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ABSTEACT

A network of high resolution seismic profiles, 40
vibracores, 212 surface sediment samples apd 22 lithologically
and/or geophysically logged boreholes have been analyzed in
order to evaluate the effects of sea level cyclicity,
karstification and an intercalated, carbonate to siliciclastic
transition on the stratigraphic development of late Migcene to
Duaternary deposits of the Charlette Harbor arzea in southwest
Florida, Two regiconal unconformities bound six discrete
depositional sequences within the late MHeogene deposits with
the lower regional unconformikty (R-3) varving from about 20 m
depth to more than L1535 m. This surface is present as BW-3E
and ME-SW trending troughs, sharp, irreqular reflections, and
izolated szinkholes indicatatiwe of subaerial exposure. The R-2
unconformity which owverlies apd truncates the late Neogene
sequences oocurs as a strong, flat=lving rpeflector seaward of
the present coastline and a series of dewnoutting channel
complexes in backbarrier areas. Six late HNeogene depositional
sequences prograde to the scuth/scutheast with a proximal-=
distal transiticn from short, steeply dipping cbligque
clinoforms to long, low angle clincforms ip a downdip
direction. Three end=-member lithologies are present:
quartz/phosphate sands, a calcilutite, and poorly to well

indurated, sandy, molluscan calcarenite., The depositignal



sequences can be interpreted as a series of uncenformity
bounded, prograding fluvial to deltaic deposits. Three
Quaternary litho-sequences overlie the R-Z unconformity and
indicate that Quaternary infilling of the estuarine-lagoon
system consisted of six tranagressivae, quartz dominated paralic
depositional segquences which are poorly preserved due to
shoreface and fluvial-estuarine channelization. The karstified
antecedent topography has controlled the distribution of the
Heogene and Quaterpary deposgitional sequences in two ways:
first, fluvial systems are localized in the antecadent lows
which restricts the distribution of fluvially transported
sands. Second, the relatively impermeable calecilutite deposits
which occur as khin beds ouvtside the lows, thicken to 20-40 m
within the karstic depressions which limits wvertical drainage
and initiates the develcpment of fluvial systems on_the

carbonate terrain.
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TINTROCUCTION

The geoal of this study is to identifv and map the late
Migcene to Quaternary depeositicnal sequences of the Charlotte
Harbor area from continucus high resclution selsmic reflecticn
profiles, and correlate and interpret the prefiles using
lithologic and geophysical data from boreheles, vibracores and
modern depositional environments, The Charlotte Harbor
region of sScouthwest Floxida lies aleng the northwest-southeast
Lrending axis of the Flerida Platform, which iz a thick
accumulation of Cretaceous and Tertiary age carbonates and
avaporites of primarily shallow water origin (Figure 1; Chen.
1263, Mitchum, 197H).

The modern environments of southwast Floridz are
characterized by the deposition of quartz sand dominaterd
paralic systems (Huang and Goedell, 1967: Enos and Perkins,
1977; Evans, et al.., in press). The Necgene age Hawthorn
Froup and Tamiaml Formation of south peninsular Florida consist
of interbedded terrigenous clays, silts and sands, carbonates,
phosphorites, and authigenic clay and silica (Scott and
Upchurch, 1382) and collectively comprise a transition frem the
undezrlying Paleogene carbonates to the modern siliciclastic
environments. The WNeogene FPeriod has been characterized as a
time of glacis—eustatic gsea-level cyeclicicy with high frequency

{Z0-B0 KY cycles), large magnitude (50-150 m) wariations in
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sea-level (Crowell, 1%82; Snyder, et al., 19%82; Matthews,
1984, .

The exposzure of the Florida platform Jduring zea-level
low=stands produces regicnal subaerial unconformities (Enos
and Perkins, 1%77; Vail, et al., 1977; Hunter, 19278},
dizzolution of carbonates (Esteban and Elappa, 1%83; Trudgill,
1285: Back, et al.., 19%88) and fluvial reworking of selected
areas (Kidwell, 1984; Evans and Hine, 198&). The alterpating
periods of exposure and submergence created by sea-level
variaticns, in conjuncticon with the varied suite of lithologies
produced by the long term carbonate-siliciclastic transition of
the Florida platform have resulted in a complex stratigraphic
record with extensive lateral and vertical varizbility.

This study describes the depositicnal controls and
anvironments that existed during the late Heogene carbonate=
siliciclastic transition, compares the resulting depositicnal
seguences with the Quaternary sequences, and focuses on three
ralated aspects of the depositiconal systems: 1} antecadant
topography inherited from the underlying carbonate platfnrﬁ,

2] distribution and composition of lithologies and bounding
unconformities comprising the transiticnal and siliciclastic
depositional sequences, and 3} development of bvdrogeologic
ajquifer-aquitard systems which control the preservaticon and
alteration of the stratigraphic record by varizble exposure to
groundwatar. The following sections examine the guestions and
significance of antecedent topographyv, sequeﬁne stratigraphy,

the carbonate-siliciclastic transition, and the resulting



hvdrogeclogic systems in relation to the late Neogene to

Quaternary evolution of southwest Fleorida.

Antecedent Topography
The importance of antecedent tepography within

siliciclastic, paralic environments has bheen lllustrated by
numercus studies [(see Oertel and Leatherman, 1985 for rewview).
The barrier/lageon systems of Texas (Parker, 195%; Wilkinsaon,
1373}, Fleorida (Otwvos, 1982; Evans, et al., 1985}, Georgia
(Oertel, 197%), South Carolina {(Moslow, 19%80), Worth Carolina
tFierce and Colgquhoun, 1370}, Virginia (Horton and Donaldson,
1273) and Delaware (Kraft, 1971; Belknap and Eraft, 1983} are
all localized by antecedent highs and/or increased sediment
availability. These studies have identified three common facets
of antecedent topographic contrel: 1) barrier island
localizaticn=-stabilization, 2} control of lagoon locaticon and
morphology by regicenal slepe, paleofluwial systems and
headlands, and 3) wvariable preservatlon within antecedent lows.
The "highs™ underlying the barrier islands of those
garlier studies have been attributed ta: 1) Pleistacene
barriers (Plerce and Colguhoun, 1970; Qertel, 1979; dOtvos,
1982), 2) interfluvial highs (Parker, 1959; Kraft, 1971; Marton
and Donaldson, 1973}, 3) an increased slepe due to shoreface
ineisien {(Wilkinson, 1975%; Evans, et al., 19%85%), or 4} Some
combination of the above (Moslow, 1580). Whatewver the crigin

2f the antecedent high, it serves az a stable point for



localizingSstabilizing barrier dewvelcpment during a long term
tranggression which, in turn, creatss the lagoonal basin.

The second important facet of antecedent topography is
its role in the control of lagoon morphology and infilling
sequences. Lagoonal deposits range from coarse sand and shell
of tidal delta’/overwash areas to marsh peats and laminated
silt/clay of the deeper, gquiescent basins (Lucke, 1934;
Wanless, 1976; Oertel, 1985). The distribution of those
enviraﬁments iz directly controlled by lagoon morpholegy (i.e.,
width, deptch, tributary rivers, ete.) which is, at least
partially, controlled by antecedent topography (Wanless, 1976;
Demarest and Leatherman, 1%85; Ciﬂary and Heosiler, 13846).

Halzey (1979} and Belknap and Kraft (1985} have alsc
shown that the location of the Delaware lagoons (relatiwve to
barrier beaches) is controlled by the presence of paleocfluwvial
syztems that are linked to modern drainage systems and underlie
the shorefaces/nearsheore area. The depositional segquences
infilling the pre-existing topography consists of localized
fluvial/estuarine sediments owverlain by lagoonal and/or inlet
deposits.

The third and final aspect of antecedent topographic
gontrol is the potential preservation of lagoonal infilling
secquences and how antecedent relief affects that potential.
Balknap and Eraft (1985} and Hine and Snoyder (1%85) document
that the interaction of antecedant relief and shoreface
incision result in negligible preserwvaticon of the Delaware and

Marth Ea:glinq estuarine/lagoon segquences, respectiwvely. The



upper estuarine deposits that infilled the topographically
lowest fluvial channels are selectively preserved (relative to
lagoonal and karrier izland deposits). -

Collectively, the preceding factors indicate kthat
antecedent topography significantly controls the locaticn,
morphelogy, infilling sequences and preservation of coastal
deposzitional environments., The antecedent topography in a2ll of
these studies was attributed te shoreface incision on the inner
shelf andSor dendritic, palec—fluwial channelization with a
more or less shore neormal orientaticn underlving both inner
shelf and backbarrier areas.

The =iliciclastic, paralic environments of southwest
Florida gcour as a thin Quatercnary wveneer over the
transitional, Weogene age, Hawthorn and Tamiami depesits.
Extensive antecedent topographic relief within those
transitional depositiconal environments is indicated by problems
2f stratigraphic corzrelation caused by large wertical offsets
and dizcontinuities between closely szpaced boreholez in the
usually flat lving deposits of south Florida. Brooks [(1972)
showed a 20 m wvertical offset of thick clays in walls 1-3 miles
apart adjacent to Lake Okeechobee. Wedderburn, et al., (1382)
and Mizsimer and Gardner {19376) refer to wvertical
discontinuities in wells and seismic records (respectively) ino
the Lee County area.

Several hypotheseszs have been suggested kto explain these
variations and the resulting problems of stratigraphic

correlation. Tanner (1%63) and Bond, et al., (1981} hawe



postulated a series of recent (< 7 MA) NW-5E, WE-5W trending
faults with wariably uplifted and downthrown blosks. Their
hyvpothesis is based upon generalized patterns of basement
structure and orientations of surficial gecmorphic features,
i.e., shoreline trends and stream channels.

Missimer and Gardner (197g), Miszsimer and Banks (1%82) and
Fack, et al., {1573) suggested that depth wvariatiocn in
"reflectors" {or stratigraphic horizons) is due te folding
caused by differential subsidence and that rapid facies changes
caused by sea=-level fluctuations are responsible for the
complex stratigraphy of south Florida. Klinzing (1%82) has
also indicated the presence of Pliccene patch reefs and
suggested that the upward aggradation associated with these
features may have some influence on stratigraphic correlations.
2rocks (1372) summarized the geological literature of south
Florida and concluded that both differential subsidence and
Heagene structural faults have oceurred and conkroelled
stratigraphic relacionships.

Wolansky, et al. (1283), Evans and Hine (1986), and Evans

et al. (in press) used high resolution seismic profiles in the
Charlectte Harbor area to suggest that karstic dissolution and
collapse are responsible for the complex MNeogene stratigraphic
ralationships. The shallow (100-1530 m) geophysical and
lithelogic data presented in this report cannct address
basamant structure except where other investigators hawve
extrapolated structural contrel inte Neogene depcsits.

Several studies have shown the importance of carbonate



digsolution processes {(karstlfication) on creating and
contrelling depesiticonal topoegraphy ({Purdy, 1974; Enos and
Perkins, 1%77; Hutteon, et al., 1984; Hine, et al., 1988%; and
Evang, et al., in press), however, there iz no general
acknowledgement of karstic processes in the depositional
sequence models of carbonate systems (Wilson, 1975; Read,
L3982 . FKarstic processes have been largely lgnered in the
carbonate platform literaturs because they are commonly
perceived as random processes creating only isolated shafts
and sinkholes and/for surficial disselution (Longman, et al..
1987; Bond, et al., 1%81), or operative only in the subsurface
(Fontaine, et al., 1887).

Topographic relief on originally flat-lving carbonate
platforms is created by surface and subsurface dissolution of
the limestones {(Choguette and James, 1988). Drainage of
carbonate terrains is primarily downward with minimal runcgff
and limited fluvial development (Bdgli, 13930). Diszolution is
localized by fractures and joints and results in enclosed
linear to circular depressions (depending on fracture/joint
continuity; Bégli, 1980; Hutton, et al., 1284).

Regional fracture patterns, which usually reflect
structural or tectonic stressges (Price, 1966; Trudgill, 19%85;
Culbreth, 19383), provide a means of imprinting localized
topographic relief over a large area of carbonate terrain. Ino
Light of the shallow water <¢rigin of most carbonates (BElatt, et
al., 1280) and subaerial exposure resulting from eustatic sea-

level variation (Vail, et al., 1977; Hag, et al., 1%87),
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processes of carbonate dissolution may be an important, albeit,
neglected aspect of carbonate platform develcopment and
evolution.

It is a hypothesis of this study that processes of sea-
level gycllicity, and carbonate diszssclution and collapse control
the stratigraphic development of the transitional and overlying
clastic environments rather than Neogene structural adjustments
a5 suggested by earlier investigaters. Whatewver the cause, it
iz evident Ehat: 1} significant antecedsnt relief underlies
both the Heogene transitional units and the Quaternary
siliciclastic units, 2) this relief has important controls on
the leocation, morpheology, distribution and presecvation of the
depasitional sedquences, and 3) if the relief is due to karstic
processes, it will have a fundamentally different expression
than the antecedent topography of terrigenous fluwial and

paralic svystems.

