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PREFACE

This report is one in a series that provides an ecological description of Florida’s gulf coasts.
The watersheds described herein, with their myriad subtropical communities, produce
many benefits to people. The maintenance of this productivity through enlightened
resource management is a major goal of this series. This report will be useful to the many
people who have to make decisions regarding the use of the natural resources of the area.

Any questions or comments about or requests for this publication should be directed to
the following:

Information Transfer Specialist
National Wetlands Research Center
U.S. Fish and Wildlife Service
NASA Slidell Computer Complex
1010 Gause Boulevard

Slidell, Louisiana 70458

or

Public Information Unit (OPS-3-4)
Gulf of Mexico OCS Region

Minerals Management Service

1201 Eimwood Park Boulevard

New Orleans, Louisiana 70123-2394
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Muitiply by To Obtain
millimeters (MM).......ccceeeeerinneennns 0.03937 .o inches
centimeters (CM) ......cccovvvnvennnnneas 0.3937 e inches
meters (M) c..eeeevervvinneiiiieineee 3.281 e feet
kilometers (KM)......cocooeeviieecnnnnnnns 0.6214 ..o miles
square meters (M) .........ccoevinnene 10.76 oo square feet
square kilometers (km?) .................. 0.3861 ..o square miles
hectares (ha) ....cccoveeeeeeininenenceninne 24771 o acres
Bters (1) covvoeeeee e 0.2642 ....ooccoeeieiineees gallons
cubic meters (MP) ....cooevvevecneennnn, 35.31 (i cubic feet
cubic meters (MP) ...ccoovveeerrenernrenene 0.0008110 .......cccvvevecnennnne acre-feet
milligrams (MQ) --..ccceevreeeieenneen. 0.00003527 ....ccuveeveeennnnn. ounces
OramS (Q) «oovvevveereerreennnrenmeeeessinesees 0.08527 ... ounces
kilograms (Kg) ......coceermmmenviinninnnnen 2.205 ..ot pounds
metrictons (Mt) ....ccoooeneeeiinnnne 2205.0 .o pounds
metric tons (M) ...c.occcceeenniiiirnnins 1102 oo short tons
kilocalories (kcal).....c....coeeeeeernnnnnn. 3.968 ... BTU
Celsius degrees .....cocoeverercereeereens 1.8(°C) +32..cveerrice Fahrenheit degrees

Multiply by To Obtain
INCHES ..o 25.40 v millimeters
INCHES .o, 254 e, centimeters
feet (f) oo 0.3048 ....coovniiiiiiiiees meters
fathOMS ...ooviiciiiieereiice e 1.829 .o meters
Miles (M) coeerviiiniiiereee 1.609 oo kilometers
nautical miles (NM) ......ccccceveivnennn. 1.852 . kilometers
square feet (ft2) ....ccovveeiiies 0.0929 .....oooirieeee e square meters
ACTES .ovvveeeieeeriireeereerreessrreeeesesonannnes 0.4047 ..oooveverneieenne hectares
square miles (Mi7) .....cceeevienececennn. 2.590 ..t square kilometers
gallons (gal) ....cccoveeininneniie 3785 oo liters
cubic feet (ft5) ..ccccvvvrennriiiis 0.02831 ..o cubic meters
acre-feet ......coovvecccniiiiiiinien, 1233.0 oo cubic meters
[T ToT=T- (o 7.4 RN 28.35 e grams
pounds (Ib) ..o, 0.4536 .oeeeeieeieiieeeene kilograms
short tons (10N) .ccccccevviniiiiiiiineens 0.9072 ..ooeee et metric tons
BTU oo 0.2520 i kilocalories
Fahrenheit degrees .........ccccevveene 0.5556(°F =32) ...cccvvrunennn Celsius degrees
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Chapter 1. INTRODUCTION

1.1 Purpose and Organization

The Florida Panhandle is one of the most rapidly
developing regions inthe entire State. Coastal cities
such as Panama City, Destin, and Pensacola, with
their attractive white-sand beaches and clear wa-
ters, are the centers of this growth. Concomitantwith
such growth are rapid alterations in surrounding
terrestrial and aquatic habitats caused by increased
urbanization, industrialization, sewage and effluent
discharge, river flow alteration, stormwater runoff,
and dredge and fill activities.

Many Panhandle commercial interests, espe-
cially fishing and tourism, are highly dependent upon
the maintenance of relatively unaltered habitats.
The residents of many small Panhandle coastal
communities such as Apalachicola and Carabelle
derive practically all their incomes from the seafood
industry. If unregulated growth occurs without re-
gard to environmental impacts, the failure of this
economy and the end of a unique way of life may
follow. In addition, the destruction of the natural
coastal setting would seriously curtail tourism.

Critical decisions on the preservation or econo-
mic development of particular areas are often made
without knowledge of the composition, dynamics,
and sensitivity of the local habitats and the associat-
ed flora and fauna to perturbations. Additionally,
higher level interactions between systems and habi-
tats are often overlooked. This reportis an extensive
review and synthesis of available literature on the
local physical setting and ecology and a discussion
of important impacts on the habitats within the Pan-
handle region. We have attempted to project pos-
sible future impacts and to point out areas that need
further research before they are permanently al-
tered.

The report is divided into two main sections.
Chapters 2, 3, and 4 cover the geology and physio-
graphy, the climate, and the many aspects of the
surface- and ground-water systems. These chap-
ters provide the physical and chemical background
information necessary to understand many of the
environmental pressures atfecting the biological
habitats. These habitats—terrestrial, freshwater,
estuarine, and marine—and their inhabitants are
described in Chapters 5, 6, and 7. Chapter 8 is a
summary of the Panhandle systems and a discus-
sion of their unique aspects as well as of areas that
are in need of further investigation.

1.2 The Florida Panhandle: Overview

The Florida Panhandle discussed in this report
(Figure 1) extends from the Ochlockonee River
basin west to the Florida-Alabama border (not in-
cluding Perdido River basin and Bay) and north to
the Georgia and Alabama borders. Major rivers in
the region include the Ochlockonee, Apalachicola,
Chipola, Choctawhatchee, Yellow, Blackwater, and
Escambia. Major bays and estuarine systems in-
clude: Ochlockonee Bay, Apalachicola Bay, St.
Joseph Bay, St. Andrew Bay, Choctawhatchee Bay,
and Pensacola Bay. Also discussed are the
nearshore Gulf of Mexico waters and the adjacent
Continental Shelf region.

The Panhandle contains a wide variety of sur-
face waters and physiographic regions. This lends
it an ecological diversity found in few other areas in
the United States. The Panhandle also boasts
several of the largest and most productive estuaries
inthe State. Localfisheries andthefisheries of much
of the coastal area depend on the water quality of
these estuaries for spawning and nursery grounds.
Their protection must be of high priority. Many iniand
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Figure 1. Florida Panhandle drainage basins and features.

areas are undeveloped and probably will remain so  place with no more regard given to habitat destruc-
in the near future. Other areas, most notably the  tion and environmental impact than is given in the
western coasts, are undergoing explosive growth  south. We hope this document will help produce
very similar to that occurring in the southern partof  wise decisions concerning the direction and meth-
the State. Unfortunately, this growth is often taking  ods of Panhandle growth.



Chapter 2. GEOLOGY AND PHYSIOGRAPHY

2.1 Introduction

The animals and plants of any region are great-
ly affected by its geology. Plants are rooted in soils
derived from the inorganic rocks or sediments of the
earth’s surface and are further affected by the slope,
moisture-bearing content, chemistry, and physical
nature of the sediments. Animals, in turn, are af-
fected by plants as food and shelter. Animals may
also respond directly to the geology of a region
because they live on the soil surface or burrow in it.
The slope, friability, moisture-bearing capacity, and
other properties of soils often have as much influ-
ence on animals as on plants.

The surface geology of Panhandle Florida is
entirely sedimentary, comprised of three different
types of sediment: limestones, organics, and clas-
tics (silt, clay, sand, gravel). The northern half of the
Panhandle is dominated by sandy clays or clayey
sands deposited by the alluvial action of rivers and
streams. The southern half of the Panhandle, espe-
cially in the west, is dominated by sands deposited
along ancient shorelines. The surface of the ground
inthe eastern half of the Panhandle and in the vicinity
of Marianna, Jackson County, is influenced by the
presence of limestones near the surface which have
caused the top of the ground to be moditied topogra-
phically by various types of subterranean solution
activity. Inlow lying areas (streamcourses or natural
depressions of varying kinds), especially south of
Cody Scarp and east of the Choctawhatchee River,
peat, muck, and other types of decomposing plant
litter are very common.

Panhandle Florida has been slowly emerging
fromthe sea since atleast some time inthe Miocene.
The age of surface sediments, therefore, is older
near the Alabama and Georgia borders and be-

comes progressively younger towards present sea
level. The floor of each stand of the sea was a
relatively flat, gently seaward-sloping terrace when
first exposed by the receding shoreline. Terraces
are separated from each other by step-like escarp-
ments orby subtle changes in relief (Figure 2). Since
their emergence, terraces have been eroded and
dissected by streams and rivers. Entire strata have
been removed in some areas, and materials from
other strata have been deposited on top of lower
terraces, and rearranged by the erosive power of
water.

Fifty-two percent of the open gulf beaches from
Mexico Beach to a point due south of Tallahassee
have been eroding during historical times (Tanner
1975). In the same time period, 35% have been
stable, and only 14% have been growing. An as-
tounding 11.2 m per year of beach front has eroded
from Cape San Blas between the years 1875 and
1942. Dog Island has been eroding at about 1 mper
year, and St. George Island has been lengthening its
eastern tip at a rate of about 20 m per year, but the
beachface has been eroding at about 1.3 mper year
between 1934 and 1970. Given the consensus of
scientific researchers that sea level has been rising
overthe past century and that a greenhouse effectis
now measurable due to increased CO, levels from
fossil fuel combustion and other human activities, it
seems certain that sea level will continue to rise over
the next century. Some geologists have calculated
that if all the ice in polar regions and montane
glaciers were to melt, the ocean surface would rise
atleast 1001t. Thisis closeto the top of the Wicomico
terrace, presumably the shoreline at the end of the
Pliocene and at the onset of the Pleistocene. The
land submerged under the Wicomico sea (Figure 2)
indicates that about one-half of the surface of the
Panhandle would be inundated in this scenario.



-

Terrace elevations

215-320 ft Includes Hazlehurstterrace (for-
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Neil 1949)

AR AR

1399 70-100 ft\. Wicomico terrace

PRRRR)

Figure 2. Terraces in the Florida Panhandle formed by previous sea-level stands (after Healy 1975a).
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2.2 Structure and Geologic Setting

Three structural features dominate the geology
of Panhandle Florida. These are the Gulf of Mexico
Sedimentary Basin, Chattahoochee Anticline, and
the Apalachicola Embayment. The Panhandle from
about Okaloosa County westward is the eastern
edge of the Gulf of Mexico sedimentary basin, a
negative structural feature (i.e., a depression that
receives sediments) whose sediments thicken west-
ward toward the Mississippi River. A positive struc-
tural feature (a rise, from which sediments erode)
called the Chattahoochee Anticline lies at the east-
ern end of the negative area, separating it from a
smaller negative feature called the Apalachicola
Embayment (Figure 3).

The Chattahoochee Anticline is aligned south-
west to northeast across the northeastern portion of
Panhandle Florida (Figure 3), and is very important
to the ecology of the region because it brings Oligo-
cene and Eocene carbonate rocks to the ground
surface where the physical and chemical properties
of the soil and water are greatly affected by the
presence of the carbonates.

GULF OF MEXICO
SEDIMENTARY
BASIN

NORTH GULF COAST
SEDIMENTARY PROVINCE

The Apalachicola Embayment and its probable
northeastward extension, the Gulf Trough, is a nega-
tive structural feature that represents a downfallen
block of land, called a graben (Schmidt 1984). This
negative feature is important to the biology of the
Panhandle because it is strongly affected by the
predominantly clastic sediments. Clastics differ
greatly from carbonates in their chemistry, physical
properties, and weathering.

The Apalachicola Embayment (Figure 3) is a
relatively shallow basin between the Ocala and
Chattahoochee uplifts, narrowest on the northeast
and opening up to the south and southwest. The
magnitude of the basin increases with depth, indicat-
ing that it is a long-developing feature. Near the
ground surface the Quaternary and Neogene rocks
are gently downwarped, but the deeper Paleogene
and Mesozoic rocks are downwarped even more,
resulting in older strata that are thicker (Murray
1961). Southward alongits axis, the upper sedimen-
tary rocks (Triassic to Recent) of the Apalachicola
Embayment plunge to a depth of nearly 15,000 ft
before metamorphic Paleozoic rocks are encoun-
tered (Applegate et al. 1978). At the eastern limits of

|

CHATTANooc/)(E Oé‘olg’o MILES
ANTICLINE O 16 32 KILOMETERS

FLORIDA
PENINSULA SEDIMENTARY

PROVINCE%

Figure 3. Major structural features of the Florida Panhandie (from

Schmidt 1984).
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the Apalachicola Embayment, carbonate sediments
rise and are exposed at the ground surface begin-
ning at the eastern edge of Panhandie Florida and
cresting along the Ocala Arch of the Florida Penin-
sula Sedimentary Province in the very northwestern
part of peninsular Florida (the Big Bend region).

The western Panhandle from about the Choc-
tawhatchee River westward is underlain by west-
wardly thickening clastic sediments variously bed-
ded as sands, clays, shales, sandstones, and thin
limestones. The hard limestones of the central and
eastern Panhandle either pinch out or dip deeply
west of the Choctawhatchee River and have littie or
no surface expression on the landform.

