MAP SERIES 100

FLORIDA DEPARTMENT OF NATURAL RESOURCES
BUREAU OF GEOLOGY

WEST PALM BEACH

STOCK NO. V501XNG175%**(03

ARCADIA 16 MI. 20 MI.TO FLORIDA 70 20 MI. TO U.S. 441 50 OKEECHOBEE 24 MI. INDIARTOWN. 3 Ml e FLOR’DA57" s sou“;gs "
27=0%2'"00‘a_ B E “ - 49 i 81°00" 51 59 45 53 & 37 £.54 wR 39 E 56 R. 40 E 57 15’ R 41 E X 8 B R. 42 E R 43E 80 g(;)’-bm‘
By B =TT - ] 7 == S = 'iJONA ANIDICKINSO WHWHOBE SOUND NWR/
{asd Fiam HT [S30e N , oy ) b
. L AL s L \ I,
- Y Y%, L \ S
H ﬁ— Z R\ Juphg;r Islaid ~ ©
. \
< - F
g T T T T EALKEBEADY | | CDUNTE 1 E-'b
) 4 95 e F"’rk : ht
5298 Jower XN Vapi Tr\\rnf?f*' i 28
=] H ! 10 \
2 i Ridio & \ \
. \ 4
§ / ‘ & —
: | v o
3 / ‘ ‘jk/ '—T
[ 4 :
: / LAKE OKEECHOBEE
N £ 7
2
S
a
297
1 |
| £ i
I 4105 el } g i Labor Cepter
5. I e e Cuz:ItT {E:g{éﬁ l 2 f' .| verglages Newport Industries i
op® A7 | i 7 -
o,’l/’ 3% Light : n [ N ]
- o’ Kreamer Islan: 26
29 o on e Ly A = Sl s Kille. |
42 L Clewisfon[ BTG TR Petican ) (-] -
Clev:a tor) (age) | ‘ 2\ ‘\J’.-
T. 43 - | L .u"“ 4 T
Harlem ugar Ritta Island S gf 20
plant {:." 3 il
""""" P i;\;‘jaa‘* D ) oo i . :
i L 7 N + | My 4
B 28 E i » [Substation ; : ALy i T €57 - elle de I
! R ; Ocean Cap s 9
L, 8 BT ¢ S I b 19 rora— <t = - s -
i > *'*OUE‘ o g 1 Sugarc;Zpg\, aJ City N I (1] ; 7 7ot e T Fiying Cow' 2\ . 1 295,
T N 1 Ly o - ) ; BEE Ly PALM_BEAGH A FlBt- ((\EE: N 5
N i Q Tl i ‘ o 1T =15 iR e
© g 3 &g Pl ] =1 % RIE] ‘
g 25 00 D i Pl = I s = |
é z 4...0060 tg g = =T > 0 8
0 & 'Y D _;%" = ; x: i f ™
| st 28 i ] by
5 S35 8lz res—f : = \
H |3 City |
s =
g3
<
a
|
294 IL 294
|
T.45 S 1
irth
: T idge |
L Towe) 2 /
1 >
§ 307 43 30
=29 = e
Pl = = i T 203
0 -
: E =
<
3 Q
: (%
Fort Myer‘:
Beac 5
8 >
Estero Island % e ® -3 Q
1 o€ e
A )
29 Carlos Pt
2 Big Carlos Pass 2_ 292
\ <
4 T 47 S . ALk q
ig Hickory | b = e ek (
gu‘ S5 T X & |
Bonita Beach i § T §
o e o x
\ Jlmg:_f}i‘!l /
' | sigras ¥
| YL o 5
g fos S | Sl —{ #1
i \% o =
. Wrgrgmgs {J‘clte,s T=HC4.
| ] - a i
15 [— ; OMPANG;° | o7 ' <
B s I ] 7 ) EACH K 5 Pifehifot Viiage —115
L S 1 [ (
GULF X Cupvess||chde\Jednai ] % ' A A
29) e F X 4 2 /
| : 29()
| : o [
| /
1 ' R :
S
O% e G. % ‘ﬁb,.d,__
| M E O sLabES " : i /
| (ALLIGATOR AtllEY) 2 iltor{/Manors|
| Tl e - \
| fhea i -
289 || Q e T
| ) =€ k- 289
d > ; |
| i
i EBDA E
| g 5 A TZL
| =] 4 X A Al
i B 2 (D 05 i {
‘ HFt Laude oo0d
| ]l [ Eiatickin ]
| ! at Gt Cut = | Intergational |3 !
| G : . Yo %%Ti
| 1 - : 7 s S
= | | = oA dio tower ' g ot P
E |l \ "Y%v‘ D[R] i st (J;\k i
g : i ] ke s ! H
g | i ] g T 288
2| Voo |@ /
| e ital, i
o |Hospital, H— __\.M?% / \
y <4 3 320—Q . = | P‘. 4 Sout I‘i( /
26 03200 - ' @1 f NG AR O S—
0 4] r 58 , 59 80°00'
4()0000m.E a5 Ridlis o o RE 6()
. ROYAL PALM HAMMOCK 1 MI. PENNSUCO 9 MI. MIAMI 15 MI. MIAM! 1S MIi. MIAMI BEACH 16 MI.
® FINTERIOR—GEOLOGICAL SURVEY, RESTON. VIRGINIA—1974 |
' . GRID ZONE DESIGNATION: TO GIVE A STANDARD REFERENCE ON
Each area outlined on this map may 5 10 15 20 Statute Miles THIS SHEET TO NEAREST 1000 METERS
consist of more than one kind of sub- P A I T = | F = — _ LOCATION DIAGRAM 760 SECTIONIZED TOWNSHIP 100,000 M. SQUARE IDENTIFICATION |[ SAMPLE POINT: FELDA
surface sediment. The map 1s thus E x L N AT I ON | = v iy | 2 dlotneters 29" 4__’129 l N : : 1. Read letters identifying
meant for general planning rather than a 5 10 15 Nautical Miles e \ : W o g oo AT
basis for decisions on the use of specific . s ——] = | oy HH1Z4L MV NV " point and read LARGE figure Iabaing te
tracts. Med Flne Sand Ond SIlT NG 17.2 line either in the top or bottom margin, or
. | 23 on the line itself: §
CONTOUR INTERVAL 50 FEET FORT PIERCE®) MU NU Estimate tenths from grid line to point: 6
WITH SUPPLEMENTARY CONTOURS AT 25 FOOT INTERVALS FLORIDA 2 %0 3. Locate first HORIZONTAL grid line BELOW
GULF & point and read LARGE figure labeling the
S h el I y SO nd an d C I a y Tyl i i 1GNORE the SMALLER figures of any o e e 3
OF \ NG 17-5 3 grid number; these are for finding ;:um'nlenlee;:nes from grid fine to point: 7
ENTAL GEOLOGY SERIES
wriderch N 7.8 i LARGER figure of the grid number; SAMPLE REFERENCE: MV 5637
MEXICO ﬁr i examply; 2880000 If reparting beyond 18° in any direction,
Pe 0 T U‘ ; ES l PJ L L B E S E E l 82° A 2 = prefix Grid Zone Designation, as: 17RMV5637
':st\;;s.;;v-
M ACH SH Rt Z:};? WEST PALM BEACH, FLORIDA
86° 76° TOWNSHIP OR RANGE LINE 1956