Zequence 3tratigraphy

This study focuses on the formation and infilling of the
Charlotkte Harbor estuarine/lagoon system through the
delineation and interpretation of unconformity-bounded
depesitional sequences. The acceptance of crkitally induced
glacio-eustatic sea-lewvel fluctuations (Milankowvich cycles;
Imbrie and Imbrie, 13280; Arthur and Garrison, 1%86), the advent

of seismic stratigraphy, and the interpretation of high
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frequency punctuated aggradational cycles (PACY3; Goodwin and
Anderson, 1985) have resulted in the recognition of high
frequency depositional sequences within coastal and continental
margin deposits.

Unconformity-bounded sequences have been a conceptual
model for many years (e.g. Sloss, et al., 1943; Wheeler, 1558;
sloss, 1988). The craton-wide sequences as described by Sloss,
et al., (1%24%; reviewed by Sloss, 1388) were attributed to
bazin wide tectonic cycles and etranscended formaticnal units
(i.e., lateral extents of BOO-1200 km and 1-10 million year
durations}. The unconformity-bounded PAC's as described by
Gocdwin and Anderson {1%283) consist of 1-5 m thick, coarsening
upward cycles in szhallow water, Devonlan limestones. Theze
cycles, defined from outcrop, are correlated over tens of
kilometers and interpreted to represent short term (30-50 KA),
eustatically controlled, depositional segquences.

Seismigc stratigraphers have also developed a nomenclature
for defining and interpreting unconformity-bounded depocsitional
gequences, 3Seismic depositional sequences are defined as:

A stratigraphie unit composed of a relatively

conformable succeszion of genetically related

jtrata and bounded at its tep and base by

unconformities, or their correlative

conformities,

(Mitchum, 1577)
Selsmic sequences have lateral and vertical extents of =ens to
hundred of kilometers, and centimeters to hundreds of meters,

(respectively; Mitchum =t al., 1977).
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From the wvarlety of lateral and wvertical scales of

diffarent unconformity-bounded depositicnal units it is obvious
that it is possible to define sequences on the scale of varves
to Milankovitch-based climatic cycles to periods of
tectonically-based sea-level fluctuations (Anderscn, 1986).
The International Subcommission on Stratigraphic Classification
attempted to standardize the sequence nomenclature by creating
a farmal stratigraphic temminology based on synthems which are
defined as:

A body of rock bounded above and below by

speclifically designated, significant, and

demcnstrable discontinuities in the

stratigraphic succession- (angular

unconformities, disconformities, etc.}.

rreferably of regional or interregional extent.
Salvader, 1987)

Synthems are slightly different from seiszmic sequences in
that the latter can be identified where the bounding surfaces
become conformable. However, according to 3loss (1988} that
difference "i3s the natural product of the continuum of
abgervations made possible by seismic exploration." More
gignificant is the cawveat that synthems, az stratigraphic
entities, sheould only be defined where they are necessary and
sarve a useful purpose (Salvador, 1387).

Uncoenformity-bounded units are wholly based on the
distribution of unconformities (or correlative conformities)
and are fundamentally different from lithelogy-based

stratigraphic units. The description of formations is based
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1) Definite lithologic composition or a
distinctive, interbedded or interqraded
succassion of lithologic types;

2) Observable lithologic separation from
adjacent units above and below, and;

3} Traceability from exposure to exposure (or
from wall to well in subsurface) .

(Erumbein and Sloss, 1963)

One of the principal objectives of this study is to
define and correlate both seismic and lithologic sequences.

If the corralations are meaningful and useful (as indicated by
the mapping and interpretaticon of seismic and litheologic
unconformities), the depositicnal sequences should be formally
defined asg gynthems. In order to evaluate the significance and
utility of the resulting depositional seguences, they must
necessarily be compared with the existing l}:hﬂstratigraphic
cerminglogy. Thus, an indirect result of thisz study will be an
evaluation of the relative walue of lithelogy and unconformity—
bazed deposzitignal units for regicnal correlaticons and paleo-
environmental interpretations.

It has already been stated (as a hypothesis) that high
frequency sea=-level cyclicity is an important conkroel an
deposition of the late Neogene to Quaternary sediments in the
Charlotte Harbor area. Cycliclity in the geological record is
the rule rather than the exception (Fischear, 1984; Arthur and
Garrison, 1986). These cycles can be driven by processas

internal to the depositional enviromments (autocyclic) or
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external (allocyclic: Grotzinger, 198B6) .

Autocyclic processes Can occur in a variety of
environments, (iL.e., delta lobe switching, channel or inlet
migration, barrier overwash, etc.) and may result in vertical
stacking of unconformities and depositional units {Einsels,
1382). In order to prove that the Charlette Harbor sequences
are the result of allocyclie zea-level fluctuations it will he
necessary to show some vertical sequence (s} or vertical
Juxtaposition of submarine deposits and subaerial deposits or
unconformities (or vice versa) which cannot be affected without
base level changes.

The primary significance of unconformity-bounded
depositional segquences is that Walther’s Law is not wvalid
across unconformities {i.e., time lines 4o not oross
unconformities; Goodwin and Andersoen, 1985; Wail, 1987). This
study will define and map discrete depositional sequences
within which lateral facies transitions and corresponding

verticzl secuences can be correlated.

Carbonate—Siliciclastic Transition

The depositional environments and sequences produced by
carbonate-dominated systems are lithologically and
geometrically distinct from those of siliciclastic systems
(Cocgan, 1272; Wilsen, 15%75; Brown and Fisher, 1980; Fontainse,

et al.,1287). Although carbonate and siliciclastic systems



each include a large variety of depositional processes and
envirgnments (reviewed by Schelle, et al., 1983, and Scholle
and Spearing, 1982, respectively), generalized depositional
models indicate the basic difference in seguence gecomebries as
allochtonous, fluvial/deltalic progradation of siliciclastic
margins versus autochthonous aggradation of carbonate
platforms/ramps (Sangree and Widmier, 1977; Bubb and Hatelid,
1977; Brown and Fisher, 18320).

In a comparison of the hydrogeoclegic regimes of the
carbonate Yucatan Peninsula and the siliciclastic-dominated
Florida Peninsula, Back and Hanshaw (1970} showed that
differences in pearmeability and suszceptibility to diageneis
rasulted in increased lateral runoff and the development of
fFluwial systems on the Florida peninsula, and wertical drainage
with enhanced karstification on the Yucatan peninsula. These
different drainage styles present important gquestions with
regard to the transition of the Flerida peninsula from a
carbonate to siliciclastic dominated regime, Specifically,
what are the depositicnal environments that comprise the
transition and, sSecondly, what are the lateral and temporal
gxtent of those deposits that result in decreased rates of
vertical drainage and the subsequent development of £luvial
systems on carbonate terrains?

Walker, et al., (19283) has described a model for
transitional cachonate to clastic segquences based on middle
Jrdevician deposits of the southern Appalachians. This model,

a3 well as the craton=wide sequences described bv Fischer
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(196l), Wanless (1972), Galloway and Brown (19373), and Wilson
(1973) document stratigraphic sequences which ineclude basinal
turbidites, shelfal limestones and deltaic muds and channel
sandstones. These cycles which have been shown to persist over
the entire mid-econtinent area (1500 km from the Appalachian
mountains to western Kansas) are clearly not applicable to the
paralic transiticnal sequences of southwest Florida.

Enos and Perkins (1%277) examined the Quaternary
depositional sequences of south Florida and found that quartz
Lo carbonate transitions occurred via redistribution of a
quartz sand scurce. Although this transition occurred within
paralic deposits, they did not fdentify a distinet transitignal
enviromment {s) or a depositional seguence that would result in
long term permeability changes to the carbonate terrain.

Missimer and Banks {12B2) and Peck et al., (1379%:) have
also documented carbonate-clastic depositicnal sequencesz in the
mid-Neogene deposits of southwest Florida. These sequences,
based on subsurface well log data which show rapid lithologic
transitions in wvertical sequence, are interpreted as regressive
cycles beginning with shelfal limestones which are overlain by
prograding clastic deltas. Riggs, et al., (1%82) and Riggs
{1284} hawve reccgnized transgressive, carbonakte-clastic
sequenceas in the HNeogene deposits of the Narth Carolina inner
continental shelf as a series of phosphatic, terrigenous sands
ovarlain by clayey, phosphorite sands and capped by weathered
or indurated shelfal carbeonates.

Collectively, these studies indicate that there is a
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question as to whether the transiticnal, late Heogene, parallc
deposits of southwest Florida aceumulated during transgressive
or regressive conditions, and consequently what depositional
processes are responsible for introducing quartz sands inte the
carbonate environment. This study will address that gquestion
by defining and mapping depositisnal szeguences in 3I-dimensiens
from a closaly-spaced seismic profile grid and adjacent

bhorehele data.

Hydrogeology

The upper Hawthorn Group and Tamiami Formaticon contain
several important aquifer systems and collectively function as
an agquitard for the underlying Floridan aguifer {Wedderburn, et
al., 1982; Wolansky, 1983). Because lateral and wertical
facies changes control the distribution of permeable and
impermeable sediment types (i.e., sandy and clayey unies,
respectively), facies changes also control the distributicon of
hydrogeslegic units.

The permeability of carbonate rocks iz not only dependent
upon sediment type (i.e. intergranular porosity), but also on
Jjointing and bedding (Freeze and Cherry, 1979%; Bagli, 1930).
Agquifer distribution is therafore dependent on the distributicon
of both basic depositional faecies, the regional fracture
{jointing} pattern and the postulated enlargement of those

fractures by dizsglution.
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The permeable aquifers and impermeable aguitards that
result from the distribution of lithologlc tvpez and limestone
fractures are not passive reflections of the depositional
record. FProcesses of carbonate disseolution and diagenesis
which alter the stratigraphic record are ongoing (Hanshaw, at
al., 1371; Fanning, et al., 1981) and are directly coentrolled
by the chemical and physical nature of the groundwater systems
{Bathurst, 19%75; B&gli, 1980; Trudgill, 1985),

Humarous loeal and regional hydrogeclegic in%estigatiqns
have cccurred in the Charlotte Harbor area; e.g., Sutcliffe,
(1373, ®Wilsen, (1%77), Boggess, (1974}, and Wedderburn et al.,
(1282) . Although there i3 a general consensus on the regional
hydrogeologic framework, correlation of specific upper
Hawthorn/Tamiami aguifers has not been successful (Welansky,
12983} . This study examines the genetic relationship between
lithologic sequences and the underlying pattern of
xarstification, and provide the basis for understanding the
distribution and relationships of the hydrogeologic units.

IT i3 an assumption of this study that much of the current
confusion of south Florida lithosktratigraphic,
hydrostratigraphic and biostratigraphic nomenclature is due to
the attempted regional correlaticons of lithologically
determined formations., A hypothesis of this study is that
these Weogene and Quaternary formations represent multiple,
eustatically contrelled, depesitional cycles with progressive,
updip-downdip facies translations and that those sequences can

be seismically and lithelegically identified and correlated.
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Thus, within the overall geoal of documenting the late
Miocene to (Quaternary depositional sequences, the specific

objectives of thisz study ar&é

1} To define the pattern and role of
karstification in creating small intra-platform
basins;

Z2) Evaluate the pattern of karstificaticn with
respect to basement structure and regional
fracture patterns;

3y Define and correlate the depositicnal
envirconments and distribution of the seismic and
litholeogic sequences comprising the late
Miocene strata of zouthwest Florida;

4} Examine the resulting depositicnal model with
respect to the hydrogeologic system; and,

%) Document the role of karstified antecadent
Lopography upon the development of the
Quaternary =siliciclastic-deminated
fluvial/estuarine environments of soutch
Florida.
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STUDY AREA

Climate

The climate of southwestern Flerida is humid and
subtropical with long, wet summers (75% of 127 em annual
average, Juneg to Qoctober) and relatively drier, cooler winters,
Maximum temperatures average 34.4° C with a range of 30.5° ¢
(January) and 38.0° C (July-August) at Punta Gorda (Esteves,
L386). Prevailing winds are from the northeast during the
winter and late spring (November-March) and from the scuth to
southeast during the remainder of the year. Hurricanes and
tropical storms are common from June to November with a S0%
probability in any year (Ho and Tracey, 1975}, Five direct and
249 indirect hurricanes have affected the area since 19%00

(Estaveaz, LA984).

Fhysiocgraphy and Bathymetry

The Charlotte Harbor estuarine system occupies an aresa of
725 xm' on the southwest coast of peninsular Florida (Figure
2) . The Harbor is a complex estuary composed of two lageoons
(Pine Island and Gasparllla Sounds), the estuary proper
{Charlette Harbor), an intra-estuarine lageoon {Matlacha Pa=ss)

and the tidal portionsg of the three tributary rivers {(Myakka,
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Feace and Caloosahatchee; Figure Z). The average depth of the
system is approximately 2.3 m; however, the depth of each
component varies significantly (Figure 3). Huang and Goodell
(1967) have divided the system inte four bathymetric zones: 1)
the broad shallew Harbor bounded by deep narrow channels, 2)
shallow lagoons with extensive sand/seagrass flats from 0-2 m,
3} slopes adjacent to the primary tidal channelsz with depths
between £-4 m, and 4) tidal channels with depths greater than
1 m {(to & maximum of 17 m in Boca Grande Pass; Figure 3).