The surface sediments of the northern half of the
Panhandle west of the Choctawhatchee River are
crossbedded sands, gravels, and clays called the
Citronelle Formation. These are Pliocene to Recent
fluvial deposits that are commonly found at eleva-
tions above 200 ft. Tan to light-orange clayey sand
is found southward towards the coast in the western
Panhandle, and probably represents the reworking
of some of the higher Citronelle hills during sea level
fluctuations. These clayey sands grade into uncon-
solidated white to light-gray quartz sands of the
Pleistocene to Recent coastalterraces. The terrace
deposits generally thicken from zero to nearly 100 ft
near the coast.

The eastern Panhandle is an uneven platform of
carbonate bedrock over which has been deposited
one or more layers of less consolidated clastics. The
bedrock consists mainly of limestone (calcium car-
bonate) and sometimes of dolomite (calcium car-
bonate with varying percentages of magnesium car-
bonate). Impurities of sand, silt, and clay increase in
the limestones going east. Other limestone has
been silicified into layers or veins of chert orflint. The
superficial strata of bedrock date to the Eocene,
Oligocene, and early Miocene (Figure 4). The bed-
rock of the eastern Panhandle has been subjectedto
considerable solution activity, forming numerous
caverns, lime sinks, and other karst features.

The clastics consist of sand, silt, clay, shell mari,
gravel, rock fragments, phosphate pebbles, and
diatomaceous earths. Fossils, including petrified
wood, are present in some deposits but absent in

others. Sand, silt, and clay are mineral particles
defined by their specific diameters.

Layers of shells and their degradation products
are often common. Clastics with shell marl are
mostly thought to representthe sediments of shallow
seas and estuaries. These sediments became ter-
restrial clastics when sea level dropped. The abun-
dance of oyster shells in many shell marls suggests
that oyster bars in bays and lagoons were often
covered by sediments that later became terrestrial
clastics.

Diatomaceous earth consists largely of the sili-
cified walls of diatoms that accumulated in marine
sediments. Such deposits are also known as pipe
clay, fuller's earth, and attapulgite. Thick beds are
mined commercially in Gadsden County for the
production of abrasives and other products. Veins of
diatomaceous earth shrink and swell considerably
with changes in moisture. This movement requires
special foundations for structures built on terrain
containing fuller's earth.

Deposition of the various strata of clastics began
in the Miocene after the carbonate bedrock had
formed. Some of these clastics were once marine
sediments of nearshore environments, exposed
when the Panhandle was uplifted geologically; oth-
ers were deposited as alluvium in valleys or as
deltaic or estuarine deposits near river mouths.
Others were wind-blown deposits such as dunes and
still others were sediments in lake bottoms.

The clastic deposits form terraces that slope
gently towards the Gulf of Mexico and which are
separated from each other either by step-like es-
carpments orby subtler changes inrelief. Since their
deposition the terraces have been subjected to
considerable erosion and dissection by streams and
rivers. Entire strata have been removed from some
areas, and the materials of other strata have been
reworked by erosional processes.

Peat deposits are common. Peat consists of
dead plant matter which may persist for thousands of
years or longer without appreciable decomposition.
Peats build up in marshes, swamps, and lake bot-
toms, wherever low oxygen conditions prevail, inhib-
iting organisms of decay. High acidity and low levels
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of nitrogen may reinforce this inhibition. The oldest
peat occurs at the bottom of a deposit, and new peat
forms at the surface as dead plant materials accu-
mulate. Other, nonfibrous peat is generally called
muck. Most peats contain some sand, silt, or clay
that was transported by water or wind from other
areas. Well preserved wood commonly occurs in
peat. Florida peat deposits and associated vegeta-
tion were surveyed by Harper (1910) and Davis
(1946).

2.3 Stratigraphy

The rocks that underlie the Panhandle range in
age from late Precambrian to Recent. The oldest
rock exposed in the Panhandle is Eocene limestone
of the Crystal River Formation. It is found near the
surface of the ground in northern Holmes and north-
ern Jackson Counties, and is exposed along the
upper Chipola River and upper Holmes and Wrights
creeks. The rocks of different age that are out-
cropped in Panhandle Florida are shown in Figure 4.

2.3.1 Igneous and Paleozoic Rocks

The igneous rocks of Florida include metaba-
saltsin Volusia County, granites in Lake and Orange
Counties, granite and diorite in St. Lucie County, and
metabasalt in Hillsborough County (Grasty and
Wilson 1967, Bass, 1969, Milton and Grasty 1969,
Milton 1972, Barnett 1975). Panhandle deep wells
have intercepted granite at 12,191 ft in Bay County,
dacite porphyry and granodiorite in Gulf County at
13,000 ft, and granite at 14,480 ft below the surface
in southern Walton County (Barnett 1975).

The Paleozoic sediments from deep wells in
Florida have been described and correlated by
Applin (1951), Bridge and Berdan (1952), Cramer
(1971), and Barnett (1975). Stratarange in age from
late Precambrian to Early Devonian based on fossil
evidence.

2.3.2 Mesozoic Era

Descriptions of the Mesozoic rocks in the Pan-
handle have been reported by Arden (1974) and
Applegate et al. (1978). Overlying the Paleozoic
igneous rocks is the Eagle Mills Formation of the
Triassic Age. This formation contains dikes and sills
of basic igneous rocks. its overall lithology has been

described by Applegate et al. (1978) as well-indu-
rated, highly micaceous sandstones; argillaceous
siltstones; and well-indurated shales.

Inthe eastern part of Bay County, the Eagle Mills
Formation is probably absent, thinning from about
200 ft in western Bay County. The Norphlet,
Smackover and Haynesville Formations are found
here, overlying the basal granite. These formations
are all Upper Jurassic in age. The Norphlet is 267 ft
thick and consists of red sandstones, siltstones, and
shales. The Smackover Formationis 163 ft thick and
is composed of limestone and dolomitic limestones.
The Smackover Formation was found to have oil
locked in a dense impermeable section of limestone
and conglomeritic calcareous sandstone. The next
younger formation, the Haynesville, is just over 300
ft thick and is composed of red to gray, very well
indurated calcareous shales, a few well sorted fine-
grained sandstones, and a few thin-bedded micrites.

All three formations apparently thin westward
because only a thin Haynesville section is present in
a deep well drilled in western Bay County. West of
Bay County these units thicken as they plunge into
the Mississippi Embayment. In Bay County, the
Eagle Mills Formation is overlain by 2,600 ft of the
Cotton Valley Group sediments. This group also
overlies the Haynesville section in eastern Bay
County (Schmidt and Clark 1980). The Cotton
Valley Group is Upper Jurassic in age and is a vari-
colored mudstone and coarse sandstone.

Above the Cotton Valley sediments are differen-
tiated Lower Cretaceous sands and shales, varying
from 5,000 to 6,000 ft in thickness. Above these lie
the white sands of the Lower Tuscaloosa Formation,
which is Upper Cretaceous in age.

The Tuscaloosa Formation consists of non-
marine, gray to green, fine to coarse, poorly sorted
sand and variegated shales underlying a marine
member consisting of a gray laminated micaceous
glauconitic hard shale with shell fragments and car-
bonaceous seams and flecks. On top of this, the
Tuscaloosa Formation consists of a gray to cream
fine calcareous micaceous clayey silty sandstone
with beds of calcareous shale. The thickness of the
Tuscaloosa Formation varies but has been reported
to be over 700 ft thick (Puri and Vernon 1964).
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Overlying the Tuscaloosa Formation in Panhan-
dle Florida is the Eutaw Formation: gray to cream
calcareous fine sandstone that changed downdip
into a soft pasty sandy chalk with limestone seams.
It ranges between 150 and 300 ft in thickness.

Above the Eutaw are sediments of the Austin
Age. These beds are equivalent to the Mooreville
Chalk in Alabama. in northwest Florida, these sedi-
ments are gray soft glauconitic micaceous fine-to-
coarse quartz sand interbedded with gray-green soft
calcareous thinbedded clay, averaging 350 to 450 ft
thick. Generally less than 500 ft in thickness, beds
of the Taylor Age overlie the Austin Age beds. The
uppermost Cretaceous sediments are beds of the
Navarro Age. The presence of these sediments is
questionable in northwest Florida, but a thin gray
pasty marl occurs at the top of the Taylor beds in the
western Panhandle.

The Mesozoic sediments total approximately
10,000 ft in combined thickness in the vicinity of Bay
County. The first occurrence is generally deeper
than 3,000 ft below sea level, and the sequence
continues downward to about 13,000 ft below sea
level.

2.3.3 Cenozoic Era

In the Florida Panhandle, an unconformity sep-
arates the basal Paleocene sediments from the
Upper Cretaceous rocks (Applin and Applin 1944,
Rainwater 1960). Applin and Applin (1944) have
statedthatinthe Tallahassee area, Paleocene strata
lie unconformably onbeds of the Taylor Age, withthe
Navarro equivalent and upper beds of Taylor Age
being present.

a. Paleocene Serles. The Paleocene Series in
Northwest Florida consists of clastic beds of the
Midway Age. The Midway Stage has been divided
into three units in Alabama: the Clayton, Porters
Creek, and Naheola Formations. In the Florida
Panhandle, these formations are undifferentiated,
which led Chen (1965) to treatthe entire stage as the
Midway Formation. Lithologically, the formation
consists of dark green-gray micaceous and slightly
glauconitic laminated calcareous shales, with minor
amounts of thinbedded argillaceous and fossilifer-
ous limestones and glauconitic and calcareous
sandstones. The thickness of these sediments var-

ies from 250 to 750 ft throughout the central Pan-
handle.

The Midway Formation underlies the entire Flor-
ida Panhandle and extends widely throughout the
southeastern Coastal Plain. Regionally, the vertical
and lateral changes of lithologic character and the
thickness of the unit are rather great, as demon-
strated by Chen (1965). His isopach-lithofacies
indicate that the clastic sediments, such as glauco-
nitic and arenaceous shale and sandstones, are
more dominant around the Chattahoochee Arch
than elsewhere in the Panhandle. In addition, cal-
careous shale is a major lithologic component that
occurs over most of the Panhand!le region except in
the southeastern area (Wakulla and southern Leon
Counties), where limestone is predominant.

b. Eocene Serles. The Eocene Series in the
southeastern Gulf Coastal Plain has been divided
into three stages. These stages are the Wilcox
Stage, which is Lower Eocene; the Claiborne Stage,
which is Middle Eocene; and the Jackson Stage,
which is Upper Eocene.

The Wilcox Stage has been divided into three
formations in southern Alabama, where it crops out.
The stratigraphic equivalent of these three sections
(the Nanatalia, Tuscahoma, and Hatchetigbee For-
mations) has been recognized in the Florida Pan-
handle as undifferentiated Wilcox. Chen (1965)
treats the Wilcox Stage in northwest Florida as a
formation.

In the outcrop belt in Alabama to the north of the
study area, the Wilcox Stage has been demon-
strated to be unconformable with both overlying and
underlying rocks. In Florida, however, no distinctive
geologic evidence of unconformable relationships is
recognized. The Wilcox Formation includes marine
and deltaic clastic sediments. These consist of
glauconitic and calcareous sandstone and green-
gray micaceous calcareous glauconitic and silty
shale.

Using regional lithofacies maps, Chen (1965)
shows that the amounts of clastic sediments de-
crease southeastward away from the Panhandle
toward peninsular Florida. His maps also show the
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Wilcox Formation to vary inthickness from less than
200 ft in the eastern Panhandle to nearly 1,000 ft
southeastward.

The exposed strata of the Claiborne Stage in
southern Alabama have been divided into three
formations which are, in ascending order, the Tal-
lahatta Formation, the Lisbon Formation, and the
Gosport Sand. In the subsurface of northwest Flor-
ida, the sediments become more calcareous and
less readily differentiated into distinct formations
(Toulmin 1955). As aresult, the Claiborne is divided
into only two formations in the western part of Pan-
handle Florida, the Lisbon Formation at the top and
the Tallahatta Formation below. These formations
are correlative in time of deposition with the Avon
Park Limestone and the Lake City Limestone, re-
spectively, in peninsular Florida.

The Tallahatta Formation in northwest Florida
consists of glauconitic and calcareous sandstone,
green-gray glauconitic arenaceous and calcareous
shale, and glauconitic argillaceous limestone. The
Lisbon Formation is commonly a glauconitic arena-
ceous and fossiliferous limestone with some beds of
calcareous shale. The combined thickness of the
Claiborne near Bay County approaches 800 ft.

The literature pertaining to the Ocala Group is
extensive. Summaries are contained in Vernon
(1942, 1951), Cooke (1945), Puri (1957), and Puri
and Vernon (1964). The Upper Eocene strata in
Florida have been separated by Puri (1957) on the
basis of a detailed biostratigraphic study into three
formations of the Ocala Group, the Inglis, the Willis-
ton, and the Crystal River, in ascending order. In
Panhandle Florida, the Ocala crops out in Jackson
and Holmes Counties, which are located along the
Alabama State line north of Bay County.

In his study on Holmes and Washington Coun-
ties, Vernon (1942) was able to divide the Ocalainto
two lithologic facies. The lower facies is typically
developed in southern Alabama; it bears a lower
Jackson fauna, and consists of greenish-gray glau-
conitic sandy limestone. The upper and more typical
facies is exposed in Holmes County, and is de-
scribed by Vernon as a limestone that is light yellow
to white, massive, porous, and often silicified.
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The Ocala was described in Jackson County by
Moore (1955). He describes its lithology as a white
to cream colored generally soft granular permeable
fossiliferous pure limestone. Overlying the Ocala,
Moore identifies the Bumpnose Limestone member
of the Crystal River Formation (the youngest and
uppermost formation of the Ocala Group). The
Bumpnose is characterized by soft, white limestones
with Lepidocyclina chaperi(alarge flat foraminifera).