Limestone

LAND GRANT BOUNDARY

REVISED 1972



FLORIDA DEPARTMENT OF NATURAL RESOURCES

MAP SERIES 100 BUREAU OF GEOLOGY

ENVIRONMENTAL GEOLOGY SERIES

WEST PALM BEACH SHEET

by

Ed Lane

FLORIDA DEPARTMENT OF NATURAL RESOURCES
DIVISION OF RESOURCE MANAGEMENT

BUREAU OF GEOLOGY

Tallahassee
1980

INTRODUCTION

Development of guidelines for wise management of Florida’s natural re-
sources depends upon a good working knowledge of the State’s geology as it
relates to man’s environmental problems. Management decisions must be based
upon adequate geologic data for such fields as waste disposal, water resources
management, land management, highway construction, geologic hazards, soils
mavping, mining and reclamation. Environmental geologic maps provide the
basic data needed for the creation and execution of sound programs in the
above-mentioned fields. It is intended that this map will not only serve these
purposes, but that it will also serve as a base map for future presentation of
geologically related data of a more specialized or local nature. The ultimate
purpose of the State’s environmental geology mapping program is to insure
development of Florida’s natural resources with the least possible environ-
mental damage.

This map presents geologic data in such a way that it can be understood
by persons not specially trained in the science of geology. Common rock types
are shown as they occur from just below the soil zone to depths of expected
use for most purposes. Mapping involved aerial photographic and topographic
interpretation and field work (visiting quarries, borrow pits, canals, road cuts
and other rock exposures) to provide the necessary data points. Use was also
made of all published and unpublished data in the files of the Florida Bureau
of Geology plus published reports of the U.S. Geological Survey and the U.S.
Soil Conservation Service.

POPULATION

According to data from the 1970 census, approximately 90 percent of the
people of the area live within 10 miles or less of the Gulf or Atlantic Coasts.
These ten-mile-wide strips along both coasts are experiencing phenomenal popu-
lation growth. For example, between 1960 and 1970 the population of Lee
County increased almost 90 percent. The population of Lee County is con-
centrated in the Fort Myers urban area, the large Cape Coral development, and
the many other developments along the coast of the County. During the same
period, the population of the ten-mile-wide strip along the Atlantic Coast of
Palm Beach County increased 50 percent. These growth rates attest to the favored
status of the coastal areas with respect to mass recreation and retirement living.
The subtropical climate and beaches are the primary attractions for the area.
Other centers of population are around the southern shore of Lake Okeechobee,
which are related to the vast sugar cane and truck farming industries of the
Everglades.

TRANSPORTATION AND INDUSTRY

The major highway on the west coast is Route 41 between Fort Myers
and Naples, which becomes the Everglades Parkway (Alligator Alley). Route
80 from Fort Myers provides another east-west thoroughfare. Route 27 crosses
the map diagonally from west of Lake Okeechobee to the southeast corner of
the map area, just west of Fort Lauderdale. Florida’s Gold Coast, from West
Palm Beach to Miami, is served by several major highways: 1-95 (Florida’s Turn-
pike), US. 1, US. AlA, and Route 441. Off the main highways, access to the
undeveloped interior region is primarily by countless dirt roads and trails, All
of the population centers have airports and numerous private landing strips
exist throughout the area. Railroad lines connect the coastal cities; several
branches serve the industries in the interior, mainly citrus, mining, sugar cane,
truck farms, and cattle ranches. The western half of a cross-peninsular barge-
canal system extends from the Gulf at Fort Myers, via the Caloosahatchee River
and Canal to Lake Okeechobee, across the Lake to Port Myaca, then along the
St. Lucie Canal to the City of Stuart on the Atlantic (off this map to the north-
east). The Intracoastal Waterway runs along the Atlantic and Gulf Coasts and
provides sheltered, charted passageway for small boats.