The combined drainage basins of the Myakka/Peace Rivers
and numercus coastal creeks oocupy an area of about 8500 km'
(Figure 4). The basin of the Caloosahatchee River (excluding
Lake Okeeschobee and its tributaries) covers approximately 3300
km' (Figure 4). Topoegraphic elevations within the collective
basins are low, averaging 5.5 m in Sarascta County, 0.% m in
Charlotte County, 2.1 m in Lee County, and 17.1 m in DeSoto

County {Estewvez, 19%86),

Eyvdrology
Discharges of the tributary rivers correlate closely with
rainfall, with the highest flows during the rainy season in
late summer and early fall. High flow conditions produce
wertical stratification in the estuaries with saline bettom
waters reaching 8-15 km upstream (Tayler, 15%74; Stoker, 198&).
Avarage discharge of the Myakka River is 7.2 m'f3ec and

includes several pericds of no-flow during each year.
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Twa dams an the riwver affect flow during annual drought
conditions and probably contribute to the number of no=flow
occurrences (Stoker, 1986). The maximum recorded discharge is
248 m'/sec with flows greater than 85 m'/szec accounting for 1%
of occurrences (Estewvez, 1386).

Average discharge of the Peace River is 327 m'/sec with
recerded ranges of 1.1 to 1030 m'/sec. A dam on Shell Creek, a
large tributary of the Peace Biver may affect discharge of the
lowermoest porticns of the River (Stoker, 1l98g). The
aloocsahatches River is controlled by a series of loocks and
gates designed to minimize flooding of Lake Okeechobes,
Average discharge of the Caloosahatchee is 40.8 m'/sec and
ranges from 0.04 ko 606 m'/sec (Estevez, 1986).

The estuarine system iz separated from the Gulf of Mexico
by a series of barrier islands (Gasparilla, Caye Costa, Horth
Captiva, Captiva and Sanibel; north to south, respectively,
Figure Z}. Tidal exchange occurs at the intervening inlets
(Gasparilla, Boca Grande, Captiva, Redfish and Samn Carlos
Fasses; north Co south respectiwvely; Figure 2). Primary tidal
exchange o<ccurs at Boca Grande and San Carlos Passes with the
cther inlets having only localized hvdraulic exchange (Huang,
1966} .

The tides are mixed diurnal/semi-diurnzl with z wariable
range which awverages 56 cm at Boca Grande to B2 cm at 3an
Carlos Pasgs (HOAR, 1985). Maximum flood tide at San Carlas
precedes that at Boca Grande by about 15 minutes which,

combined with freshwater discharge and wind stress, creates a
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pattern of residual currents throughout the estuarine system.
Tidal currents at the inlets are variable with flood-

dominated velocities at Boca Grande (120/98 em/sec; fleocd/ebb)
and San Carlos (34/48 em/sec; flood/ebb; Coast and Geodetic
Survey, Chart #856-C). Captiva Pass, which is located between
Cayo Costa and Nerth Captiva Islands, has a flood velociby of
98 em/sec and an ebb velocity of 102 em/sec (Coast and Geodetic
Survey Chart #856-C). It is not known if the ebb-dominated
asymmetry of Captiva Fass can be extrapolated to Gasparilla and
Fedfish Passes. Ongeoing werk by the U.5. Geolegical Survey
(Tampa Sub-district) oo the hydrography of the estuarine system

gheuld provide answars ko these questicns,

Surficial Geology

The stratigraphic nomenclature used to describe the
geologic units of Florida 1s in a state of flux (T. Scott,
perscnal communication). Conseguently, the names and ages of
mest of the Weogene and Quaternary units are also changing.
Howewver, for the purpose of this discussion, it iz the
sedimentologic composzition of the surficial deposits in the
source area that are of primary significance. The surficial
deposits of the combined drainage basins are a mixed assemblage
of limestones, dolomites, quartz sands and clays that are all
of post-Eccene age (Brooks, 1981).

The guartz sands which constitute most of the
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sedimentologic substrate of the basin are Appalachian in origin
and reflect multiple periods of deposition and transport
{Huang, 1%¢e; Brooks, 1381l). The numerous reworkings of the
quartz sands have resulted in a generally homogeneous texture
and composition. Unstabkle heavy minerals have been chemically
or physically destroyed and the guartz is present as fine to
very fipe sand ({(Buang, 19%66).

The limestones are biggenic and generally represent in
situ deposition with complex diagenetic histories and frequent
alteration to dolomite., Erosion and transport of the
carbonates is limited due to lithification. ;nurganic clay
minerals (primarily montmorillonite, kaclinite and
palygorskite) are present throughout the bkasin (Brooks, 1381}).
The clays are present as areally limited, cohesive bheds and
disseminated, accesscry components.

Primary phosphorite [(as sarbonate-fluorapatite) 15
disseminated throughcout the Meogene units and constitutes up Lo
13 % of the total sediment in some deposits. Fluvially reworked
phosphate depositcs occur as silt to pebble-sized clasts which
are present in most Charlotte Harbor szamples in 1-2 %
concentrations and up to 9 % in some samples (Huang, 1366).

The phosphorite is mined and processed in Polk, Hillsborough,
Hardee, and Manatee Countles directly in or adlacent Lo the
Charleotte Harbor tributaries.

Flgure 4 is a portion of the geclogic map of Florida
(redrawn from Brooks, 1%81). The combined drainage basins

contain the following surficial units (from oldest to
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youngest) :

1) Hawthorn Group {(Mioccene age)

Mh5= Interlachen facies; quartz sand and gquartzite gravel
with kaslianite clay beds.

Mhi=- Groveland Park facies; deeply weathered clay sand
and granular sand with kaclinitic clay, white to pale
orange with thick paleo-scil {orange/red).

Mhi- Statenville tCype; sand, silty sand to clay, oyster
bars common, mixed montmorillonite/palygorskite clays.

Mh2- Brooks Sink type; impure delomite, clay and sand.

Ml- Lakhelle formation (previcusly called lower Tamiami
fm.}; clastics and impure limestone, variable
phosphorite concentrations, gray te green to tan matrix,

£) Bone Valley Formation (Pbw; Pliscene age)- =and,
clayey fine sand with montmorillonite clays and
phosphorite ¢lasts in a greenish matrix.

3) Tamiami Formation (Ptl; Pliocene agel- impure clayey
to gandy to marly limestone with phospherite grains, soft
to medium hard, tan te gray matrix,

4} Unnamed (Pu; Pliocene age)-undifferentiated quartz
gand (fine to very fine}) with humate zones, heavy mineral
zones and gravel lenses.

3} Unnamed {(PQr/PQp; Plic-FPleistocene age)- deeply
weathered coarse to fine sand with soma clay lenses of
beach/dune origin (PQr} and shelley, =ilty gray to
greenish gray sand of lagoonal grigin {(PQp).

&) Caleoosahatchee Formation (Q¢; early Pleistocens

age) realcaregus shelley sand, unconsclidated fo
indurated.

7) Fort Thompson Formation (Qft/Qftg: mid te late
Pleistocena) shelly Chicne sand with multiple hard sandy
limestone caps and caliche crusts.

g4) Unnamed (Qh; Holocene age)-undifferentlated gquartz
sand, shell, peat, and clay.



30



il

_*r-\‘l L e - ‘.1._.1 e
AT A .
s SR
— 1| T e e ARy
I? i Qg o e
| '-I l::ll__' = :'_ T
A ‘\S_J'J A
ki, J ] e
(] KL ORETERS &0
BPL AP TION
B == Hovocese weisuen ] Pu Pusocess unsaues
il A S by [ #t1 PLIDEENE Tauiam P
E-'E] Of FT. THOMPSSH UEWACR [T Pt PIGCERE BONE VALLEY FM.
@ Qom COFFEE MLL HAMMOGK MEMBER E Mha INTERLACHEN M.
=2 e e ot e OB [T mane WIOCENE GROVELAND PARK M.
o HAWTHOANE
Pn ‘] 7 W BROUP ETATENVILLE M.
POw | PLIOIPLEISTOGENE UNNAMED BROGYS BINK M.
[ | POr o] WIOCENE LARELLE PiL

BEDAAWH FAOW ORQOS, 1561



32

PREVIOUS STUDIES

Evolution of the Florida Carbonate Flatform

Peninzular Florida is the subaerial portion of the much
larger Florida zcarbonate platform (Figure 1). The subagrial
portien of the platform consists of a relatively thin veneer of
Jquartz sand (wWith mincr percentages of clays and carbonates as
described in the previous section) overlying thick sequences of
carbonate and ewvaporitic rocks (Chen, 19%65: Brooks, 1972).

This section outlines the current understanding of those
carbonate deposgsiticnal systems and thelr relatisnship with the
underlying basement structures.

A structure contour map of the pre-Cretaceocus
surface/postrift unconformity by Klitgerd, et al. (1984) shows
that che depth to basement waries from < 1 km in north central
Flerida to > 5.3 km in sguth Fleorida., The basement is composed
of crystalline andsSor FPaleozolc sedimentary rocks in norcth
central Florida with a southward transition to
rhyolite/diorite/granite and/or Jurassic igneous rocks
(Klitgord, et al., 1984; Barnett, 19%75; Applin, 19%51). The
composite basement formed by these rocks represents the pre-
Cretacecus postrift-unconformity surface upon which sediments
gradually conlapped landward (Elitgerd, et al., 1984).

The gravity ancmaly map of Klitgord, et al., 1984 also

reflects the basement composition and structure as a series of
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WeW=3E, MHE-5W trending grawvity lows. The distributicon of
crystallipe basement and Jurassic igneous and volcanic rocks
has been interpreted as a small block of African continental
crust sutured to the Horth American Flate along the Brunswick
magnetlc anamaly, with a southward transition to attenuated
continental crust (Nelson, et al., 1985; Opdvke, et al., 18%87).

The carbonate deposits comprising the Florida carbonate
platform were preceded by the deposition of pre-marine salt in
topographic depressions caused by crustal extension (Klitgord
et al., 19%84; Zalvador, 19%27; and Winker and Buffler, 1%88).
Continued drifting of the African, Yucatan and North American
plates resulted in the formaticn of the Gulf of Mexico and
Atlantic Ocean during Middle to Late Jurassic time.

Oceanic crust under the central Gulf of Mexico has been
documented many times ({Ball and Harrison, 1969; Pindell and
Dewgy, 1282; Klitgord, et al., 1984; Salvador, 1987; wWinker and
Buffler, 1%88) and related to Atlantic spreading centers via
transform faults or fracture zones (FE) under the Florida
peninsula i.e, Jacksonville, Bahamas, Sunniland and Cuba FZ
(KElitgord, et al., 1984; Pindell, 1%85; Salvador, 1987). Thess
fractures zones are apparently continuous under the Florida
peninsula and Charlotbte Harbor is underlain by the Sunniland FZ
and an intersecting hinge zone (Klitgord, et al., 1984;.

The gpening of the Atlantic and Gulf of Mexice bazins
allowed the onset of marine conditicns and initial carbonate
deposition during the late Jurassic (Shecidan, et al., 1981).

Back=reef platform limestones, dolomites and evaporites
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accumulated on a postulated megabank consisting of the Florida
platform, the Blake Plateau and the Bahama platform (Figure 1;
Chen, 1965; Sheridan, st al., 1%81; Winker and Buffler, 19848).
Shallow-water, carbonate/evaporite deposition persisted and
reached its zenilth on the megabank during Aptian to Albian
time.

The shallow-water deposition flourished behind
aggradaticnal shelf edge reefs at the Florida and Blake-Bahama
escarpments (Freeman-Lynde, 1983; Ball, et al., 1988).

Sheridan, gt al. (1981) indicate that shallow water limestones

and dolomites are continuous across the Northwest Providence
Channel and Tongue of the Osean. Reconstructions by Chen
{1965), Mullins and Lynts (1977}, and Winker and Buffler (1928)
show these channels as deep barriers to autochthonous shallow—
water deposition from at least middle Cretacecus time. These
different interpretations of the distribution of shallow water
Cretaceous carbonates highlight an ongoing discussion of the
crlgin of the Bahamian Platform carbonates from discrets
tapograpihic highs separated by oceanic channels {Mullins and
Lynts, 1977} or an initial megabank with subsequent
differential subsidence or collapse forming the intra-bank
channels {i.e., Tongue of the Ocean and Horthwest Providence
Channel; Schlager and Ginsburg, 1981). This discussion leads,
at least rhetorically, to the guestion of whether infilled
channels once dissected the Florida Platform as have been
described by Eberli and Ginsburg (1987} on the BEahama platform.

The infilled Suwannee Strait (or Channel) separating
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peninsular Florida from Georgia is well Jdocumented by Hull
{196Z); Chen (1365); Finet and Popence (1285); and Opdyke, et
al, (1%87). This channel was between 1bﬂ and 300 m deeper than
adjacent shelves (Chen, 1%653; Schmidt, =t al., 1%82) and
axisted from at least Late Cretacecus through the late Eoccene
Lime {(Chen, 1%65; Pinet and Popence, 12%85). Strong easterly
Elow in the Strait prevented deposition and separated
Appalachian derived clastic sedimentation from carbonate
deposition on the Florida Flatform (Chen, 1963; Finet and
Popence, 1985).

