resls of the Florda
Keys Because of the protecied, low-energy fa-
ture of the south Fiorda area during tha high
Plgizsiocens sesas. relict wave-lormed fealuwes
such as bars, spits and beach ridges are rare.

Mear the southern rim of the Florida Platiorm’s
escarpmant lies a fringeling of Mving and dead
coral reefs. The doad coral reefs farm the istands
of the Florida Keys. The edge of the Florida Plat-
form, marked by the 300-leet depth contour line,
lies four-to-slght miles south of the Keys. Today,
living coral reels grow in the shallow walers sea-
ward of the Keys. This environment is idsal for
the growth of coral: @ shalicw-waler shell, sub-
tropecal latitude and the warm nytnent-nch Guil
Stream neaftry.

The geciogical history of the Flonda Keys began
about 1.8 million years ago, when & shallow sea
covered what is now south Flonda, From that ima
to about 10,000 years ago, often called the Plais-
tocene loe Ages, world sea levols underwent
many fluctiualions ol several hundred feet, both
ebove and below present sea laval, In response
to the repaated growth and malting of the greal
placiers. Colories of coral bacama established
in the shallow sea along the rim of the broad, fiat
Florida Platiorm. The subtropical climate alowed
the comEES 10 grow rapsdly and i grea! abundance,
forming reels. As sea levels fuctuated. the cor-
als maintaned foothoids aiong the edge of the
plateay; their reefs grew upward when sea level
rosa, and their colonies retreated lo lower depths
along the platfarm’s nm when sea levels fell. Dur-
ing times of rising sea levels, dead reefs provided
pood foundalions for new coral growih. In this
manner, during successive phases of growth, the
Key Largo Limesione accumulated from 75 1o
200-feat thick in places. The Key Largo Limestone
Iz a white-to-lan limestone thal is primarily the
skeletal remaing of corals, with inveriebrate

shelis, marne plant and aigal debrs and lime-
sand. The lasi major drop in s$8a level exposed
tha ancignt reals, which are the present Keys.

During reef growth, carbonate sand banks peri-
odically accumulaled behind the resl in anviron-
mante similar o the Bahamas oday. One such
iima-gand bank covered the southwastem end of
the coral reefs and, when sea level last dropped,
the exposad lime-sand or ooid bank formed the
Lower Keys. This white-io-Sght 1an granular rock,
the ke Limgstone, i composed of iy, sphern-
cal poliths, ime-sand and sheils Ociiths may be
up 10 2 millmetens N Sametar Bhd ere made of
concening @yers of calowm carbonate Jeposted
around a nuciews of sand, shell, or other foreign
matier. Throughout the Lowear Keys, the Miami
Limestons lies on fop of the coralline Key Largo
Limastone, and varias from a few feat up 1o 35
feat in thickness. The northwesl-southeast
aligned channals batween islands of the Lower
Keys wera cul In the broad, soft, oolite bank by
tidal currents, Then, as today, the tidal currents
figwed rapidly into and out of the shallow bay
behind the reels, keeping the channels scoured
clean. Exposures of the Key Largo Limesions and
ligmi Limesions can be $een in many places
along the Keys: it canal culs, af shorelines, and
i eormtrutSen ipol plles.
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CHAPTER 4

GEOLOGY and MAN

This ¢l ey wabar Batils s a fine sxampia
of primitive man uslng Florida's min-
aral resources. From Thatcher Mound
afte, Hillsborough County, 1837, FGS

phatagraph.

Frank R. Rupear PG 148
and
Kennath M. Campbeall PG 182

EARLY MAN AND HIS ENVIRONMENT

The Holocene Epoch began 10,000 years ago
during a slow warming of the Earth’s climate, Sea
level climbed Intermittently toward its present level
from a glacial low about 18,000 years ago. As
the encroaching sea shrank tha stale 10 s
present size, paleo-Indians spread throughout
Florida, flourishing on the abundant resources.
The first paleo-Indians probably migrated into the
state from the continental mainland batwean
10,000 to 12,000 years ago. The earllest docu-
mentation of man's presence in Florida comes
fram Little Salt Spring in Sarasota Counly, Paleo-
Indian skeletal remains from this site have been
dated at over 10,000 years old.

Sea level then was as much as 100 feal lowar
than at present, and the land area of Florida was
miuch larger than [t is now. Upland Florida did not
have tha lush tropical and subtropical environ-
menis we see today. Surface water was |ess
abundant and ground water was much lower than
at the present time, Permanent sources of fresh
water would have consisted of rivers and deep
sinkholes, such as Little Salt Spring, which inter-
sected the water fable. Man's cccupation of the
imterior of Florida was praobably aither ol a saa-
sonal nature or limited to the vicinity of perma-
nent water sources, Approximately 5,500 years
befare present (BP) wetter conditions apparenily
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prevailed in Florida, making possible a gradual
increase in population and expansion inlo previ-
ously uninhabitated portions of Florida. Most earty
iribes relied on hunting game animals and gath-
ering shellifish for food.

During the paleo-Indian period (14,000 - 8,500
BP) and the Archaic period (8,500 - 3,000 BP)
which followed, exploitation of the geclogic re-
sources of Florida was probably limited 1o the use
of caves and sinks as waler sources and pos-
sible shelter, and oulcrops of chert for the pro-
duction of projectile peoints, scrapers and other
tocls. The next major advancement in the ufiliza-
fion of geclegic resources was the manufacture
of fired clay poltery. The earliest examples of
pottery appear at various places in the state be-
tween 3,000 - 4,000 BP, The use of clay or mud
to seal vertical post-walled structures and the usa
of sandstone scrapers has also been docu-
menied.

Throughout much of the Neogene and Pleis-
tocens, Florida was home to a diverse animal
population (Figures 18 1o 21). Many unique and
now-gxtinct species migrated into temperale
Florida to escape the cold and ice of the huge
glaciers to the north. Fossil remains found today
in Neogene and Pleistocene deposits include
masiodons, mammoths, black bears, giant sloths,
capybaras, beavers, lemmings, dire waolves,
horses, lapirs, camels, glyptodonts, llamas and
saber-tooth cats. Florida may have been a final
refuge for many specles as extinction took its toll
on the once-diverse animal populations. Animals
guch as the mastodon, mammoth, giant sloth and
saber-tooth cat disappeared forever.
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came a comespondng nee n the state's ground-
water table. Most of Florda's springs, lakes and
spring-fed river sysiems developed during the
Holocene Epoch. The rate of sea level rise siowed
about 3,500 years ago when saa level was five
feat bolow present level. By that time the baachas,

barmer slands and spits charactenning Fionda's
modem coasting had evolved The compiex geo-
logic processss which shaped Florda inko its
present form continge today. Flonda continues to
evolvé &3 Ihe iea shapes the coasls and redis-
iributas the sands and othar sadimants which are
io be the rocks of future epochs.

i
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MODERN MAN
ECONOMIC MINERAL S

Florida s nol generally thought of as & mining
state, however, it ranked Hth nationally in total
valua ol non-fugl minerals produced in 1880.
Phosphate rock, crushed stone and cemant are
the major commaodities produced; but clay, heavy
minerals, magnesium compounds, oil, natural
gas, peal and sand and gravel have also been
produced in recent years. In addition, sulfur is
produced as & byproduct of ol and gas produc-
ton whils flucnne and uranium are produced as
byproducts of phosphaie production. Figume 22
shows the main areas of mineral proguction.

All minkng In Florida is by opeh pit methods. The
mineral commaodity being mined is removed by
earthmaving equipment, dragline or floating
dredge (Figures 23 and 24), The equipment used

= —
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19585; drawn by Androw Jenson)

depends on the D Septh, walsr tahls condibons
and hardness of the materal Whers he waler
tabie i@ located below e base of the pil, oFf when
conditions allow dewalering a pit by pumping,
mining can be conducted under dry conditions.
Whara the pit cannot be economically dewatered,
fioating dredges or draglines are utilized 1o mine
below the water table. In limestone and dolomite
quarriss, blasting is often reguired to break up
ihe rock prios bo mining.