Tourism contributes a large share to the area’s economy, as do related act-
ivities, such as sports fishing, and recreational and retirement living developments.
Also, because of the population growth, the construction industry forms a large
segment of the economy. The Everglades area south of Lake Okeechobee in
Palm Beach, Glades and Hendry counties is one of the United States’ major
producers of sugar cane and winter vegetables, Citrus and cattle are produced
throughout the area. Two major east coast ports of international trade are located
in the area. Port Everglades, adjacent to Fort Lauderdale in Broward County, with
its 35-feet-deep dredged channel can accommodate deep-draft ships. The Port
of Palm Beach in Palm Beach County is another leading Atlantic coastal port.

CLIMATE

The area’s climate is humid subtropieal. Temperatures range from an average
low of 68 degrees F (20 degrees C) in January to an average high of 82 degrees F
(27 degrees C) in August, with a year-round average of 75 degrees F (24 degrees
C). Average annual rainfall is 52 inches (132 cm), with extreme years varying
from about 30 inches to over 100 inches (79 - 254 cm). Most of the rainfall
occurs from June through October.

PHYSIOGRAPHY

The Floridan Plateau is a wide, relatively flat platform that forms the east-
ern boundary of the Gulf of Mexico. Its boundaries are arbitrarily placed where
depths are 300 feet (91 m). On the Gulf side of the peninsula, its edge lies some
100 miles (160 km) offshore of Fort Myers. In contrast, its edge lies very close
offshore on the Atlantic side of the area. It can be seen from the map that the
300-feet bathymetric contour line lies about two miles (3 km) off the Atlantic
Coast. The Florida peninsula is that part of the Floridan Plateau which is pre-
sently above sea level,

Physiographic provinces for the State of Florida have been proposed by
Puri and Vernon (1964). This map includes parts of the following physiographic
provinces, from east to west: Atlantic Coastal Ridge, Eastern Valley, the Ever-
glades, Big Cypress Spur, Immokalee Rise, Southwestern Slope, the Caloosa-
hatchee Valley, and the Caloosahatcheee Incline. A ubiquitous feature of the
entire area is the relatively flat topography and poor drainage. With respect to
man’s activities, the poor drainage constitutes a perennial problem and is the
main hindrance to the development or utilization of the area’s natural resources.

Most of western Palm Beach and Broward counties are within the Everlades,
which corresponds to the peat lithologic unit on the map. In terms of topography,
the vast expanses of the Everglades and adjacent areas, such as Big Cypress Spur
and Big Cypress Swamp on the west side of the peninsula, are some of the flattest,
most featureless regions on Earth. Where slight changes of local elevations occur,
they are usually so gradual as to be imperceptible over wide areas. With the
exception of the agricultural area south of Lake Okeechobee, the Everglades
is covered with shallow water that moves very slowly southward as sheet-flow.
From the southern edge of the agricultural area to the southern tip of the
peninsula, about 85 miles (136 km), the slope of the water surface may be only
one to two inches per mile (0.6 to 1.2 cm/km). This is so flat that rainstorms
can reverse the gradient of the local water surface.

Exceptions to this general flatness occur along the coasts because of sand
dunes and ridges. The Atlantic Coastal Ridge, which corresponds to the sand
lithologic unit, closely parallels the Atlantic Coast of Martin, Broward and Palm
Beach counties. In Palm Beach County it is about three to five miles wide (2.4 to
4 km) wide. Elevations of the crest are generally between 35 to 50 feet (11 to
15 m), and extend from the north edge of the map at the Martin-Palm Beach
County line south to Boca Raton. Near Boca Raton maximum elevations de-
crease to about 20 feet (6 m) or less. In Broward County, the Ridge becomes
broader, lower and indistinct with elevations between 10 to 15 feet (3 to 5 in).

To the west, between the Everglades and the Atlantic Coastal Ridge, lies
the Eastern Valley physiographic province. It is not really a valley; for in act-
uality, it forms a gentle, western back-slope to the Atlantic Coastal Ridge. From
the Everglades on its western boundary it rices imperceptibly to the higher ridges
and dunes along the Atlantic Coast. In contrast to the extreme flatness of the
Everglades, it has small differences in local elevations giving it a slightly rolling
topography. In the recent past, this physiographic province has undergone ex-
tensive draining and modification for agricultural and real estate development.
Pressure from real estate development has been so intense that inroads are now
being made towards developing the eastern margin of the Everglades,

Bordering the Everglades on the west and southwest are two areas of slightly
higher elevations, the Big Cypress Spur and the Immokalee Rise. The boundaries
among these three physiographic provinces are ill-defined since they merge and
intermingle across zones that may be several miles wide. There are significant
differences in the types of soils over each of the areas, and hence, in the types
of vegetation that occur. The Everglades is covered by thick layers of organic
peaty soils, While some parts of the Big Cypress also have peaty soils, extensive
areas have sandy soils or limestones exposed at the surface. The area on this map
that is associated with the Big Cypress Spur is approximately bounded by a line
running from the town of Sunniland east along the Collier-Hendry County line
to Broward County, south along the Broward County line to the map edge,
then west 10 miles (16 km), then northwest to Sunniland.