Infilling of the Suwannee Strait prebably began during
the Late Cretaceous, with the formation of small®resfs at the
wastern {Antoine and Hapding, 19%65) and eastern ends (Dillien,
at al., 197%). Gradual northward extensicn of carbonate
depositional facies from Late Cretaceous to late Eocene time
indicates that the channel was displaced northward (Chen,
13653). Final infilling and closure of the Strait occurred
during the late Eocene (Plnet and Popence, 19835),

There was a major sea-level lowstand during late
Eocene/early Oligocene time (Hag, =2t al., 19%87) and world-wide
changes in the palecceancgraphic current system (Berggren,
1982) . EResulting changes in the flow through the Suwannee
Strait may hawve contributed to an increased rate of sediment
deposition. Similarily, increased deposition rates in the
Strait would result from increased fluvial sediment transport
te continental margins due to the lowstand (Vail, et al.,

1977), and Wilhelm and Ewing (1%72) have suggested that
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continent=-wide zediment availability was increased due to
Laramide-age orogenic reactivation of the Appalachians.

The Paleogeng units of peninsular Florida have bean
mapped and summarized by Chen (19865), with limited paleo-
environmental interpretations by Yon and Hendry (1972),
Randazzo (1972} and Randazzo and Sarcop (1976). Those units
comprized primarily of dolomite and limestone with minor
percentage of evaporites generally thicken towards the south,
but show a distinct NW-3E trending trough underlying Tampa Bay
and Lake Ckeechobee (Chen, 19%653; his Figure 33).

Chen (12653) concludes that the distribution of the Eocens
Series ifllustrates depositiconal control by the pseudo=
structural Peninsular Arch (Figure 1; fpplin, 1351) and a
glight northeastward shift of the South Florida Basin. The
"Jcala Uplift™ is a younger, parallel structure that originated
during the late Oligeocene/early Miccene as a broad, regional
flexurse {(Vernon, 1%%1). Winston {(197&) statas that the
"Upllift™ represents a depositional thickening of Middle Eocene
units and that interpretation is at least partially supported
by iscpach maps from Chen {(1%63).

Petrographic studies of late Eocene and Qligocene units
by Randazzo (1976} and Randazzo and Saroop (1978) indicate that
the depositicnal enviromments of northwest peninsular Florida
ware shallow marine and intertidal carbonate producing systems.

These environments have common Holocene analogues such as
tidal flats and seagrass-dominated shallow shelves and the

deposits possessed numerous sedimentologic and diagenetic
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features indictative of repeated cycles of sea-lewvel

transgression and sub-aerial exposure.

Heogene Stratigraphy

The Hawthorn Group

FPhosphatic beds of Alachua and Columbia Counties were
ariginally described by Johnson (1888) who assigned them to the
Waldo Formation. Dall and Harris (1£892) abandoned the Waldo
Formation and called them the "Hawthorne beds"™. Although Dall
and Harris (18%2) did not designate the Hawthorne as a
formation, Dall is credited by later workers for its
designation and description of a type locality at the Devils
Millhopper Sink in Alachua County (Pirkle, 19536; from Scott and
MacGill, 1281).

The lithelogic section from the Millhopper location is
presented in Figure S5 {(from Scott, 1982). This core was taken
adjacent to the sinkheole and contains a series of phosphate
rich sands, clays, limestones and dolomites. Four lithelegic
units have heen recognized ip this core by Seott (1982 from
the bottomy: 4) a dolemitie, usually iandurated section
owverlying the EBocene limestone, 3) Jdolomitic, sandy or clayey
section, Z} dolomitic or calcareous, highly indurated section,
and 1} z weathered, reworked, mostly clastic sandy/silty
gaction. This core, aleong with threes other nearby cores have

been suggested by Scott (1%282) as co-type secticns for the
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Hawthorn Formation which Riggs (137%) and Scott {1288} have
proposed ralsing to Group status.

Formal description of the Hawthorne Formation was by
Matson and Clapp (1909}, who considered the it, at least
partially, contemporaneous with the peninsular Tampa Formation
and the Chattahoochee Formation of the panhandle. Sellards
{1215} placed the Hawthorne beds in an Qligocene Alum Bluff
formaticn which was contemporaneous and gradational with the
Chattahochee limestone.

Cooke and Mossom (1%2%) reinstated and redefined che
Hawthorn {less the "e") Formation to include the Scpochoppy
Limestone and Alum Bluff Formation. Cooke (1%945) correlated
the Hawthorm with additional panhandle units (Chipola and
portions of the Shoal River Formations) and added the Brooks'
Sink (Bradford County) as a co-type locaticon for the unit.
Bergendahl (1956} examined Hawthorn and post-Hawthern deposits
in Hardee and DeSota Counties. In areas of DeSoto County that
contact could only he discerned using diagnostic fossils in
contrast to the type locations where the contact consists of
pebbley conglomerate and weathering unconformities,

Ketner and MeGreavy (19%9) again redefined the Hawthoen
Formaticon in scuthwestern Florida to include... "Middle Miogcens
rocks in the hard-rock phosphate belt including those generally
azzigned to the Alachua Formation and the Middle Miocene rocks
in the land-=pebble phosphate district."

Carr and Alverson (195%) recognized four lithologic units

in the Hawthorn Formaticn: 1) a lower limestonse unit, 2) a
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phosphorite unit, 3) a sand unit and 4) an upper limestone.
Although the lateral relationships of those units were not well
understoced, they regarded the sand and phosphorite units as
weathering products of the limestones and mapped them
collectively., They alse suggested an unconformity between the
Hawthorn and Tampa units based upon structure and lsopach
contours.

Reynolds (1262) used clay mineralogy to identify
lithosomes and suggested that the Tampa Limestone and Hawthorn
Formatlion interfinger in peninsular Florida. The sastern
clastic Hawthorn lithosome possesses a montmorillonite=illite
clay suite while the western carbonate Tampa lithosome contains
an attapulgite-montmorillonite-sepiolite clay suite,

The Tampa and Hawthorn Formations were also combined by
Wilseon (1%77) in a groundwater study of DeSoto County. He
described a combined Hawthorn limestone unit that was underlain
by the zand and clay unit of the Tampa Limestone with the top
of the formation as the first limestone or dolomite or
imparmeable marl encountered in & well,

Riggs (19273), 5Scott and MacGill (1%81l) and Scott (1982,
1383 and 1288} have extensively reviewed the history,
litholegy, and distributicn of the Hawthorn Formation and
raised it to group status. This Group, which contains deposits
that had been included in the Tampa, Hawthorn and Bone Valley
Formations, iz now composed of the Arcadia and Peace Riwver
Formaticons with a Tampa Member (in the Arcadia Formation;

Seokt, 19838). The lithologies of the Arcadia and Peace Biver
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Formations are the same a3 those described for the Hawthorn
Formation and Tampa Limestone by Reynolds (1%62) and
Wedderburn, at al. (1982).

In Lee County, the Hawthorn Formation has been recognized
by several authors (Sproul, et al., 1972; Boggess and Missimer,
1975; Missimer, 1978; and Peck, et al., 1%7%a/b). Weddarburn,
et al. (1%32) have redefined the Hawtheorn Formation in Lee
County to include a green to gray, phosphatic, sandy, slightly
clayey dolosilt, which had been designated by Parker (1351) and
later authors as part of the overlying Tamiami formation.

The top of the redefined Hawthorn formaticon (of
Wedderburn, et al,, 1982} ranges from 0 teo -40 m (WGUD) and the
thickness from 130 teo 250 m). The expanded Hawthorn formation
iz composed of a lower, predominantly carbonate membar and an
upper predominantly clastic member. EBach of the two members
consists of three lithic zones with wariable percentages of
fine-grained carbonate [(marl-7), limestone, guartzs sand,
phosphorite, and clay (Wedderburn, et al., 1332).

The assigned age of Hawthorn deposits has varied from
Oligocene to Pliogens (Figure 6). Dall and Harris (1832}
ariginally designated the Alum Bluff Formaticn to the "older®
Miscene, Extension and redefinition of the Hawthorn Formatbion
by Matson and Clapp (1909} and the Alum Bluff (Sellards, 1913}
recognized three Miocene stages (early, middle and late) and
placed the Hawthorn intoe the middle Miocene stage.

Fecant bicstratigraphic analyses of the Hawthorn

Formation by Huddlestun (1982) and Huddlestun, et al. ({1582)
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uzing planktonic forams and diatoms, identified an early
Miocene to Pliocane age for Hawthorn Group deposits. The wide
range of depositicnal ages i3 supperted by correlaticn with
interpreted ages of land mammals at sites throughout peninsular
Florida (McFadden and Webb, 1382). An early to late Miccene
age for Hawthornm Group deposits is also recognized by Scott
(1932, 1%588).

Bigstratigraphic analysis of Lee County wells by Pack
(1976) indicates a late Miccene (MN=17; Blow, 196%) to Fliccene
(M=19/20} age for Tamiami deposits. Those late MNeogene, sandy,
clayey dolesilts were considered to be Hawthorn deposits using

the redefined nomenclature of Weddarburn, at al. {1982).

Tamiami Formation

Sandy, shelley limestones from Lestman and Allen Rivers
in scuthwest Florida were first described by Dall and Harris
(1892; Takle l). Sanford {1320%) named thisz unit the Logtman’s
River Limestone., Cooke and Mossom (1929) believed those
deposits to be synonymous with the Miami Qolite, but described
shelley limestones from the ditches of the Tamiami Trail in
Collier and Monrpoe Counties which they mapped as part of the
Caleoosahatches Formation.

Mansfield (1239} mapped the same flat-lving, thin (<25

feet}), sandy, shelley limestones along the Tamiami Trail and
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Synopsis of names, ages, and disposition of

rocks now assigned to the Tamiami Formation (modified
from Feck, et al., 1979b).
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recognized it az the Tamliami Limestone. Cooke (1343)
recognized that the Tamiami Limestone was identical to the
Lostman’ 3 River Limestone, but did not revive the earlier name
because the type section was submerged and it possessed no
distinetive fossils (Peck et al., 19%79bh). Additionally., Parker
(1342 recognized the unit as the Tamiamli Formation because he
considered it too sandy to be a "limestone™.

On the bazis of macro-fozgils from a Jeollier Jounty
quarey, Parker (15%51) expanded the formation te include "all
upper Miocene deposits in scuthern Florida"., This redefined
foermation included; the Tamiami limestone, the Buckingham
limestone (named by Mansfield, 193%) and a =ilty, greenish clay
marl underlying the Biscayne Agquifer (previously considered
part of the Hawbthorn Formation) .

Figure 7 illustrates the expanded Tamiami Formaticn as
described by Peck, et al. (197%asb; Lee County Well L-19384).
This wall log shows the wvariable lithologic nature of these
deposits which range from shelley limestones, to quartz sands
Lo phosphatic clays., Upits 3-8 in Figure 7 is that partiun.
which was added to the Tamiami Formation by Parker (1851).

chroeder and Klein {(1%54) and Dubar (1358} recognized an
uncenformity between the Tamiami and owverlying Caloosahatchee
Formations. Missimer (1978) suggested that the base of the
Tamiami Formation be placed at a pronounced unconformity mapped
throughout Lee and Charlotte Counties.

Hunter (19368} identified upper and lower Tamiami members
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TAMIAMI FORMATION
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with at least three concurrent macro=-fosszil assemblage zones
{(Figure 8). These unconformity-bounded, diachrencus zones, aﬂd
a late Miocens to middle Fliocens age were suppﬁrtﬂd by diatom,
foram, and calcarecus nanno=-fossil analyses by Akers (1974),
Peck (19%76) and Peck, et al., (137%b}.

These studies and others by Hunter (1378) and Wedderburn,
et al. (1382) all indicate a late Miccene age for the clayey
and zandy units added to the Tamiami Formaticn by Parker, and a
middle Pliccene age for the overlying Pinecrest, Ochopee, and
Buckingham members (Hunter, 1978; Table 1). In light <of these
age assignments, Wedderburn, et al. (1%8Z) have suggested that

the Tamiami Formation be restricted to the Pliccene age sandy,

shellay limestonas,

Quaternary Stratigraphy

Caloosahatches and Fort Thompson Formations
A composite lithelogic section of the Quaternarcy deposits
cutcropping along Shell Creek, Charlette County, i3 presented
in Figure 9. Thisz section, redrawn from DuBar (1938},
exaggerates the total thickness of the deposits by utilizing
the maximum thickness of each described unit. The basal
Quaternary deposits consist of a weathered, cooglomeratic

limestone {unit A) lying unconformably on
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COMPOSITE QUATERNARY SEGTION:

Shell Creek, Charlotte County

Radrawn frem DuBar, 1353
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calcareous clays of the Tamiami Formation, and grading upward
inte a sandy, shelly, slightly phosphatic, calcarecus mudstone
(unit B),

The unit B mudstone iz overlain by a thin, sandy, muddy
limestone {unit C) which grades upward inte unit D, which is a
vary shelly, sandy mudsteong. Unlt E i; a shelly, sandy
limestone similar to unit € and alse grades upward into a
gsandy, shelly mudstone (unit F) which iz unconformably overlain
by clean to slightly muddy qquartz sands (Fort Thomoscn
Formation; Figure %). A thin freshwater calcareous mudstone,
termed the Lake Flirt Marl, usually overlies the Fort Thompsaon
zands {Puri and Verneon, 1%64) but is ot present in the Shell
Creek area (DuBar, 1958).