The top of the Ocala Group dips between 10 and
15 ft/mi as it approaches Bay County from the north
(Vernon 1942, Schmidt and Coe 1978). In Bay
County, the Ocala is entirely a subsurface unit
(Schmidt and Clark 1980). The three formations into
which Puri (1957) divided the Ocala are not recog-
nizable in Bay County. As a result, the system
devised by Vernon (1942), an upper and lower
facies, is applied in Bay County. The lower facies
consists of a light orange to white limestone with high
porosity, both micrite and sparry calcite cement,
crystal and skeletal grain types, small amounts of
glauconite and sand, and abundant fossils. Domi-
nant fossils include foraminifera, mollusks, echi-
noids, bryozoans, and corals. The large foraminifera
are dominated by species of Lepidocyclina, Oper-
culinoides and Asterocyclina. The upper facies is
similar, except that glauconite is rare and chert is
more common,

In the northern part of Bay County, thicknesses
are less than 200 ft, the Ocala being over 300 ft below
sea level. Inthe southern part of Bay County, the top
of the Ocala dips to approximately 800 ft below sea
level and attains a thickness of over 400 ft. The dip
and thickness, therefore, increases in a nearly due-
south direction.

c. Oligocene Series. The Oligocene series
consists of two formations, the Marianna Limestone
and the Suwannee Limestone. Originally named by
Matson and Clapp (1909), the Marianna Limestone
was described as a soft, porous, light-gray to white
limestone at Marianna, Jackson County, Florida.
Marianna Limestone is exposed at the surface of the
ground along a narrow, neary east-west band
through Marianna, Florida. In Holmes County, the
outcrop belt turns to the north and the strike changes
to northwest-southeast as it crosses the Alabama
state line.
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From the outcrop area in Holmes and Jackson
Counties, Marianna Limestone dips gently toward
the gulf coast (Vernon 1942; Moore 1955; Schmidt
and Coe 1978) at approximately 11to 13 ft/mi. its dip
into southern Bay County is estimated to increase
slightly to perhaps 15 or 16 f/mi. The thickness is
generally uniform in Jackson, Holmes and
Washington Counties, and probably increases
slightly in Bay County.

The name Suwannee Limestone was first used
by Cooke and Mansfield (1936) to describe expo-
sures of a hard crystalline yellowish limestone visible
on the Suwannee River between Ellaville (Suwan-
nee County) and White Springs (Hamilton County).
Later, Vernon (1942), Cooke (1945), Moore (1955),
and Reves (1961) established the formation’s pres-
ence in the Florida Panhandie. The outcrop belt in
the north-central Panhandle parallels that of the
Marianna Limestone. Ingeneral, it canbe described
as a tan to buff-colored dolomitic and sometimes
clayey limestone. In some areas, the Suwannee is
predominately dolomitic.

d. Miocene and Pliocene Series. These series
have been divided into at least 4 stages and 15
formations, ranging from the Early Miocene Tampa
Stage to the Late Pliocene Miccosukee and
Citronelle Formations.

Puri and Vernon (1964) defined the Tampa
Stage (Lower Miocene) as comprising the Chatta-
hoochee Formation and the St. Marks Formation.
They included type-locality descriptions for both
formations, but did not attempt to map their areal
extent. Since 1964, several publications have re-
ported on the geology of various areas throughout
the Florida Panhandle, and all have used Puri and
Vernon's nomenclature. Their description describes
the St. Marks facies downdip as calcareous, and the
Chattahoochee facies updip as silty.

From well cuttings in Bay County, the Tampa
Stage limestones canbe described as awhite to light
gray limestone with biogenic, micritic, and crystal
grain types, moderately indurated with a micrite
cement; minor amounts of quartz sand and a trace of
pyrite. Itoften has achalky appearance and contains
fossil remains of foraminifera, coral, and mollusks
(Schmidt and Clark 1980).
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The thickness of the Tampa Stage in Bay County
is variable. Along the northem part of the county it
ranges between 50 and 100 ft thick. The top of the
Tampa Stage dips from approximately sea level in
the northernpart of Bay County to nearly 500 ft below
sea level at the extreme southeastern corner of the
county. The Tampa stage is entirely subsurface in
Bay County. Banks and Hunter (1973) reported on
post-Tampa, pre-Chipola sediments in the eastern
Florida Panhandle. They called the clays, sands,
and shell beds found in Liberty, Gadsden, Leon, and
Wakulla Counties the Torreya Formation. The stra-
tigraphic position of the Torreya was determined by
the presence of Miogypsinida (a toraminiferan ge-
nus).

Gardner (1926) named the Alum Bluff Group to
include Chipola, Oak Grove, and Shoal River beds.
Cooke (1945) then divided the Alum Bluff Group into
three formations: the Hawthorn (east of the
Apalachicola River), the Chipola, and the Shoal
River (both west of the Apalachicola River). Puri
(1953), added the Oak Grove of Gardner (1926) to
Cooke’s three formations and called them all facies
ofthe Alum Bluff Stage (Middle Miocene). Later, Puri
and Vernon (1964) included in the Alum Bluff Stage
the Shoal River, Oak Grove, Chipola, and Hawthorn
Formations and added the Pensacola Clay, Course
Clastics, and Fort Preston Formations.

Huddleston (1976) redefined the marine depo-
sits of the central Florida Panhandle. He includedin
the Alum Biuff Group five formations: the Chipola
Formation, the Oak Grove Sand, the Shoal River
Formation, the Choctawhatchee Formation, and the
Jackson Bluff Formation. The main mass of the
Alum Bluff Group was considered by Huddleston to
be restricted to the eastern margin of the Gulif Coast
Basin and to the vicinity of the Chattahoochee Arch.
Planktonic foraminifera were used by Huddleston to
establish the time of deposition of the deposits. He
reported the Chipola Formation to be Early Miocene,
the Oak Grove Sand and part of the Shoal River
Formation to be Middle Miocene, the Choc-
tawhatchee Formation of Late Miocene Age, and the
Jackson Bluff Formation to be Pliocene in age.

The Chipola Formation was described by Puri
and Vernon (1964) in the area of its type-locality as
a blue-gray to yellowish-brown highly fossiliferous
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marl studded with molluscan shells. This marly
facies only exists in the vicinity of the Chipola and
Apalachicola Rivers. Further west, Cooke (1945)
described two other facies: a sandy limestone which
he said is mostly subsurface, and a light-colored
coarse sandy facies that contains clay.

The lithology of the Chipola varies slightly
throughout its extent in Bay County; however, itcan
be summarized as a very light orange sandy lime-
stone, with crystal, micrite and pellet graintypes, fine
to coarse grain size, a spamy calcite and micrite
cement, with foraminifera, mollusks, coral and
bryozoans. lIts induration, porosity, sand content,
and occasionally the presence of argillaceous mate-
rial, are the common lithologic variables.

The Chipola is distinguishable from the under-
lying Tampa sediments inthat the Tampa is general-
ly a pure white limestone with relatively few fossils.
The Chipola is distinguished from the Bruce Creek
again by the latter being a purer limestone. This
distinction is a subtle one and often difficult to iden-

tify.

The Tampa and Chipola sediments become
indistinguishable from the Bruce Creek Limestone
downdip. The Chipola Formation along the Wash-
ington County line appears to strike aimost east-
west and maintains a thickness of about 50 ft. The
top of the formation dips along the strike from near
sea level east of the Econfina Creek to about 150 ft
below sea level near East River, a dip of about 5 ft/
mile. Gardner (1926) reported on a comprehensive
study of the molluscan fauna of the Alum Bluff Group
from a number of outcrops in the Florida Panhandle.
In 1965 Vokes suggested, as indicated by the Murici-
nae (Mollusca: Gastropoda), that the formation
might be equivalent to the Helvetian of Europe (lower
Middle Miocene). The benthic foraminifera of the
Chipola Formation were described by Cushman
(1920), Cushman and Ponton (1932), and Puri
(1953). Puri's report also included a list of identified
ostracod species. Planktonic foraminifera were
described by Gibson (1967), Akers (1972), and
Huddleston (1976). In addition to foraminifera,
Akers (1972) discovered the presence of some cal-
careous nannofossils in the Chipola material. Coral
species fromthe Chipola were reported by Vaughan
(1919) and Weisbord (1971). Finally, Bender (1971)
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dated corals from the Chipola using the He/U radio-
metric age. He placed a concordant age of 14-18
million years on ten of the samples. This would put
the Chipolainthe early Middle Miocene or late Lower
Miocene.

The Bruce Creek Limestone was named by
Huddlestonin 1976. Heincludeditinagroup of three
formations he mapped in coastal Walton County.
The three formations, in ascending order, are the
Bruce Creek Limestone, the St. Joe Limestone, and
the Intracoastal Limestone. Huddleston placed
these three formations in the Coastal Group, which
he explained was a new name for Alum Buff equiva-
lent carbonate units that underlie the coastal area of
Walton County and vicinity.

The Coastal Group is recognized by Huddleston
as far west as Niceville in Okaloosa County, and as
far east as Carrabelle in Franklin County. He further
states that it is not present in southern Washington
County, or at Alum Bluff in Liberty County.

This formation has been identified previously as
a limestone facies of the Chipola Formation (Gard-
ner 1926, Cooke and Mossom 1929). Limestones of
similar description were reported by Cooke and
Mossom (1929) in southwestern Washington
County in the vicinity of the Choctawhatchee River.
Samples from the type outcrop on Bruce Creek in
Waiton County can be correlated lithologically with
cuttings and cores from areas in Bay County. Only
two lithologic types within the group can be recog-
nized. The two types consist of well-consolidated
white to light gray limestone, overlain by a poorly
consolidated argillaceous abundantly microfossilif-
erous limestone.

Iin Bay County, the Bruce Creek Limestone is a
white to light yellow-gray moderately indurated
granular to calcarenitic limestone. It may containup
to 20% quartz sand, with common minor accessories
being phosphorite, glauconite, and pyrite. In some
locations, sparry calcite or dolomite is present. ltis
commonly cemented by micrite and becomes less
indurated toward the east. The Bruce Creek Lime-
stone is dominated by macrofossils, but microfossils
including planktonic and benthic foraminifera, ostra-
cods, bryozoans, and calcareous nannofossils are
also present.
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The Bruce Creek Limestone is overlain in Bay
County by the Intracoastal Formation orthe Jackson
Bluff Formation. It is distinguished from the Intra-
coastal unit by containing less sand, clay, and phos-
phate. Itis also much more indurated and crystalline.
The Bruce Creek Limestone also contrasts in color
with a white to light yellow-gray being easily distin-
guished from the olive to gray green color of the
Intracoastal Formation. Lastly, the Bruce Creek
Limestone is less fossiliferous than the Intracoastal
Formation with its abundant fossils. In northern Bay
County, the Bruce Creek Limestone is sometimes
overlain by the Jackson Bluff Formation, which is
much less indurated and contains largerquantities of
sand and clay. The Jackson Bluff Formation essen-
tially is an olive-green shell marl, which is easily
distinguished from the white, crystalline to micritic
Bruce Creek Limestone.

The Bruce Creek Limestone extends westward
across southern Walton County and is thought to
lose its identity somewhere in Okaloosa County. To
the east, it has been identified in a core on St. Joe
Spit in Gulf County and in a core near Dead Lake in
Calhoun County. The Bruce Creek Limestone is a
very low-angle, wedge-shaped deposit reaching a
maximum thickness along the guif coast of about
300 ft. Planktonic foraminifera place the Bruce
Creek Formation in the Middle Miocene (Huddleston
1976).

Sediments of the Choctawhatchee Stage in the
Florida Panhandle are exposed in a narrow band
extending from 20 mi west of Tallahassee, L.eon
County, northwest to DeFuniak Springs, Walton
County, a distance of about 80 mi. The exposed
sediments are tan, orange-brown, or gray-green
sandy clays, clayey sands, and shell marls. The
outcrops generally are poorly exposed and small.
True stratigraphic relationships are poorly under-
stood (Puri and Vernon 1964, Rainwater 1964,
Waller 1969, Akers 1972, Huddleston 1976).

The Intracoastal Formation describes the body
of sediments whichwas called the Intracoastal Lime-
stone and St. Joe Limestone in Walton, Bay, Oka-
loosa, Calhoun, Gulf, and Franklin Counties (Hud-
dleston 1976). The Intracoastal Formation in Bay
County is a low-angle, wedge-shaped deposit up to
240 ft thick and occurring principally along the coast.
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It thins and rises to the north, and extends westward
into southern Okaloosa County. The upper part of
the Intracoastal Formation, although predominantly
a quartz sand, can easily be distinguished from the
Pliocene to Recent sand because it contains phos-
phorite, poorly consolidated limestone, and foram-
inifera.

The Hawthorne Formation exhibits a wide range
of lithotypes in the Panhandle, including shallow
marine carbonates, restricted lagoonal clays, and
possible prodelta clastics. Thought to be middle
Miocene in age, it underlies most of the surface
outcropping sediments of the Tallahassee Red Hills
inthe Panhandle. Itsinfluence onplants and animals
is confined, therefore, to the lower slopes of ravines
where it has been exposed by gully erosion. It is
most common in central Florida where it was de-
scribed.

The Jackson Bluff Formation is found through
most of the central and southern parts of the Pan-
handle. Its outcrop pattern is a narrow belt extend-
ing from southern Washington County eastward to
the Jackson Bluff area of Leon County. From there
the outcrop belt apparently turns southwest where
exposures occur in the vicinity of Crawfordville in
Wakulla County (Banks and Hunter 1973, Hud-
dleston 1976).