The Immokalee Rise, with elevations from 25 to 42 feet (8 to 13 m), is
covered by sand over shell or limestone units. The thickness of the sand is greater
over the Rise than it is over the surrounding areas. Its outline can be
approximated by the 25-foot elevation contour line that lies just south of Immo-
kalee and closely parallels State Road 846. From Immokalee, this contour line
goes northwest between Lehigh Acres and Fort Myers, turns east and runs south
of the Caloosahatchee River to about five miles (8 km) east of State Road 833.
From there it runs to the common intersection of Broward-Collier-Hendry
counties, then west along the Collier-Hendry County line to the town of Sunni-
land, and northwest to Immokalee.

The Southwestern Slope lies between the Gulf of Mexico and the western
borders of the Immokalee Rise and Big Cypress Spur. Elevations range up to
25 feet (8 m). Most of this area is covered by a relatively thin veneer of sand that
is underlain by clayey, shelly, or limestone units.

From Lake Hicpochee, the Caloosahatchee River flows westward between
higher ground to the north and south of it, the Caloosahatchee Incline and the
Immokalee Rise, respectively. The land below 25 feet (8 m) elevation, and be-
tween these two higher physiographic provinces, is the Caloosahatchee Valley.

«Similerly, as with the Southwestern Slope, the Caloosahatchee Valley province
is generally underlain at shallow depths by clayey, shelly or limestone units.

Elevations of the Caloosahatchee Incline increase to the north away from
the river. In general, thicker sandy overburden is associated with the higher ele-
vations, which reflects the geologic origin of the Incline and its relationships
with the Lake Wales Ridge (off this map to the north). In the geologic past, when
sea level stood more than 75 feet (23 m) above present, the ocean’s currents
reworked the sediments along the Lake Wales Ridge to form sandy, offshore
shoals and bars that were similar to those which exist off present-day coasts.

On the west coast, a system of sand dunes associated with the barrier islands
that is seldom more than one mile (1.5 km) wide and 15 feet (5 m) high, runs
along the Gulf Coast from southwest of Fort Myers to Naples. South of Naples
the barrier islands become a trackless network of countless mangrove islands
and shoals that are seldom more than three feet (1 m) above mean sea level.

GEOLOGIC DISCUSSION

The structpral backbone of the Florida peninsula is made of deep-seated
igneous and metamorphic rocks. In this part of southern Florida these basement
rocks are buried under thick sequences of sedimentary rocks. Thicknesses of
the overlying sedimentary rocks range from over 12,000 feet (3,660 m) in north-
ern Glades County to over 18,000 feet (5,500 m) in southern Collier County.
The sediments in the upper few thousand feet consist mainly of (1) clastic mat—
erials such as sands, silts, clays, and shell beds, and (2) carbonates such as lime—
stones and dolomites.

Sediments exposed at the surface range in age from Miocene to recent.
The geologic and physiographic features of south Florida are either directly
or indirectly the result of Pleistocene climatic fluctuations. During the Pleis-
tocene Epoch (Ice Ages), approximately between two million to ten thousand
years before present, worldwide climatic changes caused the formation of vast
continental ice-sheets and mountain glaciers, which covered up to one-third
of the Earth’s continental surface. The water required to form these ice-sheets
came from the oceans, whose levels dropped at times to 600 feet (182 m) below

their present levels, During warmer interglacial periods, the ice-sheets melted
and the water returned to the oceans, thereby raising their levels to 200 feet
(60 m) or more above present levels. There are at least four major periods of
glaciation and four warmer interglacial periods (if present climate is counted)
with many less-pronounced climatic changes superimposed on each of the major
periods. As the seas advanced and retreated across the Floridan Plateau, geologic

processes were at work constructing the present peninsula. Then-existing sedi-
ments were eroded and reworked; new sediments were laid down, such as shell
beds and limestones; shoreline features were formed, such as beaches, dunes,
bays and marshes; shallow, sandy, flat sea bottoms were extensive; solution
of carbonate rocks occurred and created karst features, such as sinkholes,
depressions and subterrainean channels. In this region, solution features dominate
its geology, hydrology and environment.

The vast Everglades peat deposits were also indirectly the result of
Pleistocene climate, although the peat has been forming only since about the
end of the last glacial period 10,000 years ago. The rock-floor upon which the
peat has accumulated forms a shallow trough and is composed of sandy, shelly
limestones, calcareous sandstones or marls, all of which were deposited during
the Pleistocene, On the map, the perimeter of the trough is closely approximated
by the boundary of the Everglades peat lithologic unit. Lake Okeechobee
occupies the northern part of the trough. From its perimeter, the sides of the
trough drop rapidly (relative to the usual flatness of the area) to form the broad,
shallow, elongate Everglades basin. Elevations of the floor range from about
present sea level in the middle of Lake Okeechobee to 10 feet (3 m) above sea
level along the trough’s edges, with an average being about seven feet (2.5 m)
above sea level. The particular sequence of depositional and erosional events that
occurred during the Pleistocene created a trough that was ideally suited for
peat accumulation under recent climatic conditions. Original thicknesses of the
peat varied from about eight feet (2.75 m) south of Lake Okeechobee and
thinning to a foot or less toward the edges. Man’s activities over the past 100
years have drastically altered the Everglades’ natural environment. Consequently,
large areas have been drained, with resultant compaction, oxidation and even
burning of the peat, which has lowered the top of the peat as much as six feet
(2 m) in places. On the east-west cross section A-A’, the Everglades peat is not
shown because, in general, it is now so thin that it will not show at the scale
used.