These individual units are usually thin (< 1 m),
distributed discontinuously (Puri and Vernon, 1264; DuBar,
1974}, and with the excepticn of the clean sands have diverse,
wall-preserved molluscan fossils (DuBar, 1958; Hunter, L1978).
Extenzive analysiz of Ehe molluscan fossil assemblages and
mapping of the resulting, discontinucus bio=-facies has led to a
plethora of described beds, members and informal formations
(see Purli and Vernen, 1%64 for complete descriptions). &
correlation chart showing the development of the Calocsahatches
and Fort Thompson nomenclature is presented in Figure 149,

Sandy, mollusc-rich limestones, fine guartz sands and

marls outcropping along the Caloosahatchee Biver in Hendrv,
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Zlades and Lees Countiesz were descrikbed and azsigned a Pliocene
aga by Heilprin (1887). Dall and Harris (1892} econcurred with
the FPlioccene age and named the deposits the "Calnésahatchae
beds of marl™. Sellards (1913} recognized the Pleistocens age
Coffee Mill Hammock Marl and Fort Thompscon Beds, and Cooke and
Mozsom (1392%) formally described the Fort Thompsen Formation
(Figure 10}.

DuBar {1%58) identified Pleistocene vertebrate fossils
within the Calooszahatchee Foarmation and zssigned the Formation
an early Fleistocene age (previcusly Pllocene; Figure 14).
Brooks (1%68) used Th/U dated corals to separate a combined
Fort Thoempson-Calogszahatchee Formation into a series of six
depositicnal sequences which he sorrelated with interglacial
saa level high stands. Perkins (1%68; 1977) used a variety of
features indicative of subaerial exposure (i.e., =scils, bored
surfaces, freshwater limestones, and caliche) to differentiate
five Quaternary depositional sequences,

Ferkins (1377} interpreted barrier-beach, lagoon, and
tidal-delta envicronments within each of the five, unconformity-
bounded depositional sequences and correlated the sequences
with chronostratigraphic units defined by amino acid
gepimerization (Micterer, 1%75). Although Perkins (1977}
ignored existing stratigraphic terminolegy, Hunter (1%78)
recognized similar unconformity-bounded sequences and suggested
that all Quaternary deposits of southwest Florida be placed
within an expanded Fort Thompson formation. Much of the pre-

exlsting formation and member nomenclature would be retained £o
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define chronostratigraphic and environmental subdivizions
(Figures B and 10}.

The historical development and regional coerrelaticon of
the Hawthorn, Tamiami and Caloocsahatchee/Fort Thompson
Formations hawve followed similar patterns. Lithologically
distinct and areally restricted beds were described and then
raized Lo formation status in order te facilitate regicnal
mapping. Conbinued areal correlation of the litho-types forced
inclusion of a larger range of lithologies, which further
diluted the character of the criginally Jdescribed formation or
bad.

The inherent vaiibility {i.e., lateral facies changes)
and paucity of surficial exposures of these deposits has
hindered consistent stratigraphic correlations and led to
ongolng revisions and redefiniticons of areally resticted
members and formations. Although the reliange on lithe=types
for areal correlation i3 g¢orrect stratbigraphic procedure, it
often ignores described uncenformities and has resulted in a
proliferation of teminology that mﬁy or may not have palao=~
environmental, hydrogeocloglc or chronostratigraphic

gsignificance.

Seismic Stratigraphy

Seismic investigations of the study area have been

ralatively rare. High resolution seismic reflection studies
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have been conducted within the Myakka/Peace Rivers and upper
Barbor area (Wolansky, et al., 13B3) and the Calgoosahatchee
River/San Carleos Pass area (Missimer and Gardner, 1376&) for the
purpose of mapping the distribution of shallow agquifersz and
confining zones. Nelther of thaese studies utilized a grid
pattern of seismic profiles such that sei=zmic seguences cannot
be mapped in three dimensions from the straight line profiles,

The seismic profiles from both studies were correlated
with subsurface lithologic data from wells adjacent to
waterways and both indicated four lithologic sequences (from
the bottom up): 1) phesphatic limestone, 2) sandy, shelly,
limestone and/for sandstone, 3) gray to green calcaresous clay
with some szand and shell, and 4} fine to medium guartz sand
with wvaryving amounts of marl shell, clay and pheosphate.
Acoustic velocities, which varied from [.495 mimsec for
ceawater to 3,350 m/msec for the phosphatic limestones, wera
calculated from the correlation of seismic reflectors and
lithelogic unconformities {i.e., depth in meters divided by
travel time in msec = wvelocity in m/mzec).

A grid pattern <f seismic reflection profiles were
collected by Olsen (1980) for a 23 km’ area off Captiva Island
for the purpose cof locating beach compatible sand resources,
Although this study covered a very small area, Olsen was able
to correlate seismic unconformities with subsurface lithologies
from adjacent cores. In water depths of 6-8 m, a shallow
limestone was mapped consistently throughout the area at a

subbottom depth of <3 m (9=12 m total depth) and was correlated
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with a "mediuvm hard, soluticon-riddled, fossiliferous
limestone”., An underlying unconformity surface at 12-15 m was
interpreted to have developed on an earlier Fleistocene
limestona and containg several localized, erosisn channels with
depths to 18=25 m (based on acoustic welocities of 1.4%8
mimsec) .

In addition to the few seismic studies conducted in
scuthwest Florida, several studias from outside the immediate
study area contain important background infﬂfmatinn. Mitcahum
(1978} conducted an extensive seismic study of post=Cretacecus
deposits of the west Florida slope using a seismic sparker
system with approximately three seconds of penetration and
correlated the profiles with sedimentologic and faunal data
from seven coreholes. His conclusions pertaining to Cretaceous
and Paleogene deposits are summarized in a previous section.

Tsing standard seismic sequence procedures (i.e., Vail,

£t al., 1977, Mitchum identified four Miocene depositicnal

sequences (lower, lower-middle, upper-middle, and upper
Miccena) . Corehole 33=-48, which is approximarely 170 xm west
of Charlotte Harbor (approximately 1000 m water depth),
contained middle and upper Miccene sediments with a mixed fauna
from middle-bathyal (450-%00 m} and middle-neritis (30-50 m)
gsources indicating a significant off-shelf sediment transport.
Oligocene and early Miocene deposits consist of
argillacecus to slightly argillacecus carbonates deposited as
westward prograding clinoforms. Middle and late Miccens

deposition became increasingly rich in terrigenous clays
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(decreasing te the south) with late Miocense/Plioccene segquence
gecmetry changing from prograding clinoforms to thin lenses
cverlying the clinoform slopes.

Mullins et al. (13987:; 1988) have refined the work of
Mitchum (1378) by creating a high density seismic network with
associated piston cores and sediment samples on a small portion
of the west Florida slope. Mullins et al. (1%87) recognize
anly thres Miccene sequences (composed of discrete, higher
frequency depositional cycles) and atkribute the mid-Miocene
change from prograding clincform to lense sequence Jgeometries

L2 an intenzification of the Loop Current.

Southwest Florida Hydrogeology

The hydrogeclogy of southwest Florida has been evaluated
many times, although usuwally on a local or site specifiec scale,
i.e. Sproul, et al., (1%72; Leheigh Acres aresa), Boggess (19%74;
SGanibel Island), Sutcliffe (1575 Charlotte County), Wilson
(L8377 Hardee/DeSoto Counties), Missimer (1978; Lee County),
Wolansky (1983, Charlotte Harbor), and Wedderburn, st al.
(19582; Lee County). The hydrostratigraphic claszsificaticons of
zome of those studies are presented in Figure 11,

The Floridan Aquifer (Parker, 8t al., 19%55) or Floridan
Aquifer System (FAS; Wedderburn, et al., 1%82; Mever, 1382}
congists of several discrete producing zones within the Eocene

to Miccene carbonates. Water resource investigations in



63
southwest Florida have usually ignored the lower Floridan units
due to the low water quality (high salinity and total dissolwved
solids). Utilization of these aquifers for waste disposal and
water storage will require extensive research on their geclogic
and hydroleogic properties (Meyer, 1982).

The base of the Floridan Aquifer System is a secuence of
impermeable Pzlegcene evaporites (the Cedar Kevs Formation)
which is cwverlain by the caverpnous, early Eccene, Oldsmar
Limesztone. This unit, called the Boulder Zone Aguifer by
Fohout (1967}, is considered to be in bydraulic connection with
the deep ocean along the southern and southeastern margins of
the Florida platform (Kohout, 1967; Meyer, 1982). 2

Hohout (1967) and Kohout et al. (19739} have postulated an
inland, convective Elnw of seawater in the boulder zone that is
balanced by seaward, freszh and/or brackish f£flow in the
overlying principal aguifer. This hypothesiz iz supported by
cemperature gradients in deep wells across peninsular Florida
{Eohout, 1267} and by the existence of gecthermal springs with
glevated calocium-magnesium ratios along the southwest Florida
coast (Eohout, et _a'_'];_, 1878; Fanning, at &, 1981y .

These springs have been estimated to flow £rom depths of
J00=300 m based on lecal gecthermal gradients {Kohout, et al.,
1979). Wells to similar depths have penetrated thisz warm (35-
38°C), saline aguifer and must be plugged and capped to prevent
contamination of overlying agquifers {(Sproul et al.., 1972). OCne
such zite 1z a free flowing well aleng the east shore of

Charlotte Harboer ({Burnt Store area; estimated flow of 2750 gpm;
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Rosenau et al., 1977),

The middle and upper Eocene deposits consist of several
permeable and impermeable zones that are in variable hydraulic
connecticon with the underlying boulder zone and gverlylng
Frincipal Adquifer through fractures and sinks (Meyer, 1982).
Meyer also believes that these aguifers are connected to the
ocean, but are not connected to updip areas of freshwater
recharga due to the presence of gypsiferous beds under the
scuth=central sinkhele lake region. These marine to brackish
aguifers are overlain by impermeable chalky limestones,
dolomites and localized evaporites which separate these
"intermediate Oldsmar agquifers" from the overlying "Principal
Agquifer™ {Meyver, 1332).

The Principal Aquifers {or deeper aguifers of Wedderburn, .
et al., 198Z) censist of porous limestones and dolomites of the
Ocala Group and the Avon Park and Lake City Limestones. There
may be two or more permeable zones within this unit which are
combined due to its overall water-hbearing properties and the
paucity of data on specific aquifer-aguaeclude boundaries
(Meyer, 1982).

The Suwannee agquifer is separated from the underlving
Principal Aquifer by a 15 m thick bed of clay or argillacecus
limestone (Wedderburn et al., 1982). Permeability in the
Suwannee aguifer is associated with moldie porosity of mollusc-
rich zones and occasional sandstones which are separated by
clays and/or caleilutite (Wedderburn, et al., 1982). The top

of the agquifer is identified asz a pronocunced attenuation of
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gamma prefiles due to a confining clay bed (Wedderburn, et al.,
1982).

Early and middle Mioccene deposits overlying the Suwannes
Aquifer consist of interbedded limestones, dolomites, clays,
and phosphatic dolosilts that act as a major confining zone for
the Floridan aguifer system. The hydrogeologic significance of
these units was documented by Back and Hanshaw {1970). Their
study compared the hydrogeclogy of the Yucatan and Florida
peninsulas and found that the Yucatan, which is comprised of
Cretacegous Lo Quaternary karstified limestones, has developed a
very thin, unconfined freshwater zone over a saltwater aguifer.

As a result of the depeosition of relatively impermeabla
clays, marls, dolesilts, ete., over Palecgene karstified
limestones, peninsular Florida has developed relatively higher
heads and a deeper flow system (as described above; Back and
Hanshaw, 1970). Hanshaw, et al. {1%71) have also suggested
that the development of the flow systems in concert with
fluctuating sea levels has caused dolomitization of calcite and
aragonite and hence, the diagenetic alteration of the carbonate
platform.

The transitional litholegles which comprise the confining
beds of the FAS contain sewveral independent hydrolegic units
(Figure 13; Parker, et al., 1855; Sproul, et al., 1872;:
Wedderburn, et al.,1%82). Wedderburn, et al., (1%82) and
Sutcliffe (1975) each describe two producing zones in these
strata for Lee and Charlotte {ounties, respectiwvely. Boggess

(1374; Sanibel Island), Wilseon {1377; Hardee/DeScto Counties)
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and Wolansky (1383; Charlette/Saraseota Counties) indicate only
one producing zone within the same deposits.

Permeability within these deposits is loccated near the
formational contacts and is associated with the disscelution
and/or reworking of molluscan carbonates (Wedderburn, et al.,
1382; Meyer, 13B2), Sutcliffe {1375) also states that these
artesian systems leak upward in western Charlotte County and
flow as springs in the southern part of the County.