The Jackson Bluff Formation along the lower
Ochlockonee River consists of three clayey, sandy
shellbeds, differentiated onthe basis of lithology and
mollusks. In Bay County the Jackson Bluff Forma-
tion is a calcareous sandy clay to clayey sand con-
taining large quantities of mollusk shells. Along the
coast in the vicinity of Bay County the Jackson Bluff
Formation is underlain by the Intracoastal Forma-
tion. The limestone portions of the Jackson Bluff
Formation has more mollusks and is betterindurated
than the Intracoastal Formation. In color, the
Jackson Bluff limestones are light grays in contrast
to the olive-greento buff color of the Intracoastal For-
mation (Schmidt and Clark 1980). Overlying the
Jackson Bluff Formation is the Pliocene to Recent
Sand Unit, which is readily distinguished from the
Jackson Bluff Formation by having no limestones,
very little clay, and almost no fossils. Studies of the
planktonic foraminifera of the Jackson Bluff Forma-
tion place its age as Late Pliocene (Akers 1972,
Huddleston 1976).
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The Miccosukee Formation is a series of silts,
sands, clays, and gravels that were deposited as
deltaic and fluvial sediments. It outcrops in the
Tallahassee Red Hills beginning about the Ochlock-
onee River (eastern margin of the Panhandle as we
have defined it), and is common eastward through
the Northern Highlands and Central Highlands of
peninsular Florida at the highest elevations.
Thought to be Late Pliocene in age, it may be
contemporaneous with the Citronelle Formation of
the Panhandle. Most of its physical and chemical
properties that affect plants and animals are the
same as those of the Citronelle Formation.

The Citronelle Formationis composed of prodel-
taic, deltaic, and fluvial deposits of sands, clays, and
gravels. These clastics appear to have been depos-
ited contemporaneously with the Miccosukee For-
mation, but are geographically separated from it.
The Citronelle deposits outcrop across the Northern
Highlands from Gadsden County and Liberty County
on the east to Escambia County on the west. They
range inthickness from a few tens of ftinthe western
Tallahassee Red Hills to hundreds of ft in the West-
ern Highlands. In the Gulf Coastal Lowlands, the
Citronelle Formation thins toward the coast, and is
overlain by terrace sands and other Pleistocene and
Recent deposits.

Clays and silts in the Citronelle Formation give
soils derived from it their loamy character. The water
retaining capacity of these soils make them better
suited for a wide range of plants, such as the rich
groundcover flora of grasses and forbs in the long-
leaf clayhill community. These soils are more nutri-
ent rich from inorganic mineral leachates than the
pure quartz sands of sandhills.

The high clay and silt content of the Citronelle
Formation facilitates surface erosion by allowing
excessive rainwater to runoff over the surface of the
ground. Because of this and the generally higher
elevations reached inthe Panhandle by the Northern
Highlands, landforms underlain by the Citronelle at
the surface are highly gullied. The topographic reliet
of the Northern Highlands is due, primarily, to this
erosion. The ravine valleys provide many of the
lower valley slopes that are naturally protected from
fire, allowing mesic hardwoods communities to
develop on them. Many animals and plants are
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maintained in the fire-protected ravines, and accom-
modated by the higher humidity of ravines.

e. Pleistocene to Recent. The relatively short
period of the Pleistocene (2.0 million years) wit-
nessed several drastic fluctuations in sea level.
These were brought on by climate changes that
caused water in the oceans of the world to accumu-
late in continentalice sheets and extensive montane
glaciers. Asthe glaciers grew, ocean levels dropped
to as much as 300400 ft lower than the present sea
level. Duringwarm interglacial periods oceanwaters
rose, but probably did not exceed present sea level
until the past 10,000 years (end of the Pleistocene).
Evidence fromthe two lowerterraces, the Silver Bluff
(1-10 ft) and the Pamlico (8—25 ft), indicate that two
stands of the sea slightly higher than present may
have lasted for short periods of time before the
present sea level was established only about 6,000
years ago.

As a result of these post-Pleistocene fluctua-
tions, coastal regions of the Panhandle less than
about 25-35 ft above sea level have experienced a
complicated history of erosion, deposition, and re-
working of sediments from the actionof rainfall, wind,
and waves. Dunes, bars, spits, beach ridges, and
other coastal features were stranded inland as sea
level receded. Some of these are delineated on the
physiographic map of the Panhandle (Figure 5).

The consequences of sea level fluctuations
during the Pleistocene had little effect upon the
present exposed land surfaces of the Panhandle
above the two terraces just mentioned. This is
because once the ocean withdrew from the higher
terraces it never retumed. The surface of the Pan-
handle above the Pamlico terrace was exposed to
erosion and colonization by plants and animals just
as this area is today. Pleistocene sea level fluctua-
tions had their greatest effects, however, on the
lands that today are submerged under the ocean.
During lowered levels of the ocean surface much of
the present sea tloor was exposed to the air and to
colonization by terrestrial plants and animals. Dur-
ing the Pleistocene the acreage of the Panhandle in-
creased by a factor of 1 1/2 to 2 times by newly
emerged Continental Shelf that was annexed to the
present coastline.
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The present-day coastline is marked by beach
ridges, barrier islands, spits, lagoons, estuaries,
wave-cut cliffs, dunes, swales, sloughs, flats, and
other topographic features created by Recent
coastal processes. Beach ridges are marine in
origin, formed by wave swash, which pushes sand
up high as a berm adjacent to an existing beach,
effectively moving the beach to the seaward side of
the new sand berm, or beach ridge. This often
happens during certain types of storms. Beach
ridges usually occur side by side, as on St. Vincent
Island.

Dunes are of wind-blown origin and may as-
sume any shape or orientation. Drifting sand grains
become rounded and their surfaces are scratched or
frosted from abrasion by other sand grains. Dunes
can build up 30 ft or more on top of the beach ridges
they usually are perched on. Sand left on the beach
by wave swash dries out during high tide and is
subject to being moved up the dune face by the
proper winds. Two adjacent barrier islands of the
present coastline exemplify the complicated interac-
tions of wind, wave, sand supply, and offshore cur-
rents. St. George Island has increasingly large wind-
created dunes going east to west. Immediately west,
however, St. Vincent Island is entirely composed of
relatively low elevation, wave-created berms aligned
inparallel sets. Shellfragments are less common on
dunes than on beach ridges because they are less
amenable to transport by wind than by water. The
size of the grains, the lack of a carbonate adhesive
leached from shells, and the rounded surface of
grains allows dunes to be eroded or reworked more
easily than beach ridges. Furthermore, the water
holding capacity of dunes is much less than that of
beach ridges, and dunes provide severely xeric soils
forplants. This is true of the actively forming dunes
along the present coastline as well as the ancient
dunes and dunefields stranded far inland at the edge
of ancient stands of the sea.

Barrier islands that have formed in the past
6,000 years or so are common along the coast of the
Panhandle. These generally are parallelto the coast
and consist of series of beachridges, dunes, swales,
interdune flats, and sloughs. Eastto west, these are
Dog, St. George, St. Vincent, and Santa Rosa Is-
lands. Barrier spits form in similar fashion to barrier
islands, but are connected to the mainland at one of
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their ends. East to west, they are Alligator Spit,
Indian Peninsula, St. Joseph Spit, Crooked Island,
Shell Island (once a spit, broken by dredging), and
Perdido Key. A lagoon is the brackish water bay
(also called an estuary) between barrier islands or
spits, and the mainland. Panhandle Florida is abun-
dantly endowed with brackishwater lagoons, provid-
ing important habitat for sea birds and ocean fisher-
ies. Big Lagoon, Santa Rosa Sound, St. Andrew
Sound, and St. George Sound are among the largest
of these.

The plants and animals of Panhandle Florida
have contactwith and are influenced by the soils they
are rooted in, or live on, or burrow into. Most of the
soils of the Panhandle are of Pleistocene to Recent
age, and are presently actively being formed, re-
worked, and reformed by the action of rainwater.
Only on hardrock limestone outcrops such as those
along the Chipola, Apalachicola, Ochlockonee,
Sopchoppy Rivers or at various other places such as
Falling Waters State Park do older sediments di-
rectly influence animals and plants as a physical
substrate. Sediments older than the Pleistocene
also are exposed on ridge slopes and hogbacks of
the Northern Highlands that are under active gullying
(so that the parent Miccosukee or Citronelle Forma-
tions are exposed). On the surface of lower slopes,
and especially in the bottoms of streams, rivers, flats,
anddepressions, the sediments are of Recent origin.

Pleistocene and Recent sands and organic
deposits are the main surface sediments of the
Panhandle south of Cody Scarp. These occur in
thicknesses of a few inches to dozens of feet. They
are residual, leached, and reworked sediments from
older deposits.

2.4 Physiography

2.4.1 The Northern Highlands

The Northern Highlands (Figure 5) extend
across the Panhandle from the big bend region on
the east to Alabama on the west. To the north, they
extend into Georgia and Alabama along the entire
length of the northern boundary of Florida. The
almost continuous highland is parted by the larger
stream valleys, several of which form a large low
areacalledthe Marianna Lowlands (see below). The
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marginal slopes of the Northern Highlands are well
drained by dendritic streams but the tops are gently
sloping plateaus.

The Northern Highlands are limited on the south
by the Cody Scarp which extends regionally through
the East Gulf and Atlantic Coastal Plains (Doering
1960). This outfacing scarp is the most persistent
topographic break in the State. Its continuity is
unbroken except by the valleys of major streams, but
its definition is variable. In many places, it can be
delineated with unequivocal sharpness;in others itis
shown only by a gradual reduction of average
elevation, and a general flattening of terrain as the
lower elevations are reached (Puri and Vernon
1964).

The significant subdivisions of the Northern
Highlands include the Western Highlands, Grand
Ridge, New Hope Ridge, Washington County outli-
ers (Knox Hill), and the Tallahassee Red Hills (Fig-
ure 5).

The Western Highlands is a belt of high, rolling
hills that stretch between Escambia County on the
west and Holmes and Walton Counties on the east.
The soils are derived fromthe undifferentiated sands
andclayey sands of the Citronelle Formation, provid-
ing dry conditions on the upland slopes and ridge
crests. Downslope it is common to find seepage
water emerging from gentle slopes, resulting in
wetland communities called hillside seepage bogs
(Clewell 1971, Wharton et al. 1976, Means and
Moler 1979). At the eastermn end of the Western
Highlands in Holmes and Walton Counties, low, wet
karst depressions resulting from solution subsi-
dence of the underlying Tertiary limestones are
common. From Okaloosa County westward, how-
ever, subsurface solution activity is not recogniz-
able. The highest elevations in Florida occur in the
Western Highlands southeast of the border town of
Florala, Alabama, north of Walton County.

Grand Ridge and New Hope Ridge (Figure 5)
are two fragments of the Northern Highlands that
have been isolated between the Western Highlands
and the Tallahassee Red Hilils by the Choctaw-
hatchee, Chipola, and Apalachicola river valleys.
Grand Ridge has little that is distinctive biologically,
but it does contain Ocheesee Pond, one of the larger
lakes of the Panhandle and a remnant wetland

formed in an ancient, abandoned bed of the
Apalachicola River. The Holmes Valley Escarpment
borders the northern edge of New Hope Ridge, and
holds promise for interesting biological exploration in

" the future. North facing slopes in the Panhandle
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often harbor northern relicts.

The high remnant hills of Washington County —
Orange, Rock, High, Oak, and Falling Water —
indicate that the Northern Highlands were once
continuous and that the Western Highlands, New
Hope Ridge, Grand Ridge, and Tallahassee Red
Hills were connected.

The Tallahassee Red Hills are a heterogeneous
mix of rolling topography that sweeps south fromthe
Georgia State line to Cody Scarp, and runs from the
Apalachicola River on the west to the Suwannee
River basin on the east. We have defined the
eastern margin of the Panhandle as lying along the
bed of the Ochlockonee River because a strong
change occurs here in the underlying geology and
surface physiography. East of the Ochlockonee
River, the Tallahassee Red Hills lie in the Florida Big
Bend, and the surface of the landform there is
dominated by subsurface limestone solution. Large,
solution subsidence basins dot the landscape and
contain large lakes such as Lakes Jackson, lamonia,
Miccosukee, and Lafayette, and a host of smaller
lakes and swamps. West of the Ochlockonee River,
inthe Panhandle, the rolling relief of the Tallahassee
Red Hills is caused primarily by surface runoff. The
terrain in this area is more relieved than any other
area in Florida because of short tributaries incising
the hills. In addition to the the deep stream valleys,
orravines, there are high (>200 ft) bluffs overlooking
the Apalachicola River on the east.

2.4.2 The Marianna Lowlands

The Marianna Lowlands in Holmes, Washing-
ton, and Jackson Counties cover a rectangular area
of approximately 30 x 64 miand extend into Alabama
and Georgia along the principal streams. They are
bounded on the west by the Western Highlands, on
the southeast by Grand Ridge, and on the south by
New Hope Ridge. Because of the abandoned val-
leys and stranded alluvial deposits, it is believed that
Marianna Lowlands were generally developed along
the valleys of the Apalachicola, Chattahoochee,
Chipola and Choctawhatchee Rivers.
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The land surface is well drained and has a well
developed dendritic stream pattern. Itis pocked by
sinks interspersed with rolling hills and abruptridges.
The ridges are bounded by stream channels or by
sink rims. Broad, shallow basins are generally
present, some filled by water. The Marianna Low-
lands possess Florida’'s most extensive system of
air-filled cavern passageways, and the only ones in
the Panhandle. The calcium-rich soils that develop
on top of the limestone are often moist and rich in
nutrients.

2.4.3 The Gulf Coastal Lowlands

The Gulf Coastal Lowlands physiographic reg-
ion extends inland to its contact with the Northern
Highlands along Cody Scarp (Figure 5). Itis contin-
uous from southern Escambia County onthe west to
Wakulla and southern Leon Counties on the east.
The Gulf Coastal Lowlands are generally low in
elevation and poorly drained on the east, but rise to
form a high, sandy, well-drained plateau whose
southern margin is a wave-cut escarpment west of
Walton County. Coastalterraces characterize many
of the landforms of the Gulf Coastal Lowlands and
their low scarps form the boundaries between them.