Most of the area that lies both east and west of the Everglades is covered by
varying thicknesses of quartz sand. These sands were deposited by the several
fluctuations of sea level that occurred during the Pleistocene Epoch. These
sands are relatively clean, although they may contain high percentages of organic
materials in areas where the land is swampy or perennially flooded; in some places
the large amounts of organics make them appear peaty. On the map, the sand
lithology denotes the areas where these sand units may be expected to be from
two to more than 10 feet (0.5 to 3 m) in thickness. For purposes of clarity on
the map, the thinner veneer of sand in other areas has been deleted in order to
show the underlying lithologic units.

On the east coast, the width of the thicker sands of the Atlantic Coastal
Ridge extends inland from the coast from three to five miles (4.8 to 8 km).
Between the Ridge and the Everglades lies the Eastern Valley, a relatively flat
area with poor natural drainage, which has a thinner mantle of sand and organic-
rich sands, In many places throughout the Eastern Valley and Eastern Flatlands
layers of hard, sandy, shelly limestone or marls lie immediately beneath the
thin surficial sands. On the map in north Palm Beach County, the thin sand
has been removed and the underlying units are designated as shelly sand and
clay lithology, denoting their origin. Their included shells and other marine fossils
indicate that they were originally deposited as sandy, shelly, clayey marls in
shallow seas. In some places they have become hardened and cemented; in other
places they are unconsolidated, It is not unusual to find zones of peat inter-
bedded among the sand units and the shell beds. Becawse of the extensive drainage
network, exposures that show these features may be seen in many of the canals,
particularly along Route 441, which runs north-south just east of the Everglades.
Southern Palm Beach County is a transitional zone where the Anastasia, Miami
Qolite, and the Fort Thompson formations’ lithologies interfinger and merge.
Although this zone is symbolized on the map by the line between the limestone
and shelly sand and clay lithologies, the zone encompasses several miles in any
direction. In this area can be seen the transition zones among several different,
ancient environments of deposition which were being laid down contemporan-
eously during the Pleistocene Epoch. Due to the fluctuations of sea level during
the Pleistocene, the changes of lithologies and their interfingerings and inter-
beddings are complex and erratic; hence, the boundaries shown are approxima-
tions. For example, in a north-south direction from Boynton Beach to Boca
Raton, the units exposed in ditches gradually change from the sandy, shelly
marls, limestones and calcareous sandstones of the Anastasia Formation to
the clean, distinctive, oolitic limestone of the Miami Qolite. Similarly, in going
east-west toward the Everglades, the units exposed change from either Anastasia
or Miami Oolite to the Fort Thompson lithology, which forms the floor of
the northern Everglades.

Two other areas with thick sand are worth noting, the Immokalee Rise and
the Caloosahatchee Incline. The Immokalee Rise is, roughly, a pear-shaped topo-
graphic feature in eastern Lee, western Hendry, and northern Collier counties,
which has elevations up to 42 feet (14 m); the maximum elevations are north of
the town of Immokalee. This feature has been called Immokalee Island by others
(Parker et al.,, 1955) in reference to its geologic origin, During the two to three
million year duration of the Pleistocene Epoch sea level rose and fell many times
in response to the repetitive melting and freezing of the ice caps. Immokalee
Rise (Island) and the Caloosahatchee Incline were formed during one of the
warmer interglacial periods when sea levels fluctuated between 40 to 100 feet
(13 to 33 m) above present. The clastic sediments of which they are composed
were eroded from the higher lands to the north and deposited as the floors
of shallow seas. The Caloosahatchee Valley was a large tidal channel, which
separated the two areas of higher elevations, essentially creating an island.

On the west coast, throughout most of Collier, Hendry, Lee and part of
southern Glades counties, there occurs below the thinner surficial sands a unit
of hard, calcareous sandstone associated with the Anastasia Formation. Usually,
this unit is two or three feet (1 m) thick, but it may be as much as 10 feet (3 m)
thick in places. Its color is light to medium tan or gray. On the map the thin
surficial sands have been removed and it is included in the shelly sand and clay
lithology because it contains shells and other marine fossils, which indicate
that it was originally deposited as a sandy, shelly, clayey marl unit that was
subsequently lithified into a shelly calcareous sandstone. Good exposures may
be seen in most drainage ditches in eastern Lee and Collier counties and along
the Caloosahatchee River. This unit also occurs on the east coast in Martin
County and south into Palm Beach County almost to the Broward County line.
Isolated exposures may be seen along the Atlantic shoreline, The most notable
exposure is Blowing Rocks on Jupiter Island, between the north border of the
map and the northern Palm Beach County line. Here, thick strata are being
undercut and, with strong onshore winds, the waves create spectacular fountains
of spray. Other places where this unit may be seen along the Palm Beach County
shoreline are: along Jupiter Island south of the Martin County line; approximately
two miles south of Jupiter Inlet; at Boca Raton Inlet (south of Lake Boca Raton,
on map); and the public beach one mile north of Boca Raton Inlet, on Route
AlA.

ECONOMIC GEOLOGY

Mineral commodities produced in this area are: sands and gravel, marls
(shell beds), crushed limestone, and crude oil.

In 1943 the first commercially producing oil well in Florida was drilled
near the town of Sunniland, Collier County, 10 miles southeast of Immokalee.
The next discovery of oil in Florida was in 1964 near the town of Felda, Hendry
County, just north of Immokalee. In 1966 oil was discovered about eight miles
west of Felda, near the Lee-Hendry County line. Another oil discovery was
made in 1969 about two miles southwest of Lake Trafford, which is just west
of Immokalee. In 1970 further discoveries extended the field that was found
in 1966. A new producing field was discovered in 1972 approximately three
miles southeast of Sunniland. A 1973 discovery was made approximately 15
miles east of Sunniland. A discovery was made in 1974 about four miles north-
west of the Lehigh Acres Development in Lee County. These discoveries de-
lineate the general trend of the oil producing area. All production is from deep
strata of the Sunniland Limestone, Lower Cretaceous age, and over 11,000 feet
deep (3,350 m). The royalties and severance taxes paid on the oil produced
contributes significant sums to the three counties’ and the State’s economies.