Shallow artesian aquifers within the upper Hawthorn
andfor Tamiami Formations have been identified in Lee and
Charlotte Counties {Figure 11). These agquifers are composad of
sands and sandy, shelly limestones that are locally confined by
impermeable clay beds (Missimer, 1378; Wedderburn, et al.,
1582} . Aquifer porosities and permeabilities wvary vertically
and laterally with lithology and the highest porosities are
associated with a Pliocene patch reef facies in zouthern Lee
County (Meeder, 1%79; Klinzing, 1982).

Faw ragional geclogic and hydroleogic studies hawe
cccurred in this area and it i3 not known if thesze different
interpretations represent real gecgraphic variations in
hydrolegic or geologic properties, differing stratigraphic
interpretationz and/or nomanclature, or different tendenciss
toward grouping or splitting of hydrogeclegic units. It is
clear that enhanced porosities and permeabilities are
agssociated with specific zones of secondary dissclution, and
that these zones are at least partially confined by subsequent

changes in the depositional environments.
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METHODS

Juaternary Sequences

The Quaternary sequences infilling the study area were
obtained from 40 vibraceres collected using the procedurss and
apparatus described by Lanesky gt al {197%). Vibracore sites
ware picked to coincide with seismic profiles and locations
were determined with LORAN C and fixed reference points., Water
depths at core sites are referenced to Mean Low Water (MLW) by
correction of measured depths with predicted wvalues (Maticnal
Cceanic and Atmospheric Administration, 1985) .

In the laboratory, the cores were split and described
with reference to: color (G35A rock color chart),
macro-fossils, wvisually estimated grain size, bicturbaticn and
root fragments., Seventy-—-five samples from 10 cores were
analyzed for grain size discributions and percent carbonate.
Analytical procedures followed Folk ({1930} with sieving at 1
phi intervals (-1 toe 4 phi)} and pipetting at the 5, 7 and 8 phi
intervals. Percent carbonate was measured by acidificatiocn and
point cocunting of carbonate=gquartz grains,

Pergent organic carbon and 4''C (PDBE standard) were
analyzed for 33 sub-samples selected from the preceding 75
samples. The subsamples were air dried, ground with a mortar
and pestle and sieved to remove coarse CalCd, particles. One

gram samples were acldified (10% HCl} and combusted following
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the procedure of Sackett and Thompson (1963). The resulting
C0; was measured manometrically to quantify the % organie
carbon-and analyzed in a Varian MAT spe¢trbgraph fur the carbon
13/12 isotope ratio. '

The depositional sequences defined from the wvibracores
are compared with modern depositional environments by the
statistical interpretation of sedimentological data from 215
surface sediment samples collected and analyzed by Huang
{1266) . These data were re-analyzed using Q-mode factor and
K-means cluster analyses in order to sedimentologically define
the modern depositional environments and delineate their
distribution. The parameters used for the statistical analyses
are: % gravel-sand-silt-clay, mean grain size, standard
deviation, skewness, kurtosis, % CaCd,, % organic carbon, and %
organic nitrogen. Analytical procedures and trend surface
analysis of the data set have been published as Huang and
Goodell (1367).

The factoer and cluster analysis procedures of this study
ware computed using the SYSTAT, Inc. statistical software
(SYSTAT, 1383). The prinecipal components factor analysis was
calculated from a Pearson correlation matrix and the resulting
factors were sorted and rotated using a varimax opticn. The
K-means cluster analysisz was used to assess the similarity
between stations and verify the groupings established by the
factor analysis.

Twenty articulated Chicone cancellata and Mercenaria

campechenszis shells were age dated using the aming acid
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racemization (AAR) technigues of Eelknap and Webhmiller (1980)
and Wehmiller and Belknap (13982). Aminoe acids may occur in two
staro-igcomerz (enanticmersz) designated as 0 or L. Livinog
organisms construct protein almost exclusively from the L=
enanticmers. ARR measures the amount of change in the ratio of
DfL-enantiomers of amina acids found in fossils, which changes
with geoleogic time, from an initial value near 0.0, toe an
equilibrium wvalue near 1.0.

The rate of change, or racemization, is.dependent
primarily on temperature, but alsso wvaries t¢ a lesser eaxtent
with genus and leaching. The D/L ratios can be used
independently as a stratigraphic indicator (amino-
stratigraphy), but in g¢rder to provide a Jdate, must be
calibrated with radiometric data. The AAR dates presented in
this study are based on the calibrated kinetic model and
regional isochrons of Webmiller and Belknap (1%82) which has an

uncertainty of +/- 20%.

Seismic Reflection Preofiling and Analysis

The primary data base for this study is a network of high
resoluticn seismig reflecticn profiles. These profiles are
created by short duration acoustic pulses generated at set time
intervals by a device towed from a moving vessal (Figure 12}).
The acoustic signals propagate through the water column and
subsurface stratsa as compressional or P waves., A portion of

the signal iz reflected off the zea bhottom and subsurface
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horizong and is recorded as time of travel (TT:; e.g., elapsed
time from signal generation to return of reflected zignal) by a
towed receiving hydrophone (Figure 12). -

An acoustic wave propagates through water, rocks and
sediments at different wvelocities depending upen the density
and elastic properties of each medium (Hamilton, 1970):

V, = [ (E+4/3u} /gl
Wharea; V, = the wvelacity of the primary, compressicnal
wave in non—-porous rock (shear wawves will not
propagate through water);
P = bulk density of medium;
| K = bulk modulus, a measure of resistance to
elastics | COmMprassioan;g
propertias |
I ¥ = shear modulusz, a measure of rigidity.

When a propagating acoustic (pressure) wave encounters a
boundary of different density and/or welocity at a relatively
small incident angle, a small amount of the wave energy 1s.
reflected back bEo the surface where it is received by an arrav
of pressure sensitive hydroophanes or gecsphonses. The réemaioing
acoustic energy i3 transmitted through the bhoundary and
continues Lo propagate downward., Ewventually, the wave energy
iz reduced through multiple reflections and mcre importantly,
by attenuvation due to dispersion, heat loss, etc (Dobrin,
1978} .

The magnitude and intensity of a recorded reflection
event (or reflector}) depends on the magnitude of the

valocity*density contrast across the houndary. The

velocity*density product (pV) iz called the acoustic impedance



73



oM SHIP
- - =y
Mav. System [~ Clock Deta Logger
3
Tape ] Seismic || Sigral
Recorder Aecorder Frocessor
[:_ Triggar Pulse _:}
Primary t
Energy - Trigger Lnit
.
Source |
l:_ Energy Pulsa _)

e Receiving Transducer
Transducer
A
SQUMD 1N
o Hicaiving  Transducer

74



75
and i5 a measure of the medium®s capacity to propagate the
acoustic wave., The impedance contrast across a boundary can be

quantified as:
BV -, MV,
Reflection coefficient, R = BV, 4D, "V, Equation 1
where: p,*V, iz the impedance ef'laye: 1,
B *V, is tha impedance of an underlying layer 2.

R is a dimensionless quantity between +1 teo -1.

An example of a strong reflection iz Che seawater-
geafloor boundary which has an R value of 0.&7. The air-water
boundary has an E walue of 0.5%% (Vp air=330 m/=ec; Vp
water=1500 m/sec). This large R wvalue results in strong
reflections across that boundary which causes reverberations or
multiple water-bottom reflections. These multiples owerprint
the real subsurface reflectors at various combinations of the
water depth and must be factored cut of the data
interpretation.

Hamilteon (1970) conducted a series of axperiments on
marine sediments to quantify the relationships between sound
Vvelacity and wvarious sedimentological properties, i.e..
dengity, porosity, grain size, mineralogy, stoc. Hlis results
indicate that mean grain size is the best index property to
sound velecity in continental shelf/slope sediments and that %
clay, porosity, and density are all empirically related to
veloocity and impedance,

The slgnificance of these results iz that the wvelocity
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structure and impedance of marine sediments are directly,
albeit empirically, related to commonly measured geologic
properties, Therefors, with the exception of multiple
reflectors or reverberations, acoustic reflecting surfaces have
real geclogic significance.

There are a varlety of seiasmlic reflection devices used
for subsurface analyses. High-freguency tuned transducers use
pscillating crystals to produce very NACroWw Fange acoustic
pulszes betwean 3=7 kHz. Boomer type systems employ high
vgltage electronic surges to rapidly force 2 metal plates apart
and back begether to generate an cutgoing acoustic pulsa.

Other commonly used systems inslude sparkers which also use
high wvoltage surges to vaporize water creating a large air
bubble, and air guns which employ pulses of compressed air to
create a low fregquency acoustic signal.

The specific device used depends con the subsurface
penetration and resolution required, High freguency acoustic
waves are attenuated much faster than low Efrequencies such that
low frequencies must be uwsed deep penetration (i.e., 1-3 km for
large air guns; Dobrin, 1276). The ugse of low frequencies
limits resoluticn (or the ability to discriminate closely
spaced reflectors).

Eecause [Frequency = Velocity/Wavelength], low
frequencies produce long wavelengths (Dobrin, 1376}).

Resclution is appreoximately egqual to 0.125 to.0.2530 =
wavelength (Sheriff, 1977). The hoomer type devieces used in

this study produce a hroad fregquency acoustic pulse centersd
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arcund 4000 kHz. Assuming a wvelocity of 1700 m/sec for
unconsolidated sediments, the theoretical resolutien of these
systems is 5-10 cm {fredquency = Vp/WL, or WL = Vp/freq.;
1700/4000= 0.425 mfeyvele x 0.125 to 0.250 = 0.053 to 0.106 m).
The physical limitations of the graphic recorder and practical
considerations of veloclity structure and interpretaticn reduce
the resolving ability to 30-B0 cm.

Two different high resclution profiling systems were used
in this study. An E.G.& G. "Uniboom™ was used for profiles CH-
0L to CH-0B and fired at a 200 joule power setting and a 0.10
second sweep. Profiles CH=09 to CH=23 were collected using an
Q.R.E. "Geopulse" at 175 joules and a 0.125 second sweep.
Mavigational fixes were obtaiped at course changes andlfor 5
minute iptervals using LOBAN C and adjusted to fixed reference
points {(channel markers, etgc).

The zeizmic data were interpreted using the stratigraphbic
procedures of vail, et al. {1%77), Brown and Fisher (1%80), and
Vail {1987). Lithologv or impedance based seismic reflections
are ogne of three possible types (Vail, 1387): 1) reflections
that £ollew syochronous geologic time lines, 2) unconformities
or dewnlap surfaces, and 3) rare reflections caused by fluid
interfaces or diagenetic surfaces.

The basic analytical steps of seismic stratigraphy are:

1} zeguence analysis=definitlon of sequence unconformiby
bounded depositiconal saquences, 2} integration of seismic data
with geologic data from wells and ouktereps, 3} facies analvsisz-—

reflector gecmetry, continuity, etc., within sequences, 4)
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reflecticon character analysis, i.e., amplitude, freguency and
Y creation of a geologic model.

A depositional sequence iz defined as:

-A stratigraphic unit compeosed of a relatively

conformable zuccesszion of genetically related

stata.

-The upper and lower boundaries of a depositional

sequence are unconformities or their correlative

conformable surfaces (Brown and Fisher, 1980).

Sequence bounding unconformities may be classed as:

-Type 1 sequence boundaries; a regiconal surface

characterized by subaerial exposure and ercsicn

aszociated with stream rejuvenation, a baszinward shift of
facies, a downward shift in coastal onlap, and onlap of
ovarlying strata...

-Type 2 sequence boundaries; a regional surface marked by

subaerial exposure and a downward shift in coastal onlap

landward of the depositional-sheoreline break; howewver, it
lacks both subaerial ercosion associated with stream
rejuvenation and a basinward shift in faciesz (Vail,

12871,

These two types of boundaries lead to type 1 and type Z
Sequences which are defined by the nature of the bhaszal
unconformity: i.e., a type 1 saquence iz bounded at the base by
a tvpe 1 boundary. The sequences may also be subdivided into
systems tractszs or "contemporaneous depositional aystems" (Brown
and Fisher, 1980) based on changes in reflector terminaticns
along a bounding unconformity (onlap and downlap), position
within a sequence and stacking patterns (Vail, 1937). Although
the system tract temminolegy, which is derived from the study

of continental margins, is not specifically applicable to the

paralic sequences defined in this study, the procedure does
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indicate that sequences can be subdivided into consistent
"tracts"™ which indicate a relative, landward or basinward shiftc
of the sequence depocenter.

After the sequences have been defined and mapped {(step
1y, they must be calibrated with subsurface lithologic data and
the seismic time—of-trawvel scale converted to depth via
velogity interpretation (step 2). The procedures for
caleculating seismic wvelocities and litheologic descripticn are
prasented in the Well and Borehole Data secticon. The thiepd
step in the analysis of seismic data is the defigition and
mapping of seismic facies {step 3). Seismic facies are defined
a5 X

=An areally definable, 3I=-dimensional unit composed of

seismic reflections whose elements, such as,

raflection configuration, amplitude, continuity,

frequency and interval welocity, differ from the
elements of adljacent facies units.