The Gulf Coastal Lowlands are at least as di-
verse physiographically andbiologically fromwest to
east as are the Northern Highlands. Puriand Vemon
(1964) listed nine subdivisions and there may be
more. Immediately adjacent to the coast, the Gulf
Coastal Lowlands are composed of barrier islands,
lagoons, estuaries, coastal ridges, sand dune
ridges, and relict spits and bars, with intervening
coast-parallel valleys. Inland, northern Bay, south-
ern Washington, and western Calhoun Counties
have well developed karst ponds and lakes.

Greenhead Slope is a massive sand deposit that
is pocked by circular depressions and round lakes.
Aside from the limestone-dominated Marianna
Lowlands, Greenhead Slope is the only other land
area of the Panhandle exhibiting extensive karst
features. It possesses a few steepheads, some
draining into Econfina Creek and others into karst
depressions.

Beacon Slope east of the Apalachicola River
has more steepheads developed in it than any other
part of the Panhandie, although by sheer volume of
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flow some on Eglin Air Force Base are larger. Be-
cause Beacon Slope is immediately adjacent to and
belowthe welldeveloped Apalachicolaravinesinthe
Tallahassee Red Hills, the steephead ravines of
Beacon Slope support most of the same endemic
and relict species that are found just north.

Beacon Slope, Fountain Slope, Greenhead
Slope, and the massive sand deposit in southern
Santa Rosa, Okaloosa, and Walton Counties may all
be ancient coastal sand deposits formed contempo-
raneously during the Pliocene when the sea stood
near Cody Scarp. Today they are stranded inland by
lower sea level, but it is significant that each feature
contains numerous steepheads and endemic plants
and animals that may have evolved on each feature
during the long period when each was part of a
developing barrier island-lagoon set.

Relict bars and spits are common in Gulf, Lib-
erty, and Franklin Counties. In fact, ancient bird's-
foot deltas can be traced on the land surface on both
sides of the lower Apalachicola River. Moreover, this
part of the Gulf Coastal Lowlands is biologically so
distinctive that it probably deserves its own physi-
ographic rank. At least 15 races and species, and
one genus of plants and animals have their distribu-
tions centered on the lower Apalachicola valley
(Means 1977). Many unique, silt-bottomed savan-
nas and cypress wetlands occur here, andthe region
beckons for further exploration.

2.5 Regional Marine Geology

Two regional geologic features control the
coastal configuration of the Florida Panhandle: the
Apalachicola or Southwest Georgia embayment and
the Chattahoochee arch (Figure 3) (Schnable 1966).
The Apalachicola embayment is a shallow basin
(syncline) situated between the Ocala and Chattah-
oochee uplifts. It is located where the east-west
strike of the coastal element changes to approxi-
mately north-south in southwestern Georgia and
northemn Florida (Murray 1961). The Apalachicola
delta lies near the center of the embayment. The
thickness of the Pleistocene and Miocene sediments
inthe eastern portion of the area reflect the influence
of the Ocala uplift as a structural high (Schnable and
Goodell 1968).
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The thickness of the tertiary sediments in the
northeastern Gulf of Mexico is substantially less than
those of the northwestern and north central gulf
(Vause 1959). This is probably a result of the
Apalachicola delta region lying further from the main
axis of the Gulf Coast Geosyncline than most coastal
areas to the west and as a result being more stable
and structurally less complex (Schnable 1966).
Pleistocene to Recent sediment thicknesses along
the present coast vary from less than 3 m in the
easternmost portion of the Panhandile to 36 min the
westernmost part (Figure 6) (Schnable 1966).

Several investigators have examined the off-
shore sediments in the region (Lapinski 1957, Milton
1958, Chen 1978). West of Ochlockonee Bay, the
Apalachicola and Ochlockonee Rivers supply allu-
vium downdrift for a system of barrier islands (Dog
Island, St. George Island, and St. Vincent iIsland),
beaches, spits, and bars. The Ochlockonee and
Apalachicola are the eastern most rivers carrying
appreciable amounts of detrital and mineral matterto
the gulf. The region from the western end of St.
George Island to the Ochlockonee Bay is classified
as alow-energy area (Figure 7) (Tanner 1960b). The
sediment from alluvial and shelf sources is mostly
lost to coastal deposition west of St. Joseph Bay
where the 25-m depth contour approaches the
nearshore region and funnels material from the
westward drift out into deeper water (Stout 1984).
Further west, Santa Rosa Island receives sediment
downdrift from Choctawhatchee Bay and sands from
the Continental Shelf (Kwan 1969).

Most of the fine-grained sediment carried by the
Apalachicola and Ochlockonee Rivers is contained
within the estuaries (Kofoed and Gorsline 1963).
Kofoed (1961) and Schnable and Goodell (1968)
concluded that no significant quartz sand was being
suppliedtothe littoral drift system outside the barrier-
island chain. They contended that the “large volume
of sand composing the barrier islands and offshore
shoals can have been supplied only during lower
sea-level stands.” There has been extensive beach
erosion on the spits and barrier islands in recent time
in this area of supposed excess sediment (Wamke
1967). Clearevidence for erosion are tree stumps in
the water on the beaches near East Point in the
Apalachicola system and on St. George Island.
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The littoral drift, or longshore sand transport,
along the Panhandle coast has been described by
Tanner (1964), Bruno (1971), and Walton (1976).
Figure 8 gives a view of littoral drift along a portion of
the Panhand!e from Cape San Blas in Guif County to
the western border of Okaloosa County. From the
western end of the Panhandle toward Bay County,
the shoreline becomes concave. This natural con-
cavity is broken by St. Joseph Bay. The area from
Panama City west to East Pass is presently under-
going erosion. Inrecent geologictimes this areamay
have been a source of sand for areas to the west
(Walton 1976). In contrast, the shoreline from East
Pass (St. Andrew Bay system, Bay County) to Per-
dido Pass may have been an area of accretion
(Santa Rosa Island is evidence) in recent geologic
times, though Santa Rosa Island is now in a state of
equilibrium.

There are no true barrier islands present in the
region west of St. Joseph Bay to Destin (Tanner
1960b). Moderate-energy waves form the gulf front
beaches. From Panama City Beach to Destin the
shoreline is a mainland beach (Gorsline 1966). For
approximately 85 km the beach is unbroken, with
only small streams interrupting the continuity. Asso-
ciated with the larger streams are small brackish-
water bays. A wide recent beach abuts a prominent
bluff 6-10 m high. The present coast is relatively
stable.

From Choctawhatchee Bay Pass westward to
the Alabama border, a series of narrow barrier is-
lands border the mainland. Santa Rosa Island is
nearly 81 km long and is not more than 0.7 km wide.
It represents the largest unbroken stretch of beach in
the eastern Gulf (Brooks 1973). The beach is com-
posed of pure white quartz sand (median diameter
approximately 0.25 mm). During heavy storms there
is local washover across the island. There is
extensive dune development on the eastern fifth of
the island.

Near the western end of the island salt marsh
peat is exposed on the foreshore. The foreshore
slope is relatively steep (approximately 9°—10°) so
that the 15-m depth contour comes within 0.6—0.8
km of the shoreline. Because of this steep ramp, the
area has recorded some of the highest waves in the
northeast Gulf of Mexico (Gorsline 1966, Brooks
1973).
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The northeastern Gulf of Mexico is not as tec-
tonically active as areas to the west. The Apalach-
icola delta region has been a relatively stable area
since at least Pamlico (Sangamon — the last glacial
recession) time (Schnable 1966).

There are two prominent offshore morphological
features present in the eastern portion of the Pan-
handle region: the two large shoal areas off Cape
San Blas/Cape St. George (Stauble 1971) and the
submarine sand bodies in the nearshore gulf off
Choctawhatchee Bay (Figure 9; Hyne and Goodell
1967). The two broad shoals extend nearly 16 km
into the gulf and are characterized by a series of

broad ridges and troughs. Mean grain size of the
quartz sand increases seaward from the beach and
therefore the sand inthese shoals is coarserthanthe
sand now being transported by the longshore drift
system (Schnable 1966). The present energy levels
along this coast are not sutficient to redistribute or
remove sand from the shoal areas or sand bodies
(Tanner 1961, 1964; Tanner et al. 1961). The outer
shoals have remained relatively unchanged for over
a century (Schnable 1966). The sands in these
offshore areas are relict and were probably originally
deposited at some early low stand of sea level.

Several mechanisms have been proposed to
explainthe origin of the shoals. Oneis a storm-surge
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Figure 9. Nearshore bottom topography off Choctawhatchee Bay showing sand body features (after

Hyne and Goodell 1967).
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phenomenon that formed the ridge and trough con-
figuration (Tanner 1960a). Others have proposed
that the shoals are drowned barriers, although the
sand has been extensively reworked. In addition,
the ridges of the shoals contain concentrations of
heavy minerals that may indicate a dune origin
(Schnable 1966).

An interesting discovery has been made in the
offshore waters south of Panama City Beach. Rem-
nants of an ancient forest are present at a depth of
approximately 18 m directly south of the beach and
in 6 to 15 m of water nearer the St. Andrew Bay
entrance (Lawrence 1974, Burgess 1977, Salsman
and Ciesluk 1978). The latter site is located beneath
sediments comprising the present-day barrier island
complex. The wood dates from 27,00 to 36,500
years old and is believed to be part of a large forest
that covered the area during a lower sea level stand.
The forest extends many kilometers south of the
present shoreline. The wood is mostly pine but
contains small amounts of hardwoods such as oak,
beech, hickory, and elm. This suggests the vegeta-
tion was very similar to present-day stands 32—48
km north of Panama City. The submerged forest
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further supports the contention that the present-day
beaches and islands are recent geologic features.

2.6 Local Marine Geology

The following sectionis a discussion of the origin
and geological aspects of the major bay systems
included in the Panhandle region.

2.6.1 Ochlockonee Bay

The Ochlockonee Bay represents a drowned
river valley that was cut during lower stands of sea
level in the Pleistocene. Bottom topography at the
mouth of the bay resembles adrowned delta withtwo
linear shoals on each side of the channel that may
represent an old river channel with natural levees on
each side. The “old” Ochlockonee River probably
had several routes to the gulf during the late Pleisto-
cene (Schnable 1966).

The stratigraphy of the nearby region is unique
in the Panhandle. The Miocene is very close to the
surface at the present coastline in the vicinity of
Turkey Point-St. Teresa (Figure 10). Fromthere the

Carrabelle St.Teresa
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NN
RECENT
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PLEISTOCENE — Upper Sequence

PLEISTOCENE - Lower Sequence

Depth in feet below MSL

160
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MIOCENE - Chipola?
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——————

Figure 10. Stratigraphy of coastal region from Cape San Blasto Ochlockonee Bay inthe eastern

Panhandle (after Schnable 1966).
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surface dips to the southwest and the Pleistocene-
Miocene contact is approximately 45 m below the
ocean floor off Cape San Blas.

2.6.2 Apalachicola Bay

During the Cretaceous period, the present
Apalachicola River system was submerged under
ancient seas (Tanner 1983). The origin of the
present Apalachicola River probably occurred some
time during the Miocene epoch (Livingston 1984).
The present structure of the bay is nearly 10,000
years old (Tanner 1983). The present barrier island
chain formation began approximately 5,000 years
ago when sea level reached its modern position. It
was at this time that the general configuration of the
bay was determined, except for the southward mi-
gration of the delta flat (Tanner 1983).

2.6.3 St. Joseph Bay

Stewart and Gorsline (1962) described the fol-
lowing sequence of events leading to the formation
of modern St. Joseph Bay:

(1) Following the last rise of sea level (approxi-
mately 5,000 years ago), a series of north-south
trending beach ridges was formed and an open
coast profile was established offshore. An even
older set of ridges was submerged and subjected to
marine degradation, resulting in the formation of a
shoal trending south-southwest from the mainland
through the Cape San Blas area.

(2) Alarge distributary of the Apalachicola River,
its course controlled by beach ridge development,
emerged about 8 km north of the present bay and
deposited a wedge of fine-grained material over the
terrace sediment. At approximately the same time,
gyral currents established by the presence of the
southern shoal initiated spit growth from the east.

(3) Rapid spit development segregated a large
portion of the older surface and prevented substan-
tial filling of the bypassed area. At this time, the
detrital supply from the distributary had ceased and
sand supplied by longshore drift and biologic carbon-
ate formed the major contribution.

(4) Development of stronger tidal currents in
recent times controlled spit growth and furnished a
mechanism for the transport of sand into the basins.
Sand has completely covered the fine-grained mate-
rial to the north. Under the lower energy conditions
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of the past lagoon, sand encroachment has been
slow and limited, and a large portion of the older
surface remains relatively unobscured.

Present-day sedimentation in the bay comes
from 2 dominant sources: the coastal transport of
clean quartz sand from the east and biological activ-
ity withinthe areaitself. Inthe absence of a substan-
tial amount of silt-size quartz particles, carbonate
tests and shell fragments increase in importance as
the applied energy of the environment decreases
southward in the lagoon. Residual gravels and
sands dominate a sizeable portion of the southern
slope of the bay that is removed from active deposi-
tion of detrital material (Figure 11).

Since the formation of the enclosing spit, a
reduced rate of deposition has preserved the bottom
contour in the central portion of the lagoon. The
depth and gradient closely approximate that of the
offshore slope (Stewart and Gorsline 1962). There
is a far larger accumulation of clay in the central bay
basin than can be accounted for by present minor
sources. This has led to the conclusion that these
fine sediments represent a relict surtace produced
by the discharge of an old distributary of the
Apalachicola River.