Cemant

Cament s produced by heating a finely ground
mixture of lime, silica, alumina and iron oxide in
a rotary kiln, then pulverizing the clinker which is
formed. All of the raw materials can be found in
Florida. Cament production is closely tied to con-
struction activity.
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Figure 22. Generallzed map of mineral mining areas in Florida. Compiled by Steven Spencer.

Clay

Clay iz a genaral term for common materials
which have a very fine paricle size and which
exhibit the property of plasticity whan wet. Strictly
speaking, clay is both a size term and the nama
of a group of minerals. Clay-sized particlas are
those which are less than 0,000154 inches (1/
256 mim) in largest dimension. Clay minerals are
composaed of hydrous aluminum or magnesium
gilicates, which form, among others, the miner-
alz kaclinite, smectite, illite, halloysile and
palygorskite. Thase minerals combine with a large

number of possible clay-sized impurities includ-
ing silica, iron oxides, carbonatas, mica, feldspar,
potassium, sodium and other lons. Clay deposits
are found in many parts of Florida, but only in
cortain locations are they found with the proper
mineralogy, purity and volume necessary for com-
mercial use. Clays thal are presently mined in
Flonda include fuller's earth thal is used as a
carriar o disperse insecticides and as cat Iitter,
and kaolin and common clays for use as light-
waight aggregrate, cemant ingrediants and con-
struction material.
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Figure 21 Suction dredge method of sand and gravel mining. FGS pholograph.
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the portable crusher, and the crushed rock is carried 1o the plant on the corveyor bell. FGS
photograph.
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Heavy Minerals

Heavy minerals are associated with essaniially
all of the quartz sands and clayey sands in
Florida, but economically valuable concentrations
are known to occur only In limited areas. The ar-
pas which are of economic imporiance are the
Trall Ridge and Green Cove Springs deposits ko-
cated in northeast Florida, All of the commerclally
valuable heawvy-mineral deposits in Florida are
inland from the prasent shoreling and are geneti-
cally associated with older, higher shore linas,
which were crealed during the Pleistocane. Heavy
minerals {minerals having a specilic gravity
greater than 2.8) comprise approximately four
parcant of the economic daposits. The filanium
minerals, rutifa, imenite and leucoxens, make up
ebout 45 percent of the heavy-mineral fraction.
Staurcdite, zircon, kyanite, sillimanite, tourmaline,
spinel, lopaz, comundum, monazile and others
make up the remainder of the heavy-minaral
fraction.

Heavy minarals are mined by a floating suction
dredge equipped with a cutter head, simidlar 1o the
ona shown in Figure 23, The heavy minerals arg
removed from the quartz sand by running the
dredge's output through a series of centrifugal,
magnetic and electrostatic separators.

The major use for the fitanium-rich mineralks {II-
menite, rutile and leucoxena) is to make white
titanium dioxide paint pigment and titanium alloys
used in military and aerospace indusiries. Stau-
rolite is wtilized as a source of iron and alumina
in cememt production and as an abrasiva. Zircon
k= utilized for foundry sands, refractories, ceram-
ics, abrasives, zirconium melal and chemical
manuiacturing. Monazite is rich in the rare sarth
alamants carum, ytrium, lanthanum and thorium,
Major uses of rare earth minerals include cata-
Iysts im petroleum rafiming. high lemperature meatal
alleys and optical glass.

Paat

Peal is formed when the rate of accumulation of
dead plant material exceeds its decay. Watar-
fogged sites such as estuaries, lagoons and
coastal marshes, large poory drained areas such
as the Everglades, lake and river beds and sur-
rownding marshes and swamps, and seasonally
flooded deprassions are common envirgnmenis
in which paat forms in Flanda.

a2

All peat presently mined in Florida is marketed
for horticultural purposes, such as soil conditioner
for lawns, nursaries and greanhouses. Extensive
farming in the Everglades is the major consump:
tive, nen-axtractive use of peat in Florida. Even
though the peat is not mechanically removed from
the site by farming, the peat volume decreases
due 1o biochemical oxidation, compactian,
dessication, arcsion, and fire.

Phosphate

Florida has led the nation in phosphate produc-
tion for B5 years, providing about B0 parcent of
the U.5. preduction and approximately 25 per-
cent of the world production In recent years. Phos-
phate Is found in sediments throughout much of
the peninsula of Florida, however, only two ar-
ess arg currently aconomic 1o mine. The primary
mining area is the Central Florida Phosphate Dis-
trict, located in Polk, Hillsborough, Manatea and
Hardes countles. The other area in which mining
is occurring &t the present tima is that portion of
the Marthern Phosphate District lying In Hamilon
and Columbia counties.

Approximalely 30 percent of the phosphate mined
in Florida iz used for agricultural fadilizers. The
remainder is used in food preservalives, dyas,
hardenars for sleel, gasoline and oil addilives,
toothpaste, plastics, oplical glass, photographic
lilm, insacticides, soft drinks, fira fighting com-
pounds and in numearous other ways.

Two potential byproducts of phosphate produc-
fign ara fluorne and uranium. Both are separated
after the phosphate rock has been digested into
phosphoric acid. Fluorine is used mosily to fluo-
ridate public water supplies, Uranium oxide ra-
coverad from the phosphorie acid is used fo pro-
duce uranium fuel for nuclear power plants.

Sand and Gravel

Quartz sand is ona of Florida's most abundant
nafural resources. Almost all of Florida ks blan-
keted by quartz sand. Very few areas within the
state do not have deposits of sand located within
reasonable hauling dislances. Some construction
sand is mined in the panhandle, but the majority
of construction sand is mined from the ridges of
the central peninsula region. Commercial quanti-
ties of gravel are present only in the westamn pan-
handle and are assoclated with river channel
deposits.
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Industrial sand accounts for less than 10 percent
of the sand mined in Florida and s used prima-
rily as glass or foundry sand or as abrasives.
Construction sand is utilized for concrete aggre-
gata, asphalt mixtures, roadbase material and
construction fill.

Crushed Stone

Limestones and dolomiles ranging in age from
late Middia Eccene 1o Pleistocens are prasently
mined in Florida. Limestone and dolomite are
found at or near the surface in several general
areas within the state: in the panhandle in
Holmes, Jackson and Washington counties; along
the west coest from Wakulla te Pasco
County and extending eastward inlo Alachua,
Marion and Sumter counties; along the soulhwest
coast from Manatee 1o Colller County and In a
narrow band along the easi coast from St Johns
County south into Dade County and the Keys,
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Mining methods vary depending on the position
of the waler table and the hardness of the rock
The sasiest mining cccurs In dry pit, soll rock
conditions where bulldozers equipped with a claw
can rip the rock loose. Where pits are fiooded,
draglines are ulilized to remove the rock. Under
ceriain conditions both methods may be used in
mining the game pit. As rock hardness Increases,
blasting becomes necessary prior to mining. Af-
ter rock is mined it may be loaded directly for
transport to a processing plant, or It may be
crushiad and stockpiled on site.

The major uses of crushed stone in Florida ara
for readbase material, concrate and asphalt, ce-
meant manufacturing, fertilizer and soil condition-
ars and rip-rap for erosion control.



OIL and GAS

Jacqueline M. Lioyd PG T4
and
Ed Lana PG 141

Patroleum (rock-gil, from the Latin peira = rock
of stone, and oleum = oll) is widespread through-
@ul the world. It may be a gas, liquid, sami-solid,
golid, or in more than ona of these stales at a
single place, Any petroleum is a8 complex chami-
cal mixture ol hydrocarbons, which are com-
pounds composed mainly of hydrogen and car-
bon, with emallsr amounts of nrogen, orygen,
g sullur B8 impuUrhes.