-A saismic faciez unit is interpreted to axpreass
certain lithelogy, stratification and depositicnal
Eeatures of the deposits that generate the
reflections in the unik,

{Brown and Fisher, L380%

The focur principal types of seismic facies are
parallel /divergent, progradaticnal, mounded/draped, and
onlapffills. Examples and the geologic implications of each cf
those types are described in detall by Vail et al (1377,
Foskandic (1978), and Brown and Flsher (13980). In this study
facies analysis consists of qualitative cbservations of the

distribution ¢f parallel, prograding, ¢nlap, and channel f£fill
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type units,

The fourth step invelwves reflection character analysis,
ar the Exaﬁinatinn aof the frequency and magnitude of the
individual waveforms which are neot reseolvable on high
regolution records. Consegquently, the fourth and final step in
this study is the the development of a geclogical model which
integratez and correlates the selsmic and lithelogic sequences
inte a predictable pattern of depositional sequences (step 4) .,
Although these procedures were developed for low [requeancy
seismic exploration of continental shelf/slope systems, the
principles are applicable teo the high resclution analvsis of

cozsztal and inner shelf systems (Hine and Riggs, 198g8).

Well and Corshole Data

Lithelogic and geophysical logs from 22 sites arcund
Charlotte Harbor are used to rquantify the seismic model.
Seventeen of these sites are from existing wells drilled and
logged by the I.5, Geologlcal Supwvey, the Southwest Florida
Water Management District and the South Florida Water Managment
District. Three cores drilled by the Florida Geolegic Survey
were re-described from the archives at Tallahassee, Florida on
Ehe Basisz of coleor, wisual grain size, and structure,

Two wells were drilled for this study using a rotary
deill rig with a 16 em bit. Cuttings from those wells were
described during drilling and later re-examined with a

binocular microscope for color, macro-fossils, gross mineralogy
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{gquartz sand, phosphatic sand, limestone etc.) and visual grain
siza . GCraphic litholegic logs for zall gitesz wera radrawn
from descriptive logs to ansure consistency of nomenclature and
graphic symbols. Geophysical logs were evaluated at two foot
{or half zcale} intervals and replotted usipg Lotus 123
software to standardize horizontal and wertical scales.

In order to directly compare seismic and wellhole Jdata it
is peceassary Lo translate the wvertical time scale of seismic
datz Lo true measured depth (i.e., Efeet or meters). This
conversion is possible if the wveloecity structure of the
subzurface strata iz known; distance (meters) = wveloclty
{meterss/second} x time (seconds).

If subsurface welocities and densities are known, it is
possible to comstruct a4 "synthetic seismogram"™ from the pv
profiles usiog egquation (1) which defines the reflection
coefficient R. Two o0f the wells uzed in this study were
drilled for the express purpose of obtalning velocity (sonic)
and density {gamma-—gamma) geophysical logs.

The sonic log regords Ot, oF the time required for a
compressional sound wave to bEraverse cne foot of formation
vargsus depth., 0t 18 gallad the interval transit time and iz
the reciprocal of the sound wave weloclity (Schlumberger,
13972a/b; Doveton, 1986). The scnic scnde employs two
transmitters [(and two recaivers) which are alternately pul=ed
and averaged. In sedimentary formations, Dt depends on several
parameters, principally, the matrix material and porosity

(Coveton, 19%56). Examples of log welcclities and commonly used
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geismic model wvelocities are presented in Table Z.

Weak signals are sometimes strong enough to ftrigger the
near receiver bBut are not recorded at the far receiver. When
this occurs, the scnic curve shows a large, abrupt excursion
toward higher Db values., This ancmaly is known as cycle
skipping and is likely to ogccur where the signal is strongly
attenuated by unconsclidated formations, formation fractures,
gas, aerated mud or rugose salt sections (Schlumberger, 19%72a).

There i5 a wide range in the velocities of lithified
rocks evaluated from sonic logs (i.e., zandstones, and
limestones, 5400=7000 m/msec) and the uwnconsolidated deposits
evaluated with laboratory instrumentation {i.e., sand and clay:
1490-133¢ m/msec; Hamilton, 1370). These wvelocity differenceas
are atbributed primarily to the effects of burial presszure,
lithification and cementation (Schlumberger, 1%72asb; Dobrin,
1874%; Dowveton, l398e).

The density or gamma—gamma Llog emits medivm senergy gamma
ravs (cesium 137 source} inte the formaticn. These gamma rays
callide with the electrons in the formation which causes an
gnergy loss and back-scattering of the emitted gamma rays
{Schlumberger, 197Z2a; Doveton, 1%86). A detector within the
density sende measures the number of backscattersd gamma
particles which is relatad to the electron density of the
formation. Electron Jdensity is related to true bulk density
which is, in turn related to matrix material, poresity, and
fluid density {(Schlumbargar, 12723b).

The influence of the mud column iz minimized by
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eccentering the sonde against the borehole wall., The sonde
used in thisz study iz not calibrated in standard API limestone
poresity or bulk densgity walues such that all density logs are
presented as counts per second {cps) and represent uncorrected,
relative density values.

Acoustic impedance logs were created from the sonic and
density loegs by dividing the density log (cps) walues by the Ot
values (reciprocal wveleocity). Reflection coefficient logs were
then created from the impedance logs using eguation (2) which
compares the impedance from an upper unit with that of a lower
unit;

R ={p,V,=p. Wi} / (B, V4, V,) .
A trug synthetic seismogram wowuld “convolwve™ (or integrate) the
reflection coefficient log with an estimate of the cutgoing
seismic signal ip order to produce the zeismic profile. In
Ehis study, the reflection coefficient logs are compared
directly with adijacent selismic profiles and the mapped seismic
sequences.

Hatural gamma logs are alze axtensively used in this
study because of their walue in correlating formations in cased
or uncased holes and becauwse they hawve been routinely collected
i various monitoring and test wells., The gamma log is a
measure of the natural radicactivity of the formations
iSchlumberger, 1972a). Gamma rays are bursts of high energy
electromagnetic waves which are emitted by potassium isctopes
and elements of the uranium and thorium decay series.

Uranium occurs wia substitution, as a persistent, usually
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minor component in the phosphatic deposits of peninsular
Florida (altschuler gt al, 1964). The gamma rays are capable
of penetrating steel or plastic casing. Although thé casing
attenuates the gamma rays by about 30%, the profile retains its
shape and value for correlation (Doweton, 1%86). wMost of the
logs used in this study are uncalibrated with respect to the

AFPI standards and record counts per second (cps) vs. depth.

Table 2. A&coustic velocities of Selected Materials

Material Velocity (m/msec) Density ot {usec/ft)
Sandstonas* 5488-5945 2,65 55=-51
{Quartz)
Limestones® Bdd2=7012 2.71 47.5
(Calcita)
Colomita= 7012 2.87 3.5
Frazhwatee¥ 1500 1.00=1.10 189
(including deilling mud)
Clay (Marine)*=® 14530 144 =
Clayey sllc =*= 1533 1.30 -
(Marine)
Sand ** 1711-183% 2.72 e

(Marine; fine to coarses)

* Velocities calculated from sonie log velocities, all units
lithified (SCHLUMEERGER, 1372).

** Velocitiesz measured directly from unconsolidated sediments
{(Hamilteon, 1370}.
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RESULTS

Seismic Stratigraphy

Regional Unconformities

The locaticons of the selsmic profiles collected and
interpreted for this study are presented in Figure 13, This
figure also includes the locations of all profile sections
prasented as raw or interpreted data in the figures or
appendices. Two regicnal unconformities {(or reflectars) which
bound six depositicnal sequences and five intervening
disconformities have been identified from the seismic profiles.
The depositional sequence nomenclature to identify these
features iz presented in Table 3.

RBeflectors which can be correlated over the entire study
area and show distinct erosional unconformity are noted by an
"R" npumber with the sediment-water interface bheing R-1.
Underlying regicnal reflectors are labeled as R-2 and E-3 with
an open-ended classificaticon which can be aprended with later
studies, Depositional sequences are labeled with letters and
begin with A as the lowermost sequence following geological
convention. Disconformities separating seguences do not
truncate underlying strata and are numbered from the bottom up,

i.e., 3-1, 3-2, 3-3, .... ({indilcating relaticnship with the R~

3 unconformity) .
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Table 3. Sequence and Reflector Homenclature

Eggiﬂnal Unconformities Local Digsconformities EEEHEHCES

R-=-2 - - - - - - - = =

F

3=5 E

=4 D

3=3 C

3-2 B

3=1 A

The lowermost regional unconformitcy {(R=3) represents
the limit of acoustic penetration throughout most of the
study area. Figure 14 iz a structure contour of the R=3
surface with depth denoted as two=way travel time (Z2-way TT) in
milliseconds (msec). Using an assumed velocity of Z.0 m/msec
(Table 2; 1.7 m/msec for unconsclidated Quaternary deposits),
and dividing the 2=way TT by 2, for l-way TT, the depths in 2=
way TT are egqual to depth in meters (i.e., 100 msec x 2.0
m/imsec x 0.3 = 100 m}.

The depth of the R-3 unconformity varies freom leszsz thano
20 msec to more than 100 msec (Figure 14). The lows in the R-3
structure contour are aligned as a broad system of NE-SW and
HW=3E trending troughs. The trough svstem reaches itz maximum
depth under Pine Izland Sound (115 msec 2-way TT) and continues
offshore to the MW under Sanibel and Captiva Islands and

axtends southeasterly under southern Sanikbel Island and 3an
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Carlos Bay.

A north to northwest trending trough also underlies the
upper and lowar Harbor area with maximum observed depths of 85
mses. A structural high apparently separates the Pine Island
Sound trough from the Harbor trough. Although the Pine Island
land mass reduces the water-based seismic coverage in this
area, the structural high is present on both sides of Pine
Island and is colncident with the Captiva shoals and Liktle
Pine Island.

The character of the R-3 reflector iz also wvery different
betwaen the high and low areas. Figure 15 is a portion of
saeismic profile CH=-08 from the lower Harbor which shows the BR-3
unconformity as a strong, irregular surface with no penetration
of underlying strata. Overlying stratal reflectors downlap at
relatively high angles cnto the R=-3 such that the unconformity
is easily correlated between profiles,

Figure 16 shows the R-3 surface within a structural low
(CH=28; southern Pine Island Sound). Here, the R-1 reflector
15 continucus and moderately strong with the overlying stratal
reflectors showing flat-lying, continuous aggradation onto the
E=3 surface. Despite the very low angle offlap or aggradaticn
of segquence E reflectors within the structural lows, the E-3
surface still represents a strong erosional unconformity as
indicated by the angular unconformity in Figure 17 (COH=-28;

gcuthern Pine Igzland Seund) .
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Figure 18 1s a structure contour map of the R-Z
unconformity and indicates that structural lows of this surface
mimic the owverall trend of the underlying R-3 surface. The
broad troughs of the R=3 surface have been mostly infilled and
the remaining relief is present as narrow channels (note the
change in scale between Figures 14 and 21, from 10 msec
contours to 4 msec contours). The channelized appearance of
this relief from the structure contour is indicated by Figure
1% (CH-07; central Pine Island Scund) which shows the R=2
surface as a distinect downcutting channel.

Within the upper Harbor the R-2 surface is represented by
multiple channel structures that cannot be individually
corralated with the present profile grid (Figure 20, CH-04;
upper Charlotte Harbor). These channel structures probably
represent a combination of synchronous channel erasion and
migration, and apericdic, sea level controlled, channel
reactivation.

Seaward of the modern barrier system, the R-2 surface
QCCUrs as a strong, continuous, flat lying unconformity which
sharply Lruncates the underlying seguences (Figure 21; CH-09,
seaward of Boca Grande Pass). Using a selsmic velocity of 1.7
m/msec for the unconsolidated Quaternary deposits (Table 2},
this portion of the R-Z unconfomity can bhe correlated with a
"medium hard, seolution riddled, fossilifercus limestone™
described by the U.S. Department of the Army (Corps of
Engineers, 1%63). The gecmetry of this unconformity suggests

that it represents a ravinement or zone of shoreface srosicn
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(Mummedal and Swift, 1987).

Depositional Sequences

Six depositional sequences have been identified between
the two regicnal unconformitiss. The updip limit of each of
these sequences (labeled 3A-F; from the bottom up) is presented
as a subcrop map in Figure Z2. These units, and the stratal
reflectors in each sequence, dip te the scutheast with the
exception of Saquence 3E. Selective deposition within the
structural lows and/or subsequent erosion from the Captiva
Shoals/Little Pine Island high has resulted in an anomalous
subcrop distribution for Sequence 3E, relative te the generally
Linear pattern of the other zequences (Figure 22),

It 15 posaible, and likely, that additional sequences
gccur between the two regional unconformities sutside af the
study area. The recognition of Sedquence IF is based on noen-
conformable sequence boundaries on short sections of only three
profiles (CH=-21, 27 and 28), and can caly be tentatively
mappad. The updip limit of this szequence is illustrated in
Figure 23, and indicates a pattern of opposing reflector
orientations and terminaticns relative to the underlying 3E
unit {i.e., short steep clinoforms-sequence F vs. long, low
angle clircforms-secquence E}. However, the major body of the
3F unit probably continues to the seuth and may underlie

additiconal depcsitional sequences.
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Likewize, there iz no aszurance that Sequence 3A
represents the ipitial depositional unit on the RB=3
uncenformity. However, some portions of the R-3 unconformity
underlying Segquence A occur at a subsurface depth of only 16-
20 msec (Figure 24; profile CH-01, 1635-1845). Alsc the
Sequence A reflectors downlap directly on the BE=3 unconformity
with no underlying sequences as in Fligures 15 and 20 (Figure
24). Although these factors indicafe that Sequence A is
thinning and approaching the land surface in a northerly
direction, they do not prove that Sequence A i3z the basal
depositiconal secuence on the R=3 unconformitw.