Throughout most of the region marls or limestones lie near the surface
beneath a veneer of sand, which makes extraction easy. Most of these commodi-
ties are utilized in the construction industry; for example, as road-base or
aggregate, and concrete aggregate. Areas whore. thicker sequences of sand exist
for potential development are along the Atlantic Coastal Ridge, the Immokalee
Rise and the Caloosahatchee Incline.

An important non-mineral commodity is peat, which is not presently mined
commercially, However, the vast deposits of these organic soils makes possible
the extensive commercial farming operations in the Everglades.

WATER RESOURCES

Water resources of the area occur as surface and ground water. Surface
waters are those in lakes, streams, canals and marshes. Ground water is water
that is below the surface of the earth and includes those waters in water-table
aquifers and confined (artesian) aquifers, An aquifer is any body of earth material
that is capable of allowing water to move through its pores or voids at a suffi-
cient rate for water-supply purposes. Water-table aquifer conditions occur when
a body of ground water is unconfined and the water in the pores of the aquifer
is at atmospheric pressure, as if it were in an open tank. The water-table surface
moves up during wet periods in response to recharge by downward percolation
of water, It moves down in response to discharges of stored water during dry
periods, such as outflow to streams, wells, springs or other points of ground-
water discharge. Its configuration tends to be a subdued replica of ground surface.
Artesian ground-water conditions occur when water is confined under or between
relatively impermeable strata, thereby imposing hydraulic pressure, or a
hydraulic head, on the water. Under artesian conditions water will rise above
the top of the aquifer in a well that penetrates the confining strata. If the
hydraulic head is high enough, water may flow above land surface.

An inspection of the map shows that 90 percent or more of the area is
covered by open water bodies and “swamp/marsh” symbols, which indicatc
areas that are either marshes or are permanently or periodically subject to flood-
ing. It is a seeming paradox that this region of the peninsula, whose climate
is humid sub-tropical, can experience droughts of such severity that authorities
occasionally have to impose water-use restrictions. An examination of the re-
lationship among the area’s climate, environment and geology will help to resolve
the paradox.

South Florida’s nearness to the tropics is reflected in its climate. It has a
tropical two-season climate, in contrast to the four-seasons of the temperate
zones; these two seasons being either distinctly wet or dry. Up to 70 percent
of the annual rainfall may occur during the rainy season of June-October, with
the remainder distributed over the dry season of November-May. Average annual
rainfall is 50 to 60 inches (127-152 cm), with extreme years varying from about
30 inches to over 100 inches (79-254 c¢m). The wet season is also hurricane-
season. From the viewpoint of man’s activities, these hurricanes can be very
destructive. However, from the standpoint of the total environment they pro-
bably are more beneficial than harmful, since they bring great quantities of
fresh water to replenish the lakes, streams, the Everglades, and the aquifers.

Although south Florida has one of the highest average annual rainfalls of
the continental U. S., several factors operate to remove this water from the
peninsula; runoff, evapotranspiration and downward seepage to recharge the
aquifers. Runoff is by natural and man-madg drainage systems. Natural drainage
of the area is sluggish, with most of the area subject to marshy or flooded condi-
tions due to perennially high water tables. The watér control systems con-
structed over the last 100 years, and which are still being buiit apace, have the
capacity to rapidly lower the local water table by several feet and to maintain
it at lower levels. These drainage systems, which effectively lower water tables
to make the land more useful for man’s activities, also increase the threat of
drought and salt-water intrusion. The water standing in lakes, streams, marshes
and swamps and the ground water in aquifers represents water resources in
storage...water that is available for use between periods of rain and recharge.

Since rainfail is the ultimate source of all of the area’s fresh surface waters
and recharge to its aquifers, rapid diversion to the sea of the surface and shallow
ground waters intensifies the effects of any deficiency in rainfall, thereby hasten-
ing the onset of drought. Another serious problem arises as a direct result of the
efficiency of the drainage systems...salt-water intrusion...which pollutes the
fresh-water aquifers along the coast and adjacent to the tidal streams. The con-
ditions of high water tables, which the drainage systems are designed to eliminate,
are the very sources of the fresh water that keeps the saline water flushed out
of the aquifers and streams. Historically, the approach to drainage was to con-
struct systems capable of permanently lowering the water tables and capable
of preventing flash-flooding from hurricanes and torrential rainfall. More recently
this approach has been modified to include systems for water-conservation,
for aquifer recharge, and for control of salt-water intrusion.

Another natural mechanism that removes large quantities of water from the
peninsula is evapotranspiration. Evapotranspiration is a term that includes evapor-
ation of moisture from the soil and open bodies of water, and transpiration,
which is water lost by plants as a function of their growth processes. For this
area, potential rates of average annual evapotranspiration may equal or exceed
average annual precipitation. This means that all the rainfall could potentially
be evaporated or transpired, leaving no surplus water to maintain lakes, streams,
or to recharge the aquifers. Under normal conditions, this doesn’t happen.
Since time is also a factor, some portion of the precipitation manages to percolate
to the aquifers and can fill the lakes and streams before all of it is evapotrans-
pired. Because of the high rate of potential evapotranspiration, there is a delicate
balance among rainfall, actual evapotranspiration, and availability of surplus
water.