Socwnhbgts think that petroleun fomabon began
many milions of years 800, when lower forms of
plants and aremals flounshed in and near the
ooBans, a% My 00 ioday. Whan hess organmms
died, their remaing seftied 1o the ocean botioms
whare they gradually were deeply buried in mud
and silt. Over eons of time, this abundani onganic
matter was translormed into oil and natural gas
by high temperatures and pressures, decay, and
bacterial processes, In a natural pressure cooker.
Al the same time, the enclosing sediments also
wore being transformed inlo consolidated rocks,
such as sandsione, shale or limesiona, These
rocks, in which the oll was formed, ame called
BOUTE rocks.

Contrary 10 popular belief, ol does nol occur in
underground, cistern-like "pools™ thal can be
tapped and pumped dry. Pool 5 & lerm thaf has
special meaning in the od industny, it refers 1o an

economically produceable quantity of oil dis-
persed in rock within the earth. Rock sirata that
contain economically recoverable concentrations
of oil and gas are called resenoirs.

In ordar for oll and gas to be concentrated in po-
rous resanolr rocks, natural fraps, seals, or cap
rocks mus! acour, in various lormse. In south
Florida the oil raps are due o denser, less par-
meable rocks that overdie the oll fields” resensoir
rocks. The traps in the norh Florida panhandle
fislcs &rd dus 10 wery imparmaable beds of anby-
drite (SvApOrhc saltc), fauitng, and stratigraphic
raps.

During the course of oil and gas lormation and
accumulaton N reservoirs, some of tThe original
sea water was displaced and gravity separated
the gas, oil, and waler inlo layers. Figure 25 i-
lustrates this in principle, but in reality the situa-
fion within a resarvoir is much mone complax. Oil
is only a small fraction of the flulds in the pores
of a reservolr, but the discovery and recavery of
this small fraction is the basis of the oil industry
—and most of the world's energy. Most of the
contained fluid is salt water, or brine, since its
dissolved salt content may be higher than in sea
water. Aimost all crude oil has some gas dissolved
in it under pressure. In SOMEe Cases, EECESS gas
forms a above the ol rone. Figure 25
shows a small part of the rock that has in its pores
quanities of o, gas, and brine, all under pres-
sure. Some pores My contain only o, or only
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Figure 25. Generalized cross section oll production and brine injection in south Florida ol field.
Curvature of beds s greatly exaggerated. Tha microscoplc view of the porous reservolr rock, on the
right, shows how oil and waler, though immiscible, co-exist, coating and filling the voids. Produc-
ing wells bring up a mixture of oil, brine, and dissolved gas, which are separated near the wellhead

{Lane, 1985h).

gas, or cnly brine, or mixtures of all. Soma of the
il is coated on the rock, while some is suspended
in the brine. If a well ware 0 penetrate this zone,
ihie pressure would try to drive the oil, gas, and
brine out of the rock and into the well. Mot all of
the gas and liquids would be driven out, however,
no matter how great the driving pressure. Much
of the oil would still remain in the rock due to cap-
illary and molecular attraction between the rock
and oll. Several technigues have been devised
io increase the yield of gil from reservoirs, such
as water, steam, or gas injection, and even ignit-
ing some of the oil, bul recovery usually is rela-
fively low; a recovery of 30 1o 40 percent of the
in-place oil is considerad good,
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Thara are Iwo oil-producing areas in Florida, Ona
is in south Florida, with 14 fields, and the other is
in the western panhandle, with seven fields, The
south Flonida fields are located in Laa, Handry,
Collier, and Dade counties (Figure 26a). Florida's
first oil field, the Sunniland field, in Collier County,
was discovered In 1843 (Table 1). It has since
produced over 18 million barrels of cil. Subse-
quenily, 13 more field discoveries were found to
lie along the nofthwest-southeast trend through
Lee, Hendry, Collier, and Dade counties. Although
these fields are relatively small, production is sig-
nificant. Together, the three Felda fields [West
Felda, Mid-Felda, and Suncco Felda) In Hendry
County have produced over 54 million barrels of
oil (Table 1).
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Figure 25a. South Florida oll field location map (after Lioyd, 1983}

South Flonda felds produce o from smadl “patch
resls” within tha Lower Cretsceous Sunniland
Formation (Frgure 28b), Fom between 11,500 and
12,000 fes! below land surface (Tabie 1). The
strata of rock from which cil and gas can be pro-
duced o & wall 5 called the pay rona. Sunniland
pay rones vary from about 5 1o 30-leet thick.

The depositional anvironment during the Lower
Cretaceous in south Florida was one of a shal-
low sea with a very slowly subsiding soa boftom.
Tha time interval was characterized by numas-
ous transgressions and regressions ol tha sea
over tha land, which created the carbonate-
avaporite sequence of geologic lormations shown
on Figure 260, The Sunniland “reefs” are not true
patch reals but were localized mounds of marine
animals and debris on the sea floor, The primary
mound-bullders lound in the Sunniland limestone
wora rudisfids, oyster-like mollusks thal axisied
only during the Cretaceous. They lived in great

profusion and were widely dstributed n clear,
shaliow Cretaceous seas. Other marine e founa
in the Surniand paich rests, or mounds, INCluoed
calcareous aigae, seawesd, foraminifera, end
gastropods. such as snails.

Foraminifera, usually quite small, are singie-
celled animals with axténal skelelons oF 831,
Bacause of their iIncaiculable numbers in The ssas,
thair tesis and remains can mpresent significant
amounis of organic dabris on the ocean boffom.
Fadlets and other organic debris also accumulated
in these mounds. The remains of the rudistids,
other marine life and debris were deposited on
the sea floor, forming porous limestones. Poros-
ity within tha limestonss was anhanced ovar suc-
ceeding #ons by tha gradual transformation of
limasicne 1o dolomite, which resulled in good res-
ervoir rocks to hald the oll.
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Figure 26b. Generalized stratigraphic column for south Florida, Upper Jurassic to Lower Creta-
ceous. Oil production s from the upper 100 fest of the Sunniland Formation (after Lioyd, 1993}
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Table 1. Florida oil field discovery well data (Tootle 1952, in Lioyd 1993).

DeRCOVERY DATE FELD COUNTY AFPROL MAME OF O FRODUCTION

DEFTH FROCUC NG THAEOWGH 1991,

IBEL O PORELA TN X1.000 BARRFLS

SURFALE
Ty Surmikang Canliey LLE = Senriandg R
AR AD-Lle Bera Daslw 11,557 Surwilarsd k=
72284 Sunces Falda Hardy 11,485 Surwilare 11,584
& 2-60 ‘West Falda Hmrdny 11678 Sunciland 41 528
2.30-09 Lake Trafloed Culliar 11,987 Bunniland e
g-18-70 dny Sarva fasa 15,384 Burdland ara.ora
121871 . Carmreal Garva Rosa 15309 Omackover & 4,708
L=

B14-73 Blackjack ik Haria Aosa 16238 Gminckoet 55508
12802 Basar |siand Colber 1187 Giuaruril mrvd 10 @0
IETE . Gorrimcls (LSS I 11,854 Burnland -
504 Letugh Fats s 11 E50 o R EITe
&2.TT SaTTte I I Lardn Rova 4B i 4
BA1.T7 Baxwr mharct Cocsli 1nEn Serwdarsd B
131377 M Feda bharctey 11 G Ferrd 1565
L3Ry | Rz Fosng Cooilige T Earrardd L w7
EIaTE Soroar HarToc Collgr T frvdard o
=TT A Tosrsend Carsi iy LT~ Berrdrd a2
L3 =) Sul Forgn Frcamta AT S e 43
IR - ] Coriasse Coilagr 11565 Ty larul E=
Far s McL o ‘Lanea R 14 475 e o 41
-8R Cobdwaier Crees Santa Rosa 15,400 Smachove i
8- 14-88 MeDlauil Escambia 18800 Siruc ke 150
TOTAL E26.517

Tha porous limestones and dolomites grade lat-  Sunniland oll. The Sunniland Formation, thera-
arally Inle non-porous, chalky lime mudsiones. fore, appears to include its own oll source rocks
Thesa dense limeslones form a barrler (o oll mi- and some of ils own seals. Additional seals are
gration, thus trapping the cil In ihe more porous provided by the evaporites ol 1he ovarlying Lake
rocks. Research indicates that the dense mud- Traftord Formation,

stones are probably the source rocks for the
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Figure 27a North Florida oil field location map (after Lioyd, 1953}

Production in the westemn panhandis Degan with
the discovery of Jay field in June 1970 (Figure
27a, and Table 1). Jay field is the Isrgest oil field
discovered in North America since the discovery
on the Alaskan North Slope of the glant Prudhoe
Bay field in 19688, Since then, an additional six ail
liglds have been discovered in the westem pan-
handie of Florida (Figure 27a). These fieids’ pay
rones g from about 14,500 1o 16,800 lest be-
low land surface and vary in thickness from about
5 o 250 feel

MNorth Florida has dominated Florida od produc-
tion since the discovery of Jay fieid. Nomh Florida
il fisids account for B3 percent of the stale’s cu-
mulative production through January 1988. Jay
field alone is responsible for 71 percent of the
slate's cumulative production.