The sediments of the area are typical of those
from a Coastal Piain source. Small differences can
be attributed to attrition and loss in transport. Less
than 1% of the typical east gulf “kyanite-staurolite”
suite of heavy minerals is present. Kaolinite,
montmorillonite, and illinite are the clay minerals
present, with kaolinite dominating.

2.6.4 St. Andrew Bay System

The St. Andrew Bay system is a typical tidal
embayment. It appears that it was formed duringthe
last major rise in sea level (the Holocene transgres-
sion) that took place approximately 5,000 years ago.
As sea level rose and flooded the valley of a local
river system, ocean waves and longshore currents
built up abarrierbar across the mouth of the resulting
bay.

Uniform sediment ridges on the bottom of St.
Andrew Bay were documented by Salsman et al.
(1966). The ridges, composed of a fine sand, were
asymmetric, with steep slopes, 30 to 60 cm high,
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facing down current, and had 13 to 20 m wave-
lengths. The predominant flood tide caused themto
migrate northeastward at an average rate of 1.35cm
per day. The migration rate was very sensitive to
changes in current speed. Near the leading edge of
the ridge zone, where sand transport was primarily of
bed-load mode, each ridge passing a point left be-
hind an average 12 cm-thick sand layer.

Holmes and Goodell (1964) have reported on
the sediments in St. Andrew Bay.

2.6.5 Choctawhatchee Bay System

The region presently covered by the Choctaw-
hatchee Bay was as much as 92 m above sea level
during the Pleistocene epoch (Puri and Vernon
1964) and became gradually inundated by oceanic
waters in more recent times. As the Gulf of Mexico
approached its present level, a persistent westerly
drift of littoral sand created Moreno Point. This
barrier eventually isolated the bay from the gulf,
except for a narrow passage through the embay-
ment now known as Old Lagoon Pass. At times
before the formation and stabilization of East Pass,
Choctawhatchee Bay became a freshwater lake
when periodic shoaling closed the natural pass.

The land immediately adjacent to the bay is
composed of unfossiliferous sand and clay deposits
of Pleistocene and Tertiary age (Puri and Vernon
1964). Moreno Point is part of a massive sand ridge
described by Tanner (1964). Sand cliffs from2 to 4
m high make up the north shoreline of the bay. The
narrow Garnier and Rocky bayous in the northwest
corner of the bay have very steep shores, with sharp
slopes extending down to depths of more than 10 m.
This contrasts with the eastern end, which is marshy
due to poor drainage, and the western end, which is
composed of residual sand. Both of these ends are
relatively shallow, with low gradient slopes. The
bedrock limestone underlying Choctawhatchee Bay
is found at a depth of approximately 45 m (Tanner
1964). The recent sediments of the bay are describ-
ed by various authors (e.g., Postula 1967, Palacas et
al. 1968, 1972).

Goldsmith (1966) reported a large contrast in
condition between the present sedimentary environ-
ment and the one previously occupying the area. He
reported the following sequence of events leading to
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the formation of Choctawhatchee Bay.

(1) A sharp rise in sea level (7,000 to 20,000
years ago) inundated the Pieistocene River valleys,
from the coastal embayments that are presently the
bayous on the north side of the bay. Between 3,000
and 7,000 years ago, when the rate of sea-level rise
slowed, the westward longshore drift system began
toformMoreno Point, the eventual barrier spit. ltwas
not until sometime after 3,000 years ago that Moreno
Point eftectively closed off the bay.

(2) Isolation from the Gulf of Mexico had a pro-
found effect upon the sedimentary environment
within the bay, producing modifications in three fac-
tors that caused the sediments to undergo radical
alteration. Biologically, the present environment
lacks the prolific shell-producing organisms of the
past. Physically, the entrapment of fine material
brought by the Choctawhatchee River may have
brought on the decline of the formerly abundant and
diverse molluscan life of the bay. Finally, the
changes in both biological and physical conditions
caused modifications inthe physiochemical environ-
ment, as reflected in the low alkalinity and highly
reducing character of the surface sediments of the
bay.

Minor fluctuations in sea level within historical
times in Choctawhatchee Bay have been documen-
ted by the presence of submerged trees {approxi-
mately 0.5 m under water) next to emergent marsh
remnants (1 m above water) (Goldsmith 1966).
These features are located at about the middle of the
south shoreline of the bay. This change in water
level of the bay may be related in part to general
coastal subsidence determined by Marmer (1952)
from tidal observation.

Of historical note, farmers originally dug a ditch
across Santa Rosa Island that eventually became
the main Destin channel and resulted in major
changes in the depositional and erosional patterns
within the bay. The channel has since been main-
tained by the U.S. Army Corps of Engineers.

2.6.6 Pensacola Bay System

The recent sedimentology of the Pensacola Bay
system is a result of watershed erosion since the
Pleistocene epoch (Olinger et al. 1975). During the
Pleistocene, Citronelle deposits were reworked and
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intermixed with marine terrace sediments (Marsh
1966). These deposits are presently eroding. Pres-
ent-day sediments consist primarily of unconsoli-
dated sand, silts, and clays of the Coast Plain Prov-
ince that were deposited before the last sea-level
rise. This layer is underlain by a veneer of Pleisto-
cene terrace deposits that overlie tertiary beds of
sand, silt, and limestone (Figure 12). The Citronelle
Formation, the only formation with marine outcrops
in the region is composed of layers of sand, gravel,
iron-cemented sandstone, fossil woods, and kaolin-
ite (Marsh 1966).

Horvath (1968) described the recent sedimen-
tology of the Pensacola Bay system:

(1) Sediments enter into the system from two
sources: stream discharge from the surrounding
land, and wave and current action that bring them
into the bay from the Gulf.

(2) The Escambia Riverdischarges more coarse
material into the bay than do the other rivers.

(3) Sediment distribution reflects the bay’s circu-
lation pattern, consisting of strong north-flowing
currents along the eastern shores and south-flowing
currents near the western coasts.

(4) Sand-size sediment predominates with silt-
clay being the second most abundant.

(5) Grain size increases in every direction away
from the bay center.

(6) The main mineral constituents are quartz,
kaolinite, montmorillonite, and calcite.

(7) The Santa Rosa Sound is different from the
three bays in the Pensacola Bay system, with a
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coarser mean grain size and lower average silt-clay
content. Most of its sediments were probably de-
rived from offshore sources and are not of fluvial
origin.

2.7 Offshore (Outer Continental Shelf)
Oil and Gas Reserves

Recently, the development of the Outer Conti-
nental Shelf (OCS) oil and gas resources has been
a major concemn of coastal Panhandle residents. At
present, three offshore lease areas lie off the imme-
diate Panhandle coast (Figure 13): (1) the Pensa-
cola area; (2) the Destin Dome area, and; (3) the
Desoto Canyon area.

Since the early 1970’s, various oil companies
have maintained exploratory interest in these lease
areas. The Destin Anticline and the southwest
corner of the Pensacola area are believed the most
promising as hydrocarbon-producing areas (Figure
13). Eighteen exploratory wells have been drilled
within the Destin Dome area in the Smackover
geological formation, as of the summer of 1985. The
depths to which the wells were drilled, 5185-5795 m,
indicate natural gas may be a more likely yield than
oil. Thus far, the natural gas discovered in the
Smackover Formation in other regions has con-
tained hydrogen sulfide (said to be “sour”) that is
corrosive and must be subjected to more costly
processing than higher quality gas. Offshore oil
activities have the potential for many harmful im-
pacts to the nearshore coastal habitats. Some of
these are discussed in the chapters dealing with the
individual estuarine and marine habitats.
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GENERALIZED GEOLOGIGC GCOLUMN
OF FORMATIONS IN THE WESTERN FLORIDA PANHANDLE

"GRAPRIC
SECTION

SERIES FORMATION

PLE ISTOCENE T MARINE TERRACE DEPOSITS: Sand, light tan, fine to coarse

CITRONELLE FORMATION: Sand with lenses of clay and gravel.
Sand, light-yellowish-brown to reddish-brown, very fine
to very coarse and poorly sorted. Hardpan lavers in
upper part. Logs and carbonaceous zones present in
places. Fossils extremely scarce except near the coast
where shell beds may be the marine equivalent of the
fluvial facies of the Citronelle.

PLEISTOCENE (?)

MIOCENE COARSE CIASTICS: Fossiliferous sand with lenses of
clay and gravel. Sand is light-gray to light-brown,
very fine to very coarse and poorly sorted. Fossils
abundant, mostly minute mollusks. Contains a few zones
of carbonaceous material. Lower part of coarse clastics
present only in northern part of area, interfingering
with Pensacola Clay in the central part.

UPPER MIOCENE

PENSACOLA CLAY: Formation consists of an Upper Member
and Lower Member of dark-to-light-gray, tough, sandy
clav; separated by tne Escambia Sand Member of gray,
finé to coarse, quartz sand. Contains carbonized
plant fragments, and abundant mollusks and foramin-
ifers. Pensacola Clay is present only in southern
half of area, interfingering with the Miocene coarse
clastics in the central part.

UPPER MIDDLE TO

LOWER UPPER MIOCENE

1 1 CHICKASAWHAY LIMESTONE AND TAMPA FORMATION UNDIFFERENTIATED
LOWER MIQCENE AND 1 T T Tampa: Limestone, light-grayv to grayish-white, hard,

UPPER OLIGOCENE

with several beds of clay; Chickasawhay: Dolomitic

limestone, gray, vesicular,
q BUCATUNNA CLAY MEMBER OF BYRAM FORMATION: (Clay, dark-gray

MIDDLE OLIGOCENE

- soft, silty to sandv, foraminiferal, carbonaceous.
P OCALA GROUP: Limestone, light-gray to chalky-white foram-
UPPER EOCENE T T T inifers extremely abundant, esp. Lepidocyclina; corals,

echinoids, mollusks, bryozoans.

LISBON EQUIVALENT: Shaly limestone, dark-gray to grayish-
.cream; hard, compact; glauconitic; with thick intervals
of dense, light-gray shale.

MIDDLE EOCENE

TALLAHATTA FORMATION: Shale and silctstone, light-grav, hard,
with numerous interbeds of gray limestone and very fine

= — — to very coarse, pebbly sand. Foraminifers locally abun-
dant.

HATCHETIGBEE FORMATION: Clav, gray to dark-grav, micaceous,
siltv, with beds of glauconitic shale, siltstone, and
shaly limestone. Mollusks, foraminifers, corals, echin-
cids. Bashi Marl Member (about 10 feet thick) at base.

LOWER EOCENE

Figure 12. Generalized geologic column of formations in the western portions
of the Florida Panhandle (after Marsh 1966).
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Figure 13. OCS leases In the Pensacola and Destin Dome Blocks offshore from west Florida (Lynch
and Risotto 1985).
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Chapter 3. CLIMATE

3.1 Introduction

The Florida Panhandle experiences a mild,
subtropical climate as a result of its latitude (30°-31°
N) and the stabilizing effect of the adjacent Gulf of
Mexico (Bradley 1972). The waters of the gulf
moderate winter cold fronts by acting as a heat
source and minimize summer temperatures by pro-
ducing cooling sea breezes. This gulf influence is
strongest near the coast, weakening inland. Fairly
detailed long-term climatological summaries are
available for Apalachicola and Tallahassee. Though
Tallahassee lies a few miles outside the eastern
boundary of what we call the Panhandle, it is the
location of much data collection and will be used to
provide a more comprehensive report. More limited
data are also available for Pensacola and certain

ALABAMA

other Panhandle locations (Jordan 1973). The loca-
tions of NOAA climatological stations are shown in
Figure 14.

3.2 Climatological Features

3.2.1 Temperature

The annual average of the mean daily temper-
ature is in the upper 60’s Fahrenheit with mean
summer temperatures in the low 80’s and mean
winter temperatures in the low 50’s. Annual and
seasonal temperatures vary greatly (Figures 15 and
16) with summer highs generally in the low to mid
90’s with occurrences of 100 °F or higher infrequent.
The summer heat is tempered by sea breezes along
the coast and up to 50 km inland, as well as by the
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Figure 14. NOAA climatological station sites in the Florida Panhandle (after Wagner et al. 1984).
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cooling effect of frequent atternoonthundershowers.
Thundershowers occur on approximately half of the
days during summer and frequently cause 10 to 20
degree drops in temperature (Bradley 1972).

Winter temperatures are quite variable due to
the frequent passage of cold fronts. The colder of
these fronts are of Arctic origin and may bring mini-
mum temperatures ranging from 15 to 20 °F with
single-digit lows some years. Temperatures rarely
remain below freezing during the day and the cold
fronts generally last only 2-3 days. Temperatures in
the 60’s °F and sometimes 70’s °F often separate the
cold fronts. This weather pattern results in average
low temperatures in the mid 40’s °F during the
coldest months (mid-January through mid-March).

3.2.2 Rainfall

The Florida Panhandie has two peak rainfall
periods: a primary one during summer (June— Au-
gust) and a secondary one during late winter through
early spring (February—-April). Additionally, there
are two periods of low rainfall: a pronounced one
during October-November and a lesser one in
Apri-May (Figure 17). Average annual rainfall
across the Panhandle is near 152 cm, varying from
approximately 163 cm at the west end to about 142
cm at the east end (Figure 18). The dearth of
gauging stations in some Panhandle regions may

— Pensacola (1923-1980)
J— Tallahassee (1885-1980)
"""" Apalachicola (1879-1980)

Mean Rainfall

L) L L) L) L] L) 1 T L) Ll L LB
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 17. Seasonal rainfall variation at selected
sites In Florida Panhandle (data from U.S. Dept.

Commerce 1980a,b,c).

affect the accuracy of the isopleth placements in
these figures. The annual rainfall varies widely
(Figure 19), and the maximum recorded amount has
ranged from 73 cm at Pensacola in 1954 to 284 cm
at Wewabhitchka in 1966 (Wagner et al. 1984).