Fortunately, the rainy season normally coincides with the agricultural
growing season, which is the period of maximum demand and highest evapo-
transpiration rates. However, the climate is subject to short-term fluctuations
above and below so-called “normal” values; and these fluctuations can persist
for several consecutive years. If the rainfall stays drastically lower than normal
for several years, then evapotranspiration, natural runoff, man-made drainage
and withdrawals can, and usually do, deplete the stored water to the point of
drought.

SURFACE WATER

Surface waters exist~in great profusion in south Florida. Of all the types
of water resources, they are the most accessible and convenient for man’s use,
at the same time, they are the easiest to abuse and pollute.

A spectacular example of surface water is Lake Okeechobee. Lake Okee-
chobee, with a surface area of about 700 square miles, has the distinction of
being the second-largest fresh-water body in the contiguous 48 states of the
United States, being exceeded in surface area only by Lake Michigan. It is quite
shallow, however, with a maximum depth of 15 feet (5 m); most of it is less
than 10 feet (3 m) deep. Water quality is generally good and the towns around
its perimeter use it for public supplies. Recent studies indicate a trend of deter-
ioration of quality, which is linked to the extensive drainage programs and agri-
cultural practices surrounding the Lake (MacGill et al., 1976).

Extensive parts of the eastern and southeastern Everglades have been desig-
nated as water conservation areas. Dikes around their perimeters allow water to
be impounded and released, or pumped into or out of them, depending on
demand. They act as supply reservoirs during periods of low rainfall and as
holding reservoirs if floods threaten.

The complex network of canals and drainage ditches are another important
segment of the surface water resources of the area. Besides their obvious functions
of draining unwanted water, in many instances they also act as avenues of
recharge for the ground-water aquifers. Their recharge functions are particularly
important to the urbanized coastal region for, during dry seasons, they replenish
the large withdrawals of municipal well-fields, as well as maintaining ground-water
heads to prevent salt-water encroachment,

AQUIFERS

Throughout the area water-table aquifers occur in geologic units ranging
in age from Miocene to recent. These units consist of surficial sands, and under-
lying shell beds (marls), silts and clays, and limestones. High water tables exist
throughout the area and are responsible for the wet, flooded, and marshy con-
ditions that generally persist over much of south Florida for many months of
the year. Since the top of the water table is seldom more than a few feet below
land surface at any time, the thin overburden quickly becomes saturated with
the onset of the rainy season and ponding results.

Units comprising the water-table aquifers are the main source of ground
water over most of the area. These units are associated with the Fort Thompson
Formation under the Everglades; with the Anastasia Formation east of the Ever-
glades; and with the Caloosahatchee and Tamiami formations west of the Ever-
glades. Thicknesses of the water-table aquifers range from 10 feet (3 m) up to
300 feet (90 m). There is no set rule for determining the thickness of the water-
table aquifer at any given location but, in general, the thinner sections are west
of the Everglades. The water-table aquifer near the eastern side of Lake Okeecho-
bee is about 60 feet thick (18 m) and increases to about 300 feet thick (90 m)
near the Atlantic Coast, in Palm Beach County. The quality of the water from
the water-table aquifers is usually good with local areas experiencing problems
with sulfur, salt, organics or iron. Over most of the area their quality is better
than water from the deeper artesian aquifer, so their waters are utilized for
most purposes. There is a tendency for quality to decrease as wells penetrate
deeper into the aquifers.

BISCAYNE AQUIFER

Because of its importance as the major supplier of fresh water in southeast
Florida, the Biscayne Aquifer will be discussed separately. Schroeder, Klein and
Hoy (1958) present a detailed study of the Biscayne Aquifer and much of the
following description is taken from their study.

The Biscayne Aquifer underlies all of Broward County and the southern
one-third of Palm Beach County. The aquifer’s western limits coincide closely
with the western, north-south, county lines of Palm Beach and Broward counties,
The aquifer is wedge-shaped in east-west cross-section and is 200 feet thick
(60 m) at Fort Lauderdale, thinning to about 10 feet (3 m) in easternmost Collier
and Hendry counties. Permeability tests by the U.S. Geological Survey show that
this is one of the most productive aquifers ever tested by them. Generally, both
the thickness and permeability of the aquifer decreases to the north and west,
from Broward County. The aquifer attains maximum thickness and permeability
to the south, in Dade County. The Biscayne Aquifer contains water of good
quality in unconfined, water-table conditions. The Biscayne Aquifer is a hydro-
logic system that is composed of part or all of several geologic formations, but the
aquifer is not strictly delineated by formational boundaries. It crosses strati-
graphic lines and is limited by the hydraulic properties of the rock-units, them-
selves. Formations included in the aquifer in this area, from older to younger and,
in general, from deeper to shallower are: Tamiami, Fort Thompson, Anastasia,
Miami Oolite and the Pamlico sand. The organic soils of the Everglades are not
part of the Biscayne Aquifer.

The Tamiami Formation, of Miocene age, is the oldest and deepest rock
unit included in the Biscayne Aquifer. The lower part of this formation consists
of relatively impermeable clayey marls and forms both the base of the Biscayne
Aquifer and the top confining beds of the deeper artesian Floridan Aquifer.
In places, the upper part of the Tamiami Formation has permeable limestones
and shelly, calcareous sandstones which, where present, constitute the lower
part of the Biscayne Aquifer system. However, because of the limited extent
of the permeable units the Tamiami Formation is not a major component of
the Biscayne Aquifer. The total formation may be up to 100 feet thick (30 m),
but in this area considerably less than that section is a productive aquifer.