Jay field Is located within the “Jay trand” of
Escambia and Santa Rosa counties in Florida,
and Escambla County, Alabama. The Jay trend

fislds produce o from Jurassic-age Smackover
Formation carbonates and Norphiet Sandsione
sands. in Florida, the Jay trend fields Include Jay,
Mi. Carmal, Coldwaler Creek, and Blackjack
Creak. The Jay frend fields in Florida and Ala-
bama are associaled with a normal fault complex
which rims the Gulf Coast and Is belleved 1o ex-
tend 1o the south-southwest into the Gulf of
Maxico.

Tha other panhandie ol fisids are Biuff Springs,
Mol sfan, Sweetwater Creeh. and McDawvid Biuff
Springs fisdd probably formed s the resull of 2
struciure formed by movemsnl of the underhying
Logann Sal (Figure 27b). Melesllan and
Sweatwater Creek are probably associated with
small sall structures or with the stratigraphic
pinchout of the Smackover Formation.

Production for all of the panhandle oll fields, ex-
cept M. Carmel, is from Jurassic-age Smackover
dolamites and limestonas. M. Carmal fisld
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Figure 27b. Generalized stratigraphlc eolumn for north Florida, Middle Jurasslc to Lower Creta-
ceous. Ol productlon is from intervals In the Smackover Formation and the Morphlet Sandstone,

(after Lioyd, 1993).
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Figure 28. Graph ol historical trend of oil and gas productlon from Floride flelds, 1543 to 1991

(Lioyd, 1883).

produces from both the Smackover and the un-
derlying Jurassic-age Norphlet Sandstone (Fig-
ure 270}, Although & mixture of carbonates and
clastics can ba found within the Smackower, in
the western panhandle producing area, it is al-
miost purely a sequence of dolomites and lime-
stones. The underying Nomphlet Sandstone is
primarily an arkosic sandstone. The Marphlet is
underain by the Louann Salt. The Smackover
Formation is overlain by the Buckner Member
of the Haynesvilla Formation. The Buckner is
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composed primarily of anhydrite, and other
avaporites, and forms the seal to some of the
Smackower producing zones.

Figura 28 shows the historical trend of ol and
gas production from Florida flelds. The ball-
shapes of the curves indicate that production of
both commodities peaked about 1973, and it has
baen declining sharply sinca. This rand will con-
tinue urdess significant discoveries are mada in
the fulure.
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Porcaty and permeatiiy a8 shows by Tws suampies of well
waried gravuler maiecisl soch s sand CAT B poroul B0 per-
meabie with Camar, open KId iMHerTonrected voide. ellowing we-
e 10 move treely. The porous sand in “B° i imper mesbe 1o we-
et Flow due 1o retarding effect of fine muerial in podes, such e
clay (Lane, 19868).

Kenneth M. Campbell PG 182
and
Ed Lane PG 141

The continuous movement of water in all its
phases on the Earth's surface is called the hy-

quantity of water which runs off into lakes, streams
and rivers. Conversely, shallow slopes, perme-
able surficial and near-surface maternals and veg-
etative cover increase the quantity of water which
infiltrates inlo the surficial material. Some of the
precipitation returns to the atmosphere because
of evaporation from land and open bodies of wa-
ter, such as lakes and streams, and by transpi-
ratlon of planis. Some of the water which infil-
trates into the ground flows to lower levels info
streams and lakes. Some of the ground waler
racharges the regional aquifer systam. Dapend-
ing on local geclogic conditions and the relalive
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levels of the water, water in lakes and sireams
may eithar recharge the aquiter or the aquifer may
discharga into the lakes and sireams as springs.
Eventually the water s returnad o the ocean.

The majority of the polable water used in Florida
s obtaingd from subsurface rock units called agui-
fers (Figure 30). An aquifer must ba both porous
and permeabls (iLe., contain interconnected
pores), 50 thal waler may mowe Ireely within i

The Cenoroic sediments in Flonda form the sev-
eral ground-water aguifer systems thal provide
the vast magonty of e state’s waler supples. The
Paleogene carbonale rocks, for the most part,
make up the Flondan aguier Sysiem, wiech 5 ong
of the worid's mos! productve aguilers. A van-

by low permeability rocks comprise the Flondan
aguiter system. The base of the aguiler occurs
whene the evaporie minerals fill the pores in the
Paleocens 1o Early Eocens rocks. The aarly Neo-
gene siliciclastic sediments form the iop of tha
aguifer system by providing a relativaly imparme-
gble cap. Whera thase sedimenis are presant,
fhe Floridan aquifer system |8 under confined
conditions and acls as an ariesian aguifar, In ar-
eas where the overlying confining beds are ab-
sent, the system is unconfined.
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In southern Florida, an extremely permeable and
porous zone occurs in the lower part of the
Floridan aquifer system. This zone, refermed fo
as the "Boulder Zone," is thought to be the resull
of dissolution of the carbonate rocks by ground
water. Cavilies formed by the dissclution are in-
terconnected allowing vast amounts of water to
flow easily through this zone. The term “Boulder
Zone" arises from the drilling characteristics of
this unit. When drilling operations encountar this
zone, pieces of rock ("boulders”) break from the
calling of the cavitles, fall to the cavities' floors
and, when tha drll bit encountars them on the
bottom, cause the bit to bounce around, Imped-
ing drilling. This zone contalng highly saline wa-
ter and is often used for the subsurface disposal
of waste water.

The intermediate aquifer system or intermediate
confining wnit, where they occur, lle above and
are separated from the Floridan agquifer system
by bads having lower permeability, such as clay,
which relard the exchange of water batween the
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two units. Often the intermadiate aquifer system
consists of interbedded carbonate and clastic
rocks, some of which are parmeable enough to
provide water o wells. Water within this system
is under confined conditions, Tha base of the
intermediate aquifer system {or intermediate con-
fining unit) Is the same as the top of the Floridan
aqulfer system (Flgure 30).

The surflclal aguifer system Is at or near land
surface and is generally composed of loose sadi-
ments, such as sand or gravel. The surficial agqul-
fer system containg the water table, and water
Is generally unconfined.

Polable water sources are a vitally imperiant natu-
ral regscurce and are extremaly vulnerable to pol-
lution due to the shallow and unconfined nature
of many of the aguifers in the state. Even the
confined agquifers at deeper depths are vulner-
able due io recharge from point source situations,
such as poorly constructed walls and from sink-
helés which breach ¢confining layers,
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CHAPTER 7

GEOLOGIC HAZARDS

ED LAME PG 141
and
KENMETH M. CAMPBELL PG 1582

KARST TERRAIN

Much of Florida is karst terrain. Karst terrain is
the generic term for landforms that have been
shaped by dissolution of the underying carbon-
ate rocks. Karst terrains have drainage systems
distinctly different from the usual surface drain-
age systems that have connected streams, riv-
ers, and lakes. Karst drainage is characterized
by sinkholes, springs. caves, disappearing
streams, and underground drainage channels,
The genesis of karst involves the development of
underground drainage systems. Karst processes
tend fo be secretive and imperceptible because
mast development occurs underground over lang
pericds of time. The results of these persistent
processes will be manifested, sooner or later, in
the subsidence of suricial sediments to form
swales, the formation of a new sinkhale, a sud-
den Influx of muddy water in a water-well after a
heavy rain or some other karst phenomenaon that
may disturb or disrupt man's activities. Figures
J1a te 31d ilustrate the evolution of karst terrain,
as described below.