During rainy years the maximum rainfalltends to
occur near the coast; however, during dry years the
rainfall maximum occurs farther inland. Rainfall
patterns tend to be more consistent approximately
25-95 km inland (Jordan 1984). Rainfall gradients
are quite strong along some portions of the gulf
coast; annual totals are as much as 12-25 cm less
at stations very near the coastline than atthose afew
kilometers inland (Jordan 1973).

Studies of the distribution of summer rainfall,
based on weather radar observations at Apalach-
icola and with the results supponted by correspond-
ing studies at Tampa, showed that showers within
160 km of the radar installation were nearly as
frequent over the sea as over the land when aver-
aged over a 24-hour period (Smith 1970). This and
similar studies in south Florida (Frank et al. 1967)
found high numbers of showers over land in the
afternoon and low numbers in the early morning.
They found a minimum number over the sea in the
afternoon and a maximum during late night and early
morning, especially within 50 km of the coast.

Wheninterpreting the rainfall data, it is important
to note that the start and end of the rainy seasons
may vary by 6 or 7 weeks fromyearto year. As seen
in Table 1, the majority of thunderstorm activity
occurs during the summer.

Most of this summer rainfall occurs in the
afternoon in the form of often heavy local showers
and thunderstorms of short duration (1—2 hours) that
are on rare occasions during the spring
accompanied by hail. Summer rain which lasts for
longer periods is often associated with occasional
tropical disturbances. Winter rains are associated
with frontal systems and are generally of longer
duration than the summer rains, but are fewer in
number and have a slower rate of rainfall
accumulation. Hourly data taken at Tallahassee
beginning in the 1940’s through the 1970's
demonstrate the different diurnal patterns of the
summer and winter rains (Figure 20). Snowfall
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1984).

occurs at rare intervals across the Panhandle,
approximately 1 year in 10 for measurable falls, and
approximately 1 year in 3 for trace amounts (U.S.
Dept. of Commerce 1980a, 1980b, 1980c).

Despite large average annual rainfalls, droughts
occur (Figure 21). Even short periods of drought,
when combined with the reduced area of lakes and
wetlands and the low water table found during gen-
erally dry years, can cause extensive crop losses in
the agricultural areas, as well as increase damage
fromforestfires. Fires during extended droughts can
cause severe damage even in the longleaf pine
areas adapted to seasonal fires and result in the
burning of parched wetlands and other habitats
normally protected from fire. These areas, not
adapted to the normal periodic fires of the pine forest,
may recover very slowly (Means and Moler 1979).

3.2.3 Winds

a. Normal wind patterns. From March through
September, the Panhandle is under the western
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portion of the Bermuda high-pressure cell, which has
a general clockwise (anticyclonic) circulation of the
low-levelwinds (i.e., those measured at an altitude of
600-900 m) (Atkinson and Sadler 1970) (Figure 22).
The latitude at which the wind shifts from out of the
southeast to out of the southwest (the “ridgeline”™—
shown by the dashed lines in Figure 22) changes
substantially during spring and summer. During
October through February, a western anticyclonic
cell separates from the Bermuda anticyclone and
establishes itself in the Gulf of Mexico (Figure 22).
The center of the cell migrates somewhat as indi-
cated by the X’s, but generally results in low-level
winds from a westerly direction over the Panhandle.

These circulatory patterns indicate that the Pan-
handle is primarily influenced by tropical air masses
in the spring and summer and by continental (cold)
air masses during the fall and winter. The prevailing
winds in the Florida Panhandle are from a southerly
direction during the spring and summer (Figure 23).
Locally, wind directions may be determined by
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Table 1. Panhandle thunderstorm frequency statistics (Jordan 1973).

Percent of Percent of
Mean annual days thunderstorms thunderstorms
with thunderstorms  during June-Sept during Nov-Feb
Pensacola 65 65 12
Apalachicola 73 73 7
Tallahassee 79 70 6
12 20
; 0_' p———ar S . Tallahassee E ;&;iﬁ;z
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Figure 20. Percent of total daily rainfall during 25 32 28 41 37 19 O 19 68 34 26 28
Individual hours of the day at Tallahassee (after Longest dry period on record beginning in month indicated
Jordan 1984).
20
B 15-19 Days
Pensacola [J 20-24 Days
thunderhead formation and thunderstorms. Wind § Y n . |M>24Das )
direction changes with the passing of each cold front; s ;
most commonly these occur during the fall and 5
winter (September through March). As the front é
passes through, the wind, which normally blows out s
of a southerly direction, rapidly changes direction 2
with a clockwise progression ("clocks”) through the 5
west, then pauses out of the northwest quadrant for
approximately 1-3 days, blowing toward the front
receding to the south or southeast. After the front
has passed a sufficient distance to allow the “normal” 27 24 28 30 29 26 18 26 49 36 23 23
wind patterns to reassert themselves, the wind Longes: Dry Period On Record Beginning in Month indicated

finishes clocking through the east and back to the
south. The directional orientation of the front and the
direction from which the wind blows immediately
following its passage depends upon the origin of the
front; the winds are from the north for fronts of Arctic
and Canadian origin, from the west to northwest for
those of Pacific origin.

This cycle is sometimes interrupted by the ap-
proach of a new cold front closely following the first.

Figure 21. Occurrence of extended dry periods
at Tallahassee and Pensacola, 1950-80 [no day
over 0.25 cm] (after Jordan 1984).

As aresult, the most prevalent winds during Septem-
ber through February (the season of frontal pas-
sages) are out of the northern half of the compass
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Figure 22. Low-level (600-900 m) winds (from Atkinson and Sadler 1970).

(following the fronts) with less frequent and weaker
winds from the southern half of the compass (before
the fronts) (Figure 24). The annual average resultant
wind (i.e., the vector sum of the monthly wind speed
and direction) in the Panhandle is from the north.
This is due to the greater wind speeds that follow the
winter fronts than blow during the rest of the year. All
of these wind patterns are somewhat erratic due to
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convective forces inland and because of the result-
ing land- and sea-breeze mechanism nearthe coast.

The mean monthly wind strength is less in
summer months than during the fall, winter, and
spring (Figure 25). Since data for Pensacola were
unavailable, those for Mobile are included in the
figure. Inland stations exhibit somewhat lower
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Figure 23. Percentage of time wind blew from
different directions in Panhandle during spring
and summer, 1959-79 average (after Fernald
1981).

Tallahassee Pensacola

Fall (September-November)

A

N

Tallahassee Pensacola

Winter (December-February)

Figure 24. Percentage of time wind blew from
different directions in Panhandle during fall and
winter, 1959-79 average (after Fernald 1981).
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Figure 25. Seasonal windspeed at sites in and near the Florida Panhandle (after Jordan 1973).
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average speeds than those along the coast (Jordan
1973). The highest 1-minute sustained wind speed
is seldom over 50 kmv/h, though sustained non-hur-
ricane-associated winds in the 85-95 kmvh range
have been recorded (Bradley 1972). These peak
sustained wind speeds are generally higher at the
eastern end of the Panhandle than at the western
end (U.S. Dept. of Commerce 1980a, 1980b, 1980c;
Femald 1981).

b. Hurricanes, tornadoes, and waterspouts.
Hurricanes pose a major threat to the Florida Pan-
handle. A hurricane is a cyclonic storm (i.e., the
winds rotate counterclockwise in the northern hemi-
sphere) with sustained wind speeds in excess of 120
knvh. Forty-eight hurricanes have come ashore in

this region from 1885 to 1985 . Figure 26 shows the
tracks for hurricanes hitting the Florida Panhandie
during this period while Table 2 gives their monthly
distribution.

Muchof hurricane damage is caused by the local
rise in sea level known as storm surge. For hurri-
canes striking the Panhandle from the quilf, this rise
occurs east of the “eye” (the storm’s center) as the
counterclockwise wind circulation about the eye
pushes water ahead and traps it against the coast-
line. Anembayment helps containthiswaterandcan
increase storm-surge magnitudes substantially
when a hurricane strikes its western side. Tidal
stage and phase, bottom topography, coastline con-
figuration, and especially wind strength combine to
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Figure 26. Paths of hurricanes striking the Panhandle coast, 1885-1985 (after Jordan 1984, Case

1985).
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Table 2. Total number of hurricanes and tropical storms striking or passing within
150 miles of the Florida Panhandle during 1885-1985 (Jordan 1984, Case 1986).

Jun Jul Aug

Sep

Oct Nov-May Total

7 5 8

20

6 2 48

determine the storm-surge magnitude. The State of
Florida addressed coastal safety, property protec-
tion, and beach erosion during hurricanes in Hen-
ningsen and Salmon (1981).

Tornadoes and waterspouts form infrequently.
They occur most commonly in the spring, associat-
ed with frontal weather systems, and in connection
with tropical storms and hurricanes. Tornado paths
in Florida are usually short, and historically damage
has not been extensive. Waterspouts occasionally
come ashore but dissipate quickly after reaching
land and, therefore, atfect very small areas (Bradley
1872).

3.2.4 Insolation

The amount of sunlight, or insolation, reaching
the Florida Panhandle directly affects temperature
as well as photosynthesis. It indirectly affects proc-
esses in which these factors play a role, including
weather patterns, rates of chemical reactions (e.g.,
metabolism), productivity, and evapotranspiration
(evaporation and water transpired into the atmos-
phere by plant foliage). The amount of insolation is
controlled by two factors: season and atmospheric
screening.

a. Seasonal changes. Seasonal insolation is
controlled by five factors: (1) the changing distance
between the Sun and Earth as Earth follows its
elliptical orbit; (2) the increasing thickness of the
atmosphere through which the solar rays must travel
to reach the Earth’s surface at points north or south
of the orbital plane (Figure 27); (3) the reduced
density of rays striking an area on Earth's surface
north or south of the orbital plane (Figure 28); (4) the
changes in cloud cover associated with the progres-
sion of the seasons; and (5) seasonally induced
changes in atmospheric clarity due to particulates.
Factors 2 and 3 are caused by Earth’s axial tilt
relative to the orbital plane and the resultant change
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surface with change in distance above or below
orbital plane.
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in the angle at which solar rays strike a point on the
globe during Earth’s year-long trip around the sun.
This change alters the distance through the atmos-
phere that the rays must travel and, therefore,
changes the percentage of the rays reflected or
absorbed by the atmosphere. Factors 4 and 5 are
products of seasonal variations in insolation upon
circulation of air masses, hence the eftects from
insolation affect the amount of it reaching the Earth’s
surface. The concentration of screening particulates
in the atmosphere is further affected by seasonal
variations in emissions resulting from human activi-
ties (e.g., smoke from heating during winter) and by
the variations in the speed with which both natural
and anthropogenic particulates are removed by rain-
fall or diluted by atmospheric circulation.

b. Atmospheric screening. Absorption or re-
flection by water vapor, clouds and atmospheric
particulates such as dust and smoke effectively
reduce the solar radiation penetrating to the Earth’s
surface. On a clear day approximately 80% of the
solar radiation entering the atmosphere reaches the
Earth’s surface. About 6% is lost because of scatter-
ing and reflection and another 14% from absorption
by atmospheric molecules and dust. During cloudy
weather another 30%—60% may reflect off the upper

surface of the clouds and 5%—20% may be removed
by absorption within the clouds. This means that
from 0% to 45% may reach Earth’s surface (Strahler
1975). Thus it is clear that the single largest factor
controlling short term insolation is cloud cover.

The percentage of cloud cover varies seasonally
(Figure 29), as do the patterns of cloud cover. The
seasonal patterns of cloudiness are controlled pri-
marily by extratropical cyclones and fronts in the
winter, and by localized convective weather patterns
in the summer. Though the types of clouds and
rainfall patterns are different under each of these
systems, they result in similar amounts of cloudiness
and rainfall in winter and summer in the Panhandle.
Daily cloud cover variations are considerably greater
in winter than in summer. That is, in summer many
days have partialcloud cover while in winterthe days
tend to be entirely overcast or entirely clear. Insouth
Florida, where winter cyclones and fronts are less
frequent, the winter and summer amounts differ
greatly.

The maximum insolation striking Earth’s atmos-
phere at the latitude of Panhandle Florida is approxi-
mately 925 langleys/day (Strahler 1975). Figure 30
shows the seasonal variation of the daily insolation
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Figure 29. Mean daytime sky cover (data from U.S. Dept. of Commerce 1980a,b,c) and Tallahassee
cloud cover from 3 years of satellite data (after Atkinson and Sadler 1970).
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Figure 30. Variations in insolation striking the atmosphere depending on latitude and season (after

Strahler 1975).

striking the atmosphere over the Panhandle region.
The monthly average of the daily insolation amounts
actually received at Tallahassee and Apalachicola
are presented in Figure 31. In addition, the percent
of possible sunshine measured at Tallahassee and
Pensacola is presented in Figure 32.

Atmospheric clarity over the Panhandle is, with
the exception of clouds, generally very good. Occa-
sional atmospheric inversions during summer
months may result in “haze” as naturaland anthropo-
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genic aerosols are trapped near the surface and
concentrated, thereby reducing insolation.

3.2.5 Relative Humidity

The Florida Panhandle is an area of high relative
humidity. Relative humidity is the amount of water
vaporinthe air, expressed as a percent of saturation
at any given temperature. Air incapable of holding
further water vapor (saturated) has a relative humid-
ity of 100%. The amount of water necessary to
saturate a volume of air depends upon temperature.
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Figure 31. Monthly insolation at selected sites in
Florida Panhandle (after Bradley 1972).