Overlying the Tamiami Formation are two formations of approximately
contemporaneous Pleistocene age: the Fort Thompson Formation and the
Anastasia Formation. They merge with complex interfingerings along the eastern
edge of the Everglades. To the west, beneath the Everglades, the Fort Thompson
Formation constitutes the major component of the Biscayne Aquifer; east of the
Everglades, the Anastasia Formation is the equivalent major component.

The Fort Thompson Formation underlies all of the Everglades on this map
and forms the floor of the Everglades trough where the organic soils have accumu-
lated. It consists of interbedded units of fossiliferous, fresh-water and marine
limestones, sandstones, sandy limestones and sands. Ground-water solution of
the carbonate rocks has been extensive (some solution cavities are several feet
in diameter), which has resulted in high permeabilities throughout the entire
formation. In western Palm Beach County it varies in thickness from about
10-30 feet (3-9 m); in western Broward County it ranges in thickness from about
20-60 feet (6-18 m).

East of the Everglades and southward from Delray Beach, the Anastasia
Formation comprises the major component of the Biscayne Aquifer. The Anas-
tasia Formation consists of sandy limestone, coquina and shelly sands, which
overlies the Tamiami Formation. Similar to the Fort Thompson Formation,
it contains many large solution cavities, which accounts for much of its high
permeability. In eastern Palm Beach and Broward counties, beneath the coastal
ridge, it is 100-200 feet thick (30-60 m).

Another geologic formation that comprises an important part of the
Biscayne Aquifer is the Miami Oolite, which overlies the Anastasia Formation
in parts of eastern and southern Broward County. It is composed of white to
yellow, oolitic limestone which, in places, may contain minor amounts of quartz
sand or marine shells. The Miami Qolite’s name is derived from its composition
of oolites, which are tiny, calcareous, spherical bodies, less than 1/16 inch
1(2 mm) in diameter. The Miami Oolite, too, is riddled with solution cavities,
which gives it high permeability. Its thickness is variable between 5-20 feet
(1.5 to 6 m).

Also included in the Biscayne Aquiter, ana overlying practically all of the
Anastasia Formation and the Miami Oolite, is the Pamlico sand. This quartz
sand was deposited by Pleistocene seas that ranged up to 25 feet (7.5 m) higher
than present sea level. For the most part, it is unconsolidated but may be partially
cemented in some places and may contain shells, It attains its greatest thickness
along the Atlantic Coastal Ridge of up to 40 feet (12 m). Elevations higher than
25 feet (7.5 m) represent areas of dunes and ridges that have been formed in
more recent times since the Pleistocene.

FLORIDAN AQUIFER

Underlying the water-table aquifers are several hundred feet of relatively
impermeable siits, clays, and marls which act as confining beds for the rock-
units of the artesian aquifer. The rock-units comprising the deeper artesian
aquifer system are collectively called the Floridan Aquifer, and are predomin-
antly limestones of the lower Hawthorn, St. Marks, Suwannee, and Avon Park
fo mations and the Ocala Group.

The Floridan Aquifer underlies the entire area. Depths to the top of the
aquifer range from 500 to 700 feet (150 to 210 m) on the west coast, and from
800 to 900 feet (240 to 270 m) on the east coast. The water in the aquifer is
under enough pressure to cause artesian flow above land surface over almost
the entire area. The area where artesian pressure is too low to cause flow above
land surface is the western-half of Glades County and the eastern-half of Charlotte
County. Water in the Floridan Aquifer is highly mineralized and is unsuited for
most purposes throughout the area. Generally, quality decreases with depth and
to the south, away from Lake Okeechobee, and approaches the salinity of sea
water in places.

OUTCROPS OF INTEREST

1. Martin and Palm Beach Counties. Along S.R. 707 on Jupiter Island, north
of Jupiter, the coquina of the Anastasia Formation is exposed at several
locations along the ocean beach.

2. Palm Beach County, Boca Raton, Public beach at intersecticn of S.R. 798
(Palmetto Park Road) with A1A has large outcrop of Anastasia Formation
coquina south along the beach to Boca Raton Inlet.

3. Broward County, T48S, R42E, Section 4. Large boulders of Miami Qolite
are exposed in abandoned borrow pits along Butler Road, % mile south
on S.R. 809 (Powerline Road) from its intersection with S.R. 810 (Hills-
boro Blvd.).
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4. Broward County, T50S, R42E, Section 34, Dania. North of SW 48th St.
at its-intersection with U.S. 1 (Dixie Highway). A 10 feet high exposure
of Miami Qolite at the railroad bridge over the Dania Cut-Off Canal has
cross-bedding etched in relief.

5. Glades and Hendry Counties. In the vicinity of Clewiston and Moore Haven
many of the canals show Fort Thompson Formation overlain by peat and
sand.

6. Hendry County. West of LaBelle, north of Route 80, borrow pits expose
Caloosahatchee Formation. The Caloosahatchee Formation is exposed at
various places along S.R. 833 between its intersection with Route 80 and
S.R. 846.

7. Collier County. The Tamiami Formation is exposed at various places along
S.R. 846 between Immokalee and its intersection with S.R. 951. It is also
exposed along Route 84 (Alligator Alley) west of the Collier-Broward
County line,

8. Lee County. Indurated fragments of the Anastasia Formation are exposed
along Route 41 from Fort Myers and south into Collier County.
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