Chemical weathering Is the predominant erosive
process that forms karst terrain. Chemical weath-
ering of limestone removes rock-mass through
solution activity. As rain falls through the atmo-
sphere, some carbon dioxide and nitrogen gases
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Pl e I 5 s Fy I
Sinkholes become a gealoglc hazard when they dam-
age man‘s stroctures. FGS photograph.

dissolve in it, forming a weak acidic solution.
When the water comes Into contact with decay-
ing crganic matter in the scil, It becomes more
acidic. Upon contact with limestone, a chemical
reaction takes place that dissolves some of the
rock. All rocks and minerals are soluble in water
to some extent, but limestone is especially sus-
ceplible 1o dissoclution by acidic water. Lime-
slones, by nature, tend to be fractured, jointed,
laminated, and have units of differing texture, all
characlaristics which, from tha standpoini of per-
colating ground walter, are polential zones of
weakness. Thesa zones of weakness in the lima-
sione are avenues of altack that, given time, the
acldic waters will enlarge and extend. Given geo-
logic time, conduits will permeate the rock that
allow water to flow relatively unimpeded for long
distances.

During tha chemical process of dissolving the
limasione, the water takes inta solution some of
the minerals. The water containing the dissolved
mineraks maves 1o some paint of discharge, which
may be a spring, a siream bed, the ocean, or a
wall.

Aemoval of the rock, with the continuing forma-
tion or enlargement of cavities, can ultimately lead
to the collapse of overlying rocks or sedimants,
somelimes ravealing the cavity in the rock. More
often, though, debris or water covers the entrance
o subterranean drainage. Partial subsidence of
the overburden into cavilies will form swales at
the surface, producing undulating topography. By
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Figure 31a. Relatively young karst landscape showing underlying limestone beds and sandy over-
burden with normal, integrated surface drainage. Some solution features are just baginning to
develop in the limestone (Lane, 1986b).

HE 1 Euz

\6, Falling rain absorbs gases to become weakly acidic.

SWALE

Parcolating ground water infiltrates
limastone, dissalving some and
carrying it away In solution,

infiltrating
acidic§ground water

GPRINGS
fimastone with jolnts,

1 fractures, bedding planes
-q_'r_?-_-\:- N— — -

'l—l—I

Figure 31b. Detall of Figure 31a showing early stages of karst formation. Limestone is relatively
competent and uneroded. Chemical weathering is just beginning, with little internal circulation of

water through the limestone. Swales, forming incipient sinkholes, act to concentrate recharge (Lane,
1886b).
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ariginal land surface lowaerad HUMMOCKY TERRAIN

EWALLOW HOLE
idisappearing stream)

MATURAL BRIDGE

=

SINKHOLE

RESURGENCE

\ SINKHOLE
SWALE

N e
2 iy

caverns developing

Figure 31c. Advanced karst landscape. Original surface has beaen lowered by solution and erosion.
Only major streams flow in surface channels and they may cease to flow In dry seasons. Soma
streams may disappear down swallow holes and resurge to the surface further downstream. Swales
and sinkholes capture most of the surface water and shunt it to the underground drainage system.
Cavernous ronas are well developed in the limestone (Lane, 1986b).

SWALE SINKHOLE

CAVE and SPRING
mxfansive

solution aclivity

in limastone

!‘r : B : o

CAVERNOUS UNDERWATER SPRING { i ]

Figure 31d. Detaill of Figure 31c showing advanced stage of karst formation. Limestone has well
developed interconnected passages that form an underground drainage system, which capiures
much or all of prior surface drainage. Overburden has collapsed into cavities forming swales or
ginkholes. Caves may form. Land surface has been lowered due to loss of sand into the limestona’s
volds. Wakulla Spring, Silver Springs, and Rainbow Springs are just three examples of cavernous
underwater springs that occur In Florida (Lane, 1986b).
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this slow, parsistent process of dissolution of lime-

slone and subdaguant collapss of overburden, thae
land & worn down to form a karst terrain.

Al some point in this process of dissolution of
underground rocks, a nommal surface drainage
wysiam will bagin to be transformed inlo & dry oF
SRADDEANNG Fream rysiem. Continung disso-
o of the bmastone will create mone Pwales
and sinkholss, which will givert more of the sur-
face water into the underground drainage. Even-
tually, all of the surface dreinage may be dhvered
underground, leaving dry siream channsls That
fiow only during fioods, or dsappeanng strelms
that fhiow down swaliow holes (sinkholes i slream
beds) and reappear at distant points 10 flow as
springs or resurgent sireams.

inharen! in the formation of karsi lerrain is the
lowating of land surface on a regional scale, In
contrast to the very localized lowaring at a sink-
hole, Reglonal lowering of the land surface
takes place through the cumulative effects of
thousands of Individual, localized events and
through the continual remaval of carbonate rock
by dissolution,

FLOODING

Flood prone areas in Florida are associated pri-
manly with aither low-lying coastal areas or with
inland rivers and lakes Coastal areas, including
thee barmiar istands and estuanng ansas which Bre
30 highly developed in Florida are subject o flood-
ing Severe flooding probiems can resull from the
slorm surpe developed s humcanes or “noMh-
sasiers” approach the shoreling. Sorm surpl &
crealed as water i pushed ahsad of The S10rm
and piled up against the shoreling. Normal tSdal
acton s added 1o the siorm surge, which Can
produce waves several feet above normal.

Awny from the coastiine, flooding is associated
with river and stream foodplaing, lnke marging,
low-lying, and poory drained areas such as the
E . Tha majority of stream oF rhver-né-
lated flooding problems can be avolded by sim-
ply not building on floodplains. Heavy ralnfail
events in flal lying, poorly-drained areas can re-
sult In fiooding because the water drains off at
such a slow rate. Extensive areas ol Flarida have
boeen subjected to major drainage enhancing
projects. Typically these projects include rivar

channelization, drainage dilching and storm

water impoundmaents. Thess projects often pro-
vide fiood relisf but the environmant may suffer.

The presence of unstabls or DIASHC QECOgIC
matenisls in the near-surtace can create founda-
tion problems in construction projects. Organic
materais such as psat of muck deposits, do not
have the strength 10 suppon structures. Some
clays shrink and swell upon drying or wetting,
which can stress buildings’ foundations 1o the
point of failure. These materials must generally
be removed or addressed in the design of road-
bads or foundations.

Figures 32 and 33 show a landslide that fiowed
into a nearby stream channel. Heavy local rains
weakened and lubricaled the unconsclidated
sediments of the hillside causing swdden failure,

EARTHQUAKES

Histarically, Florida has had vary little sarthquake
activity since the sarliest recorded tremaor, re-
ported to have been felt at 51, Augustine on Oc-
taber 29, 1727, Sinca than, about 30 tremors have
been reported throughout Florida (Table 2). The

tramors thal have been felt over the
widest arsas of the state were associated with
iha great sarthquake of August 31, 1BBE, n
Chareston, South Carclina, about 180 miles
nomthexst of Jacksonvillea. Tremors from this
earthquake were falt all over north Florida:
church bells rang in St Augustine, severe
shocks were felt along the east coast, and trem-
ors were fell in Tampa. Jacksonwille fell morg
sitershocis trom thal quake Junng September
and Novemnber 1886.