Air at a higher temperature is capable of holding
more water than that at a lower temperature; there-
fore, air near saturation will become oversaturated if
cooled. This oversaturation can produce dew, pre-
cipitation, or, when very near saturation, clouds or
fog. In the seasons when prevailing winds bring
moist air from the Gulf of Mexico (i.e., spring, sum-
mer, fall), humidity is often 85%—95% during the
night and early morning, and 50%—65% during the
day (Bradley 1972).

High relative humidity can greatly accentuate
the discomfort of high summer temperatures. There
are several formulas commonly in use (e.g., Tem-
perature Humidity Index, Humidity Stress Index,
Humiture) that generate a “comfort” value based
upon a combination of temperature and humidity.
The afternoon Panhandle climate during June
through September is usually well into the uncom-
fortable zone. These indices are based on the effect
of humidity upon evaporation rates. The humid air
flowing from the Gulf of Mexico has minimal capacity
to hold further moisture. As a result, evaporative
drying of wetlands and other water bodies in the
Panhandle is minimized, thereby helping to maintain
them between rains. Summer rains and slow evapo-
ration also provide ideal conditions for many fungal
and bacterial diseases, prominent problems in area
farming (Shokes et al. 1982).

Fog is common at night and in the early morning
hours as the ability of the cooling air to hold water
decreases and the relative humidity rises over

8

N
o
i

Mean Percent Sunshine
]

[=]
M
b -

.Janl;ebMarAprl.\'AayJun Jul AugéepOdNovDecJan
Figure 32. Percent of possible sunshine at se-

lected sites in Panhandle (data from U.S. Dept. of
Commerce 1980a,b,c).

100%. Heavy fogs (visibility <0.4 km) generally form
in the late fall, winter, and early spring. On the
average, they occur 3540 days per year (Bradley
1972). Apalachicola experiences fog on an average
of 14% of the days in November through March, and
2% of the days from April through October (Jordan
1973). Fogs usually dissipate soon after sunrise.

3.3 Effects of Climate on Ecosystems

Climate exerts control on the regional ecology
through two major mechanisms. The normal clim-
ate of the Panhandle establishes the basic condi-
tionsunder which all species must be able to live and
compete if they are to find a niche in the ecosystem.
The occasional abnormal or extreme climatic condi-
tion may prevent establishment of a species that
would otherwise thrive by producing periodic local
extinctions or near-extinctions. The rare severe or
prolonged freeze, heat wave, drought, or flood may
decimate a population so that years or decades are
required for its reestablishment.

No clear separation exists between conditions
constituting normal and extreme climatic conditions.
Regular events which are beyond a species’ ability to
adapt may reduce what would otherwise be a domi-
nant organism to a minor position in the ecosystem
or prevent its establishment altogether. A Pan-
handle example is the mangrove. A dominant spe-
cies on Florida’s southwest coast, mangroves are
represented in the Panhandle by one small colony of
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black mangrove on the bay side of the eastern end
of Dog Island. In conditions otherwise conducive to
mangrove growth, the occasional cold winters limit
them to this marginal colony. In contrast, an other-
wise minor organism may be dominant through its
ability to survive the climatic extreme and thereby
outcompete ecological rivals. Relatively small
changes in the “normal” extremes of climate may
produce eftfects on ecosystem composition as large
as those produced by changes in the average cli-
mate. Anexample mightbe a situationwhere a slow-
growing and reproducing shrub species and a fast-
growing and reproducing shrub species compete for
space inaforest clearing commonly visited by forag-
ing wild pigs. All other factors being equal, the slow-
growing species might dominate, even though it
would be very slow to recolonize areas where it was
dug up by the pigs, because it could better tolerate
the annual dry summers. Anincrease inthe normal
summer rainfall (a change in the “average climate")
might lead to dominance of the fast-growing species.
The same effect might result, however, if the area
began to experience previously unknown hard
freezes during occasional winters (a change in the
climatic extremes), and the slow-growing species
was killed by freezes while the fast-growing species
was freeze tolerant. Either change will have the
greatest effect upon those organisms living near
their limits of tolerance.

3.4 Major Influences on Climate

3.4.1 Natural Influences on Climate

a. Long-term influences on climate. Long-
termchanges (overthousands to millions of years) in
worldwide climate are primarily a function of
changes in the concentration of atmospheric carbon
dioxide (CO,) (Revelle 1982). Carbon dioxide traps
incoming solar radiation (Hansen et al. 1981). This
effect is commonly known as the “greenhouse ef-
fect.” The resulting temperature increase allows the
atmosphere to hold more water vapor, itself an
effective greenhouse gas, which accentuates the
warming. Other gases (e.g., methane, nitrous oxide,
chlorofluorocarbons) act similarly, but their effects
are generally subordinate to those of CO, because of
their relatively low concentrations. The Sun “drives”
Earth’s climate since the wind and rain systems, as
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well as the temperature regime, are products of
varying insolation.

b. Short-term influences on climate. Short-
term (up to hundreds of years) natural fluctuations in
climate are generally caused by changes in insola-
tion screening. The concentration of natural atmos-
pheric particles results from the balance between
input from wind scouring (particularly of desert and
other arid regions), volcanic dust output, smoke from
forest fires and volcanoes, and removal by gravita-
tional settling and atmospheric scrubbing during
rainfall.

The Panhandle, along with the rest of the north-
ern temperate lands, has experienced an approxi-
mately 0.1 °C reduction in average temperature over
the last decade despite an increasing greenhouse
effect worldwide. It is probable that this is the result
of: (1) the screening of insolation atthese latitudes by
increased atmospheric smoke and dust from recent
increased volcanic activity and/or dust from the
expanding Saharadesert and drought areasin North
Africa, and /or (2) variation in the Sun’'s output
(Hoffman et al. 1983). These variations are histori-
cally common and Titus and Barth (1984) concluded
that they were incapable of overwhelming the overall
greenhouse effect.

Periodic changes in climate and weather affect-
ing the Panhandle have recently been tied to the
phenomenon known as El Nifio. Though all the
parameters of cause and effect are not yet under-
stood, a major current off the coast of Peru, which
drives the upwelling responsible for one of the
world’s largest fisheries, apparently moves well off-
shore and weakens because of changes in the wind
patterns driving it. Changes in equatorial wind pat-
terns which either cause the shift in water currents or
are caused by the shift (which factors are cause and
which are effect are not yet understood) affect world-
wide climate by altering patterns of rain, tempera-
ture, and wind. The Panhandle may have just
recovered from a period of weather in the early
1980’s influenced by an exceptionally strong EINifio.
The hotter and drier summers and warmer winters
followed by a rebound period of spring flooding,
heavy summer rainfall, and colder winters that have
been experienced in the Panhandle and other
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unusual weather patterns worldwide have been
tentatively identified as indirect effects of El Nifio.

Another mechanism controlling short-term cli-
mate changes as well as being involved in long-term
variations is albedo, or the reflectance of a surface.
The higher the albedo, the more incoming radiation
is reflected and can pass through the “greenhouse”
gases and out of the atmosphere. The lower the
albedo, the more radiation is absorbed, reradiated
as heat and trapped in the atmosphere. Snow and
ice have a very high albedo; i.e., they are efficient
reflectors of solarenergy (45%—85%). Bare ground,
fields and forests have intermediate albedos ranging
from 3%—25%. Unlike land, the oceans (and water
in general) have a variable albedo; very low (2%) for
radiation striking from low angles of incidence (i.e.,
with the sun high in the sky), but high for that striking
from high angles (i.e., with the sun low on the
horizon). This is caused by the growing proportion of
the light that is transmitted into the water at decreas-
ing angles of incidence. Thus the equatorial seas at
midday are good absorbers of solar energy, but the
arctic seas are not. The significance of this in the
Panhandle is that coastal waters receive more heat-
ing through insolation in summer, not only because
of the increase in sunlit hours from the longer day,
but also froman evengreaterincrease of the time the
radiation strikes from high angles. Other local ef-
fects of albedo differences are common, as anyone
who has stood on an asphalt parking lot on a clear
summer day can attest.

Another difference between the effects of inso-
lation on land and water is caused by the difference
in the specific heat of dry soil or rock and that of
water. Waterrequires nearly five times as much heat
energy as does rock to raise its temperature the
same amount. This, coupledwiththe increased eva-
porative cooling found at the surface of waterbodies,
explains the more extreme diurnal and seasonal
temperature regimens found over land as compared
to that over or near large bodies of water.

3.4.2 Anthropogenic Influences

Human activities increasingly influence climate,
although the line dividing natural and anthropogenic
influences is not always clear. Global warming due
to changes in the atmospheric greenhouse effect is
one of the most notable results of human activities
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(Hansenetal. 1981, Weiss etal. 1981, Broeckerand
Peng 1982, Edmonds and Reilly 1982). This change
is primarily a result of increasing concentrations of
atmospheric carbon dioxide from combustion of
fossil fuels as well as from the logging of enormous
areas of forest, with the resultant release of CO,
through the burning or decomposition of the carbon
bound up in the organic matter (Charney 1979); of
atmospheric methane (Rasmussen and Khalil
1981a, 1981b, Kerr 1984); of atmospheric nitrous
oxides (Donner and Ramanathan 1980); and of
chlorofluorocarbons (Ramanathan 1975). There
was a 9% increase in atmospheric carbon dioxide
between 1958 and 1985 (Figure 33).

A conference was held in 1982 in response to
articles in popular literature (Boyle and Mechum
1982) concerning a theory ascribing recently re-
duced rainfall and increased temperature in south
Florida to reduced albedo and evapotranspiration
resulting from the draining of area wetlands. The
results of this conference are summarized in Gan-
non (1982). Though evapotranspiration from land
masses may account foronly 5% of the precipitation
in south Florida (the bulk arriving with air masses
fromoverthe Atlantic), evapotranspirationincreases
the buoyancy of the continental air masses. It is
probable that this increases mass convergence,
bringing in more moisture trom the adjacent oceans
and acts as a trigger to increase convection and,
therefore, the convection-induced rains. Rainfall of
this nature is found year round but is especially
common in summer. A 70 inch rainfall deficit which
accumulated between 1962 and 1982 along the St.
Johns River in northeast Florida has also been
attributed to the draining by 1972 of approximately
72% of the once vast wetlands through which the
river flowed (Barada 1982). If this relationship be-
tween evapotranspiration and rainfall is confirmed, a
similar mechanism probably exists in the Pan-
handle, where similar patterns of convective raintall
are found. Future development which reduces
wetland and vegetated areas might induce similar
reductions in summer rainfall.

Short-term cooling trends have been attributed
to insolation screening by dust, smoke, and debris
thrown into the upper atmosphere by large volcanic
eruptions such as Krakatoa in 1883 (Humphries
1940) and Mount St. Helens in 1980 (Searc and Kelly
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Figure 33. Increasing atmospheric carbon dioxide as measured atop Mauna Loa, Hawail (data from
Charles Keeling, Scripps Inst. of Oceanography).

1980). Smaller eruptions have a weaker cooling
effect. ltis thought that this short-term cooling may
be partially masking the long-term global warming
caused by increasing concentrations of atmospheric
CO, (Bell 1980).

3.5 Summary of Climatic Concerns

The Florida Panhandle has three present and
near-future climatological concerns. Two of these
result from the present global warming trend. While
all effects of this warming are not predictable with our
present understanding of the ecosystem, certain
effects in the Panhandle are probable. A major
impact resulting from global warming is a predicted
substantial rise in sea level, significant effects of
which are expected within 25 years. This impact is
discussed more fully in section 4.8. The second
concern relating to atmospheric warming is a prob-
able change in weather pattemns. A possible 5 °F
increase inthe mean globaltemperature by the latter
part of the next century is projected to yield a similar
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increase in mean Panhandle temperature and a few
percentincrease inlocal precipitation (Revelle 1982,
National Research Council 1983). The present
understanding of meteorology is not, however, suf-
ficient to permit reliable prediction of these changes.
This is particularly true of climate changes over a
relatively small area the size of the Panhandle.

A final climatic concern for the future is the
possibility of reduced summer (convective) rainfall.
Unlike the previous two problems, the causes have
not yet been widely initiated and are preventable.
Convective summer thundershowers provide the
majority of summer rainfall. Summer rains, in turn,
supply the majority of the total annual rainfall (Figure
17). The convective mechanism causing these rains
is similar to that found in south and east Florida.
Since the “rain machine” in these regions may have
been weakened by extensive wetland draining, it is
possible that future terrain alteration in the Pan-
handle—including drainage and development of
large wetland areas—could cause a similar effect.



3. Climate

Predicting the occurrence and effect of climate
changes is very difficult since the understanding of
the meteorological and oceanographic systems that
provide climatic feedback and checks-and-balances
is incomplete. With these constraints, even the sea
level predictions, which are based on an intensive
program of study, include necessarily wide margins
for error. Unexpected or unexpectedly strong feed-
back mechanisms may exist to damp the warming
trend. One possible example of such feedback is
that the increase in size taking place in our deserts
(especially the Sahara) may be a result of global
warming; however, the increased dust blown into the
atmosphere from the larger desert area may be
increasing insolation screening and therefore tend-
ing to reduce that warming. The possible existence
and “strength” of similar feedback mechanisms
make accurate prediction of future climate difficult;
however, the National Academy of Sciences
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(Charney 1979) was unable to find any overlooked
physical effect that could reduce the estimated
temperature increase to negligible proportions. The
accuracy of the predictions is increasing through
research into the major climatic factors.

3.6 Areas Needing Research

Research on nhumerous aspects of the Panhan-
dle climate is needed concerning questions which, of
course, affect much wider areas, but are applicable
to this area. Research is especially needed on the
changing greenhouse effect; the effects of increas-
ing world-wide average temperatures on area cli-
mate; the mechanisms controlling coastal convec-
tive rainfall; and rates of evapotranspiration and their
connection to rainfall and runoff.



Chapter 4. HYDROLOGY AND WATER QUALITY

4.1 Introduction

Water quality is, in many ways, dependent on
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