Two geciogical events causs sarmhguakes: active
faults and volcamc eruptions. Flonda has no vol-
canoes and no documented active faults, so thare
is very little chance of an sarthquakse originating
in the stale. Probably all of the approximately 30
historical tremors reporied were the result of
esarthquakes thal ocourred oulside Florida. In
addition to the historically active fault near
Charleston, South Carolina, the Caribbean area
Is also seismically active, and saveral "quakes™
fall in Florida appear o be the resull of tremors
naar soma of the islands.
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Figure 32. Aerial photograph of the Pitt landslide, April 2, 1848, in Gadsden County (T3N, RSW, sec
A2dc). Photograph by Tallahassee Alrcraft Corporation (Rupert; 1930).

Figure 33. Photograph looking southwest at the scarp of the Pitt landslide. Nole people st upper
right. Photograph by R. 0. Vernon, April 5, 1948 (Rupert, 1980).

&1



FLORIDA GEOLOGICAL SURVEY

Thare has been recent evidence that some very
localized rumblings of “earth tremors” are, in fact,
caused by coid air masses associated with fron-
tal weather systems that have high altitude winas
from the southreesl Some of these weather Sys-
t8Ms @re known 1o have layers of air which have
been stratified due to temperature dferences,
creating, in effect unneis” of air of differing den-
sities. In addition, there is circumstantial evidence
that sonic booms from military airplanes flying
gver the Gull of Mexico could be “locused
enshore” through such temperature-stratified
layers of air.

Florida is classified as & stable geclogical area.
This means that, with respect to probable dam-
age from the largest expected distant earthquake.
SOME Sreas may expenence fremors, with only
minor damage, such & broken windows Of Jlass-
warg Severs waainer events, 3uch 33 hurmicanes
and tornadoes, pose tramendously greater
threats 1o Flonda than oo earthguakes.

The severity of an eanhguake is expressed Dy
two different mathods: the Richier Scale and the
Modgified Mercalll irfensity Scale. The magnitude
of an earthquake—axpressed by the Richier
Scale—is related 10 the amount ol seismic en-
ergy released by the sarthquake, The Richier
Scale is based on the ampliiude of earthquake
waves recorded by salsmometers. Richter values
are givan as whole numbars and decimals, such
a8 5.1 or 7.2, with larger earihquakes assigned
larger numbers. The Richter Scale is not used o
assess damage; the Modified Marcall intensity
Scale was devised 10 do this.

The ntensty of an sarthquake—expressed Dy the
Mocfied Mercal intensity Scale (usuallty written
a3 MMi—i based or observed effects of ground
shaking on peopie, buiidings. and natural fea-
tures. Values of MM range from MM | to MM XJ1.
M | is defined as: nof fell axcep! by a very few
people under especially favorable conditions. A
mid-range vaius of MM VI is: damage slight, felf
by all, many frightened; some heavy furmniure
moved, & few instances of fallen plaster. A value
of MM Xl represents calastrophic destruction,
and is delined as: damage lotal; obfects thrown
into the air; lines of sight and level are distorted.
White the MM scale is an arbitrary ranking based
on personal observations, it does provide a maan-
ingtul measure of severity 1o & non-scientisl, ba-
cause it refers to affects actually experienced.

The anergy réeased by an sarthgqulilis [TAVEs as
sammic waves through the sanh and along the
surface. Seismic waves ol enargy passing
frough rock sirala cause ANSMAte SXDRETIESn
and compression of the rocks. One result of this
i thal the seismic waves can cause the waler
hevel 1o fuctuate in & cased well, and a water level
recorder installed on the well can, under special
conditions, act as a crude seismograph. As tha
waler lovel changes a record is preserved of the
earthgquake, as on a real seismogram, The Florida
Geologlcal Survey has an Instrumanted obser-
vation water well which is sensltive to some of
the larger earthquakes. it has recorded several
of the world's major sarthquakes (Figures 34 and
35). Figure 36 shows the effect the great 1564
Algskan sanhquaks had on ancther instrumented
observation well that was located north of Lake

sarthquake shock

normal water level trace

Figure 34. The Colombian

ol December 12, 1979, Richier magnitude T 9, killed at least

500 pecple. N caused the water level in the Florida Geological Survey’s cbservation wedll 1o fluctuate

10.8 inches (Lane, 1891).
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Figure 35. A magnitude 7.7 quake hit the central part of the main Philippine Island of Luzon, north of
Manila, on July 18, 1880. It causad about 1.8 inches of water level changs In the Florida Geological
Survey's observation well. This s the first known earthquake recorded by this well that occurred
such a great distance from Florida, soma 13,000 miles across the Pacific Ocean. This demonstrates
the awesoma amounts of energy releassd by major sarthquakes. After traveling half-way around
the world, this quake’s selsmic waves still had enough energy to cause nearly two inches of water
level fluctuation in the Floridan aquiler system (Lane, 1891).

Table 2. A listing of known earthquakes and “tremors” falt in Florida, from 1727 through 1991,
with astimated epicenters and intensities. Compiled from Campbell (1943) and accounts from
local newspapers.,

October 28, 1727: Unofficial sources rapored a severs quake, of intensity MM VI [(Modifled Mercalli
V1), in St. Augustine, but the original record has not been located. New England had a severe shock
about 10:40 a.m. on this date, and a quake was reported on the island of Madinigue, in the Caribbaan,
on the same day.

February &, 1780: Pensacola fell a tremor described as “mild.”

May 8, 1781: Pensacola suffered a “severe” tremor that shook ammunition racks from barrack walls,
levelled houses, bul no fatalities.

February B, 1843: Eartthquake in West Indies, felt in United States, intensity unknown.

January 12, 1879: Earthquake felt through north and central Fierida bounded by a line drawn from Fort
Myers to Daytona on the south, to a line drawn from Tallahassee to Savannah, Georgia, on the north,
an area of about 25,000 square miles. Intansity MM V| near Gainesville.

January 22-23, 1880: Earthguake in Cuba of intensity MM VI, about 120 miles east of Havana. It was
also falt in Florida.

January 27, 1BBD: Several shocks of intensity MM VI to MM VIl were falt in Key West resulting from a
disastrous earthguake atl Vuella Abajo, about 80 miles west of Havana, Cuba,

August 31, 1886: The greal earthquake in Charleston, South Caraolina, MM X, This quake was falt all
over north Florida, with an estimated intensity of MM V - MM V1. Church bells rang in S1. Augustine, and
savera shocks were felt along the east coast. Quake effects were felt in Tampa.

September 1-8, 1886: Jacksonville lelt more aflershocks of intensity about MM IV fram the Charlaston
quaks,
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November 5, 1886: Jacksonville felt another aitershock Irom the Charleston quake.

June 20, 1833: Jacksonville felt a tremor at 10:07 p.m. of estimated intensity MM IV,

Cictober 31, 1800: U.S. Coast & Geodetic Survey racordad a local shock of MM V at Jacksonville.
dJanuary 23, 1803; Shock of intensity MM VI falt at Savannah, and effects also felt in north Florida.
June 12, 1912: Strong shock of unknown Intensity felt at Savannah; also felt in Florida.

June 20, 1912: Shock of intensity MM V felt at Savannah; probably associated with the above quake of
June 12. It was also felt |n north Florida.,

1830: (Exact date unknown) An earth tremor was felt over a wide area in central Florida near LaBelle,
Fort Myers and Marco Island. Thought to be from an earthguake, but soma persons beliaved it was
tremendous explosions, though no explosions were known to have been detonated. Estimated inten-
sity at Marco Istand was MM W,

Movember 13, 1935: Two short tremors wera falt at Palatka in the early morning. The second shock

was felt at St. Augustine and on nearby Anastasia lsland, Estimated Intensity at Palatka was MM |V or
M W

January 19, 1942: Several shocks felt on south coast of Florida, with some shocks lelt near Lake
Okeechobee and In the Fort Myers area. Estimated intensity was about MM IV,

January 5, 1845: About 10 a.m. windows shook violently in the DelLand courthouse, Volusia County.

December 22, 1945: Shock felt In the Miam| Beach - Hollywood area at 11:25 a.m. Intensity was MM |
o BAM 101,

November B, 1848: A sudden jar, accompanied by sounds like distant explosions, rattled doors and
windows on Captiva Island, west of Fort Myars.

November 18, 1952: Windows and doors were rallled by a slight tremor at Quincy, about 20 miles
northwest of Tallahassee.

March 26, 1953: Two shocks estimated as MM 1V were felt in the Orlando area.

October 27, 1973: Shock fell in central east coastal area of Seminole, Volusia, Orange and Brevard
counties, at 1:21 a.m., maximum intensity MM V,

December 4, 1975: Shock felt in Daytona and Orlando areas at 6:57 a.m., maximum intensity MM IV,
January 13, 1978 Two shocks reporled by residents in eastern part of Polk County, south of Haines
City. Tremors were aboul one minule apart and each lasted about 15 seccnds, shaking doors and
rattling windows. The tremars occurred between 4:10 and 4:20 p.m. Mo injuries or damage were re-
poriad.

November 13, 1978: Tremor fell in parts of northwest Fiorlda, near Lake City. Seismic station at Americus,
Georgia, astimated it originated in the Atlantic Ocean.

1878 through January 1981: Ko fremors reported by Gainesville seismographic station,
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Figure 36. The Good Friday earthquake that struck Alaska on March 27, 1964, registered 8.4 on the
Richler scale, and was the largest instrumentally recorded earthquake ever to strike the North
American continent. It caused this water lavel recorder's pen to go off-scale, In both directions, a
water lavel fluctuation of over 10 feet in the wall. The major shock and the aftershocks caused tha
water level to fluctuate for more than two hours. This record is from a maonltor well located north of
Lake Butler, Union County, Florida (Lane, 1991).
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GLOBAL WARMING AND SEA LEVEL RISE

The shoreline is a dynamic system. Sand Is con-
stantly being moved around by wind and waves.
Shorelines, islands, spits. bars, and dunes
change shape, move, grow or diminish in size or
even disappear as par of the dynamic natural

Adjustment of the system lo changing natural
conditions. in the form ol erosion and deposition,
does not have a good or bad connotation unti
man DisCes structutes and tmed property kines
along the shorefine. Florida has aimos! 9,000
miles of detailed tidal shoreline, exposed 1o ei-
ther tha Atlantic Ocean or the Guif of Mexico. The
majority of this shoreline is eroding or stable; only
a small portion Is growing.

Large portions of the Flonga coastine are devel-
oped Development ranges from weexend cab-
ins 0 ocean-front cities such as Miami Them is
intense pressure Irom property cwners and city
officials to protect property. Unfortunataly,
protection of improperly placed structures is
expensive, lemporary and all 100 aften only ac-
complished al the expense of the beach system.

Devices such as sea wa's and groins may pro-
tect structures. but do s0 at the expensa of the
beach. They also typically multiply as adjacent
property ownars undertake similar projects 1o
protect thelr property, Beach renourishment is an
expensive, temporary solution, but it has the ad-
vantage of nol increasing erosion if the sand
sources are located properly, and it praserves the
beach both as a recreational area and as a source
of sand lor the transport system.

Evidence Is accumulating that Indicates a trend
of global climatic warming, which may be the pre-
lude 10 sea leve! rise mlong most of the world's
coast ines. The geological record, from the Pre-
Cambrian to the present, shows that the Earth's
chmate nas undergone many fluctuations from
warmer-io-colder-lo-warmer. Some of the wam-
1o-cold climate changes created extensive gia-
clations accompanied by drops in sea level, as
greal quantities of water were removed from tha
world's oceans. A return 1o warmer climates
melted the glaciers. replenishing the ocesns, and
cauvsed sea level 1o rige.

The present warming may be another of Earth's
natural climatic oscillations. Considerable evi-
dence, howsver, suggesis thal human activities
and industrial poliutants are changing the com-
posiion of the Eanh's atmosphers, thersby ac-
CeSratng or triggening the warming The macha-
nism thought 1o be responsible for this warming
is the greenhouse effect. The greenhousa eifect
is caused by small amounts of carbon dioxida,
methane, and several cther trace gases in the
atmosphere. These gases absorb the sun's radi-
Mhiﬂﬂhlhhmm
the temperature. as in a greenhouse. Increasing
amounis of these gases are being njected into
the atmosphere, rasing s tempemature.

Because Florida has such an extended coastiine,
and since so many major population centers are
near the coasl, any rise in sea level poses a
threal. Figure 37 shows the changes in Figrida #
s2a level rose 15 and 25 feet above present level
Great changes would occur in south Flonda, ex-
tending north of Lake Oksechobes. As sea level
gradually rises. the nigher ridges will becoma is-
lands, and the Keys, the Evarglades, and Big
Cypress Swamp regions will be under a shallow
sea. The Atlantic and Gulf coastliines will invade
many miles inkand, creating successive sinngs of
bammisr islands, such as now exis! along the
present coasts. The mouths. of rivers will retreat
miles inland, shaliow bays and estuar-
ies. With a risa of 25 feet in sea lavel some of
these new bays will nearfy cut the panhandie inlo
several sagments. Figure 18 shows the effects
of a 150-lee! rise in sea level, which occurred dur-
ing the Plesiocens.
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Coastal changes around Florida if sea level should rise

- Unde: water after 15-lael rise in pea lewe

- Unger water after ZS-fast rise in sea level
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Figure 37. Coastal changes arcund Florida if sea level should rise 15 and 25 fest above present.
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CHAPTER &

WASTE DISPOSAL

Kennath M. Campbell PG 1582

Waste disposal in Florida falls mainly info two
categaories; landlills and deep well injection. The
vasl majority of domestic and municipal waste
generated in Florida is disposed of in landfilis.
The primary environmental consideration in sit-
ing landfills is isolation of the landlill Irom adja-
cent aguifers and surface watars. Several dac-
ades ago, early landlilling praclices left much 1o
ba desired, in terms of adequale protection of
water resources (Figura 38). Some of the rain that
falls on a landfill site percolates through the saoll
cover, leaching contaminants from the wasie
which then may pollute adjacent water resources.
Modern landfills mow often wse impermeable

Dralnegs wall In bottom of sinkholes carries storm water di-
racily io sguifer (Lane and Hoanatine, 1581).

liners and drainage sysiems to Inlercept leachate
lor subsaquent treaatment (Figures 39 and 40),
Ideally, landfill sites should be placed where the
aquifers are protected by natural impermeable
confining beds and away from areas which re-
charge the aguifers. Recycling and Incineration
will probably account for signiticant quantities of
solid waste disposal in the future.

Deap wall injection |8 used 1o dispose of indus-
frial waste water and treated water from sewage
treatmant plants at selected sites throughout the
state. These materials are injected into saline
ground water at depths below the base of the
potable aguifers and in rock units that are sepa-
rated from the aquifers by thick conlining bads.

-_‘f'- = kI

Figure 38, The old way of garbage and frash disposal: unsagregated refuse dumped In an unlined
pit, compacted, coverad with a few inches of dirt, and forgotten. Photograph by Ed Lane, 1968.
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Figure 38. A new cell baing prepared at the Marion County landfill, showing plastic liner on left and
rear walls. The liner has bean coverad with sand on the other two walls for protection. Note the six
leachate collection pipes on the left wall and the 30,000-gallon leachate holding tank in the left
background (from Lane and Hoenstine, 1991).
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Figure 40. Generalized cross section of new cell at the Marlon County landiill {frem Lane and
Hoenstine, 1981).
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ENVIRONMENTAL GEOLOGY
AND FLORIDA'S FUTURE

Ed Lane PG 141

Geology documents the pasi,
manitors the present,
and predicts the fulure.

The truth of thal siatemaent |s attested to by the
praceding text, which has covered pasl, prasant,
and some future aspects of Florida's geological
history. Knowladge ol Florida's geological hislory
has a great deal ol partinence in land use plan-
hing, resource management, and consenvation
practices. Crucial 1o the decision-making pro-
cesses in these maflers 5 nowiedge about min-
eral and water resources, landioms, peological
harards and wasts deaposal l-advised choces
about ary of these malers can have dire, and
usually long-term corgeguences for citizrens ol &
ration, state, region, or city.

Florida's environmant and geology ane intimabely
related. The state's rocks and minerals have,
ihrough the processes of weathering, erosion and
deposition, formad the solls and landforma that
constiute the present anvironmant which sup-
ports the planis and animals that inhabli Florida.

An understanding of Florida's environmen! has
become a mapor focal point of public policy. in
part, this interest and concemn has developed
through ncreased public awaranets of the fragd-
By and mportance of the snvironment, B rela-
Bonghip 10 the stale's sconomry, and itz sfect on

Responaibls use of Floride's netursl resowoess requines
BoCiEty o comint withou! herhul srplofiston These Seach
hireses vk desiructon becerse Fery s bl oo far ool
B whorn. Photograph by Ed Lars.

tha quality of e and haalth. Also, Flonda's phe-
nomendl population growth, &5 many &5 200 new
residents sach day, is projected to make it the
country’s third most populous state by the year
2000. Such rapid growth places unusual stresses
on the envirenmant due to the demands of en-
argy, construction, iransporiation, walar supplies,
and wasla disposal,

Florida's anvironmant is directly influenced by its
surface and near-suriace geology, which can ba
characterized &8 a relatively thin, surficial veneer
of sand, sill, and clayey sand overlying exten-
srve imestone and sand and gravel aguifer sys-
tems. Kars! phenomena, ubsquitous throughoul
Florida, are mbmately related 1o local geology and
water ressurces. Karstfication provides aacy, and
rapid, access 1o an squifer by rainwaler and any
entraingd contaminants.

Urbanization increasas the types and amounts of
contaminants 1o an aquifer. Pavemanis and roofs
concantrale runol so that the natural filkering
action of soll is bypassed. Additional potential
threals (o ground-water quality due 1o urbaniza-
tion include iImproparly installed septlc lanks and
drain fields, leaking petroleum storage tanks,
drainage walls, and improper landlilling praciices.
A knowiledge of local and regional geology is es-
gential in planning for emvironmential safeguards
whilé wisély managing. devaloping, and COnsany-
ing Flonda's natural rEsOURCEs.
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GLOSSARY OF SELECTED GEOLOGICAL TERMS

aquifer - & Tona Delow the Earth’s surface capabie of producing water in useful quantities, as from
n wall.

basalt - & dark-colored, fine-grained ignecus rock formed from molten rock that fliowed ono the
surface of the Earth.

basement rocks or basement - refers 1o very deep, ancient rocks that underls e continerts and
OCBans.

basin - & large area that sank faster Than surrounding arsas during geoloQic ime and in wikch &
greater thickness of sedimants was depositad.

brachiopods - maring invertebrate animals in which the soft parts are enciosed by two shelis,
calied valves.

bryozoa - tiny maring animals thal build oolonies with thair calcareous shells.
calcarecus - containing or primarily made of the mineral calcite (calcium carbonate, CaCO,).

confined squifer - a zone of subsuriace water-bearing rocks that contain water under pressure dua
lo zones above and below it having low permeability, which restrict the flow of water into and
out of it. Also called an arlasian aguifar.

coral - finy, botlom-dwealling, marine animals thal secrete axternal skaletons of calcium carbonate
{calcite). The colonies they create with their skeletons can make enormous reel-complexas,
such as the Florida Keys, the Australian Greaat Barrer Resa! and many coral islands in the
Pacific Ocean.

crinoids - & marine animal consisting of a cup or “head” containing the vital organs, numercus radiat-
ing arms, an slongata, pented stem, and & root-like attachmant o he s8a bofiom while the
body, siem and arms fMoat

era - a large division of geclogic time consisting of two or more peclogic periods.

eroslon - Ihe natural processes of weathenng. osntegration, dmsohing, and removal and rans-
portation of rock and earth malenal, mEnly Dy waler and wind, as well a3 by ice.

exollc termain - a temain that has undergone significant motion or travel weth respect to The siabie
conlineni 1o which & i accreted. Fionda coukd be considerad an exofic lemmain with respect
io the North Amencan contineni, sincd i B thought 1o have once besn part of northwesi-
ern Africa.

faull - a break in the Eanh's rocks along which there has been displacement of the rocks. Displace-
ment may vary from inches 1o miles.

flocdplain - land next to a river thal is flocded during high-watar fiow,
foraminifera - tiny, one-celled, mostly maring animaks which secrale shalls of caleium carbonate or

build them of camented sand grains, They occur in such quantities that their fossil shalls
compose almost all of cortain Imastons rocks in Florida and olher places In the world,
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fossil - remains or traces of prehisloric animals or plants. Tha most common types consist of bones,
carbon fiims, petrified wood, shells, molds, or casis.

granita - a light-colored, coarse-grained igneous rock formed from magma that cooled below Earth's
surface.

groin - a shore-protection structure that projects away from shore, usually made of rocks, wood pilings
or sheet matal,

karst - a type of terrain characterized by sinkholes, caves, disappearing streams, springs, rolling
topography and underground drainage systems. Such terrain Is created by ground waler dis-
solving limestona.

lava - molten rock that llows onto the surtace from & volcano or fissure.

magma - molten rock generated within the Earth.

marine - refars to sea watear, to sediments deposiled in sea waler, or o animals that live In the sea, as
opposed o fresh water.

mollusks - inverdabrate animals, including a variely ol marine, fresh-waler and terrestrial snalls; clams,
oysters, mussels, scallops; squids, octopuses, pearly nautilus, as well as the many axtinct
variaties.

paleontology - the science that deals with the life of past geological ages, based on the study of
fossils.

period - one unit of gaologic time into which earth history is divided. A period is a subdivision of an era.
permaability - tha measura ol a porous material’s ability to allow fluids to pass through its poras.
potable water - water of drinkable guality.

potentiometric surface - an imaginary surface defined by the level to which water inm an aguifer woukd
ris@ in @ wall due to the natural pressura in the rocks.

pracipitate - the process wharaby solids are lefl behind when liquids evaporata, For exampla, vast
deposits of sall wera created when ancienl seas evaporated.

rift or rifting - relers o the breaking apart of platas.
saline - salty; sea waler or waler nearly as salty.
sandstone - a type of rock made of sand grains cemeanied together.

gelsmic - partaining to earth vibrations or Io equipment or methods of creating earth vibrations, such
as earihgquakes or expioding dynamite.

shale - a rock made of clay paricles cemented together and which usually can be made o split into
thin slabs.

siliciclastle - peraining 1o clastic, noncarbonate rocks that are almost exclusively silicon-baaring.
gither as lorms of quartz or as silicates, Examples of Florida siliciclastics are loose quarz
sands, silis, or clays.
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sltstone - a rock made of sili-size particles cemeanted fogethar.

sinkhole - a funnel-shaped depression in the land surfaca that connects with a sublerranaan passage
created by solution. May also form by collapse of a cavern roof. Also called doline.

spreading center - a fissure separating plates, created when the plates move apart.

subduction - the geclogic process whereby one continantal plate slides undar another and Is gradu-
ally consumed In the Earth's interior.

suture - g ling or mark of splitting open or of joining together, such as where parts of two continental
masses collide and merga.

swale - a shallow depression in the land's surface which may be filled with water.

tectonic - partaining o the rock structures and axternal forms resulting from the deformaticn of the
earth's crust.

test - a hard covering or supporting structure of some invertebrate animals; a shell,

transpiration - part of the lite process of plants by which water vapor escapes from leaves and enters
the atmosphere.

unconformily - a surface of ercsion or non-deposition, usually the formar, thal separales younger
strata from clder rocks. It represents & missing span of tima from the rock record.

water table - the upper surface of the zone of saturation under unconfined conditions; water in the
rocks (s al almospheric pressura,
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