Structure contour maps and isopach maps of the individual
sequences are included as Appendix II. The structure contour
maps show the top of each Sequence (and the bottcom of the
overlying sequence) and consequently represent the
disconformity surfaces separating each depositiconal seguence.
Figures 25 and 26 fllustrate the relaticonship betwaan
depositional sequences (Iscpach map Sequence D; Figure 25) and
the upper bounding disconformity {structure contour map
Sequence D; Filgure 28).

Depositicnal thickening of up to 40 mses (m) of Sequence
0 occurs within the tCroughs (Figure 14} while thicknesses of
<10 msec ¢ccur cutside the antecedent lows, Elongation of
Sequence [ down the trough axes also reflects depozitional
contrel by the antecedent topography. The upper bounding
dizconformity of Sequence [ (struckure cantour, Seguence Dj;

Figure 26}, indicates that the Pine Island Sound/Captiva
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Shoreface and Lower Harbor troughs were only partially infilled
with Sequence D depesition.

Figure 26 shows that those troughs were subseguently
infilled by Sequence E deposition and remain as isolated
topographic depressions in the Sequence E structure contour
map. That SE trending trough, which extends into San Carles
Bay, was not completely infilled by Sequence E and iz the site
of the limited distribution of Sequence F (Figure 22 and
Appendix IXI}. Ino ¢mmbin$tiun with the structure contours of
the regional unconformities (Figures 14 and 18), these maps
tAppendix II) represent a depositional sedquence model which
must be correlated and calibrated with direct lithelogic data

in order to create an integrated geologic model.

Seismic Faciles

Four seismic facies have been identified from the seismic
profiles. The R-2 unconformity separates thin, predominantly
transparent, and channel infill facies from an underlying
series of prograding and aggrading sigmeoid te obligue
clincforms. Post R=Z seguences are generally thin,
acocustically transparent and strongly overprinted with the
bubble pulse and bottom multiples and consequently cannot ke
mapped or correlated between profiles (Flgures 16, 19).

Where channel ipncision has eroded into underlying
seduences (i.e,, Figures 18 and 19} a distinct channel £ill
facies is present. The channel facies possess an asvmmetric,

aggrading pattern of infill indicative of lateral channel
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migration (Mitchum et al., 1977). Many of the structures
contain superimposed channels indicating multiple
infilling/erosion episodes or extensive channel migration
(Figqure 20; CH-04, 1745-53). Concentraticona of infilled
channels east and north of Cape Haze indlicate that the palec-
Peace/Myakka Eivers blsected the Cape Haze Pepinsula in the
vicinity of Turtle Bay and Whidden Creek (Figure 185).

Depositignal sequences below the BE-2 unconformity are
compoesed of a prograding oblique seismic faciesz which iz
characterized by an upper toplap relationship (Brown and
Fisher, 1%849). The updip limit &f Sequence D in Figure 27 {CH=-
d8, 1130-40) illustrates the toplap configuration, which is
alzo common to the updip limits of Sequences B and C. These
sagquences include both oblique tangential and cblique parallel
reflector morphologles (Figures 19, 23 and 27). Within the
topographically low troughs the stratal reflectors of Jegquences
I and E become parzllel and vertically aggradational {Figures
lé and 17) and assume a sigmeid morphology (Brown and Fisher,
1980). As these sequences infill the Pine Island Sound trough,
Sequence E develops an obligue meorphology and laterally
progrades to the southeast (Figure 22; Seismic section E-E7,
Appendix Ib.

Although these Sagquences A-F are compriszed primarily of
only one seismic facie, there is a great range in the lateral
and wvertical dimensions of the stratal reflectors. The stratal
reflectorz of Sequence D (Figure 15} hawve a lateral extent of

as little as 100-250 m and wertical extent of 5-10 msec (Z-way
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TTy. The stratal reflectors of Sequence E oceur over distances
of 1000-1300 m with wvertical relief of more than 3] msec
{Figure 17}.

' The thin, diszcontinucus and/or channelized facies
comprising the post-R-2 units are fundamentally different from
the seismic facies underlving the BE-2 unconformity with respect
Lo continuity, distribution and the internal and external
geometry of the stratal reflectors. Additicnally, there iz a
change from obligque to sigmoid morphology as the sequences

prograde into and infill the antecedent topographic lows.,

Quaternary Sequances

Modern Depositicnal Envizonments

Six modern depositicnal unlts and sub-units have been
identified from the Q-mode factor and X-means cluster analyses.
Summary statistics for these units are listed in Table 4 with
their distributions presented in Figure 28, Compositionally,
Ehe sadiments of this estuarine system have three and members;
a mature, well=-sorted, fine teo very fine guartz sand, a
malluscan shell gravel, and a silt dominated clayey mud. The
savan environments listed in Table 4 represent the three end
members plus three additional sub-units {(the seventh
environment represents the combined shelly sub-units) which
contain differing proportions of the end-members, i.e., a
sandy, shelly sub-unit, muddy shelly sub-unit, and a muddy sand

sub—unikt.
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The Jdistributicon of the units/sub-units in Figure 28
indicates that the units can be genetically inkterpreted on the
basis of proximity to tidal inlets/channels and the fluvial
systems., Five of the six units/sub-units are mapped and
interpreted in this particular procedure. It must be noted
that the warigus statistical procedures produced a uniform
groupling of stations, however, the sedimentological parameters
exhibited a gradaticonal continuum between end members,
Consequently, the boundaries of esach sedimeptological unit have
gome variation between analyses but still maintailned discrete
grouplings.

Figure 28 zhows that the mud dominated and shell
dominated end members bave discrete distributions within the
e3tuarine system. Mud dominated samples are found at the
confluence of the Myakka and Peace Rivers and at the mouth of
the Caloosahatchee River in San Carlos Bay, Shell dominated
zamples are found adjacent to the inlets and tidal channels and
extend throughout the lower Harbor and southern Pine Island
Sound . The restricted distribution of the shell and mud
deminated lithelogies are envircomentally diagnostic and can be
used in the interpretation of wvertical sequences. There is,
however, no clear cut sedimentologic criteria to Jdistioguish
estuarine from lagoonal deposits because both envircnments

produce sand dominated, slightly shelly, muddy deposits.
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Quaternary Seguence Interpretation

Three characteristic litho-segquences are recognized from
40 vibracores taken throughout the Charleotte Harhﬂr-system
(Figure 23). Representative core logs of the wvertical
sequences are shown in Figure 30 {core logs for all cores are
included as Appendix V). The three sedimentologic end members
described in the previcous sectiocn are readily apparent. Core
EE.iFigurgs 30 and 31) contains fining upward sequences (FUS)
beginning with coarse guartz sands and phosphate pebbles which
grade upward into laminated sand and mud and then into
laminated muddy clay. The coarse sand/pebble lag is the only
QJuaternary unit ook recognized from the surficial sediment
analysis. This lithelogy is found only in the subsurface
within the estuarines/lagoon system and consequently was not
szampled or statistically recognized (Figure 28).

The coarse sand/pebble sequences were found only in the
upper estuarine portions of the study area and underlying other
sequance types in the central Harbor area., Although two coarse
guartz/pebble lags cccurred near the base of cores 12 and 15 in
Pine Island Sound, the general location of these sequences,
the presence of thick mud laminae (described only from the
fluvial portion of this system), and the non-fossilifergus
coarse guartz/phosphate pebble lag all indicate that this type
of FUS is a result of fluvial channel and point bar deposition
{(Barwia, 1978; Tayvler and Woodyer, 1978; Smith, 1987). This
interpretation indicates that the mud=-dominated environment as

depicted in Figure Z8 represents ercsional exposure of relict
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fluvizl depegsits, which is supported by the cross section of
Figure 31 and the location of the deep channels in Figure 2,
Cores 25 and 36 (Figures 30 and 31) contain a gradual
transition from the laminated sand and mud of the point bar FUS
Lo a mottled muddy sand. Porticons of core 25 {(300-385 em)
appear laminated and become increasingly mottled upward as a
result of increased bicoturbatien and/or a decreaszed rate of
depogition. Large ghost/mantis shrimp mounds (10-15% cm high
and 20-30 om diameter) are common throughout the upper Harbor
area (personal observation and J. Culter, perscnal
communication) and support the idea of widespread bioturbation.
Cores 22, 38, 3% and 40 (Figure 31) all possass complete
or portiens of FUS beginning with coarse shell lags which fine
upwards to shelly sand and then a shelly, slightly muddy sand.
These sequences appear to become smaller and more numercus from
the estuarine to lagoon porticn of Figure 31. This change is
coensistent with the change from large tidal-channels in the
lower Harbor Lo more ephemeral tidal inlets within the lagoons,
Figure 32 illustrates a core cross sSection across Pine
Island Sound. The lagoonal sequences are composed almost
entirely of approximately one meter thick shelly FUS, which
supports the above ghservation of increasing sequence frequency
and decreasing size from estuarine teo lagoonal cores. Hote alse
the overall increase in carbonate shell material near the
barrier/inlet system. The E-W seismic section in Figure 33
shows pumarous, discontinucsus reflectors with distinc® shannal

morphologies. These structures cannot be mapped or correlated
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due to limited lateral continuity and extensive reworking.

The surficial diszstribution of coarse shell lags and
shelly szands along the barrier/inlet trend and within the
lower Harbor and southern Pine Island Sound (Figure 28) and the
discontinucus, channelized seismic reflectors indicate that the
shelly FUS are the product of flood tidal delta and tidal-
channel migration and infilling {Moslow and Tye, 1985).
Although 1t iz not possible to sedimentoclogically differentiate
overwash from tidal channel deposits, the origin of these 0.5
E2 1.5 m thick sequences as baywide, catastrophic gverwash
avents {Bland, 1385} should produce <Zontinuous mappable
reflectors as opposed to the discontinuous channel structures
of Figures 20 and 33,

Stable carbon isotope ratics are presented in the core
logs of Figure 30 (and Appendix V). The surficial sediment
analyses did not permit differentiation of lagoon and estuarine
deposits. Comparison of o'C data frem cores 10, 12, 22, and 25
indicates that the "estuarine™ deposits of core 25 have o°C
values betwaen -21.8 to =-22.% while the "lagoonal™ deposits of
cores 10, 12, and 22 have values between -16.0 and =13.2. The
more negatlive upper estuarine values indicate the contribution
of organic material from Lerrestrial andSor wetland vegetation
mangroves; —£5 to —2B, Juncus; =24 to -2¢ and terrestrlal
dicots; -22 to -26; Ewvans, st al, 1385). The less negative
lagoonal values reflect the contribution of seagraszses (-13 to

-15 4''C} in combination with marine phytoplankten (=18 te =21).
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Chronostratigraphy
Table 5 presents the results of 20 amino acid

racemization (AAR) analyses on articulated Chicne cancellata or.

Mercenaria campechensis shells. Aminostratigraphy 1s based on

a monotonic lncrease in DL ratio with age, at a rate
determined primarily by temperaturze and genus of the fossil.
Chione and Mercenaria are closely ralated speciaes and
demonstrate little difference in AAR kinetics (Belknap, 1379;
Wehmiller and Belknap, 1%B82). Einetic model ages are
determined from the ARR ratios using assumptions about
temperature history. The guoted model ages cepresent the
Wehmiller and Belknap (1%82) isochreon model ages, with an
uncerktainty of +/=-20 % . AAR amincgstratigraphy and kipetic age
modeling are useful in that the method regquires only 1 gram
samples and extends well beyond the range of “C dating, but
lower precisicn and leaching did effect some results (similar
problems with alteration also effect radiccarben dating).

In Takle 5, data in parentheses should be lnterpreted
cautiously due to analytical problems (potential error is still
within the +/= 20 % uncertalpnty). Alsc ratios greater than
about 0,85 DL leusine are in equilibrium and are quoted as
"greater than™ minimum ages. Data less than 0.2 represeant
poorly resolved Holocene samples. EKEinetic model ages are
guides only: more repeats will be required to clarify
grouplngs, and the presentation of samples by isotopic stages
iz the best level of accuracy possible (Figure 34). The raw

age assignments range from <3 KA to » 380 KA, with half of the
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samples representing isctopic stage 7 {180-250 KA; Figure 34).
Six of the Z0 samples have Holocene age assignments (<8 KA) and
three may represent stage 5 (with possible distinction of stage
5a and EE]_' Two gamples gave only minimum dates, while a third
was too leached to be reliable.

Three sets of zamples (cores %, 11 and 28} produced
anomalous results with older samples sverlying yvounger samples.
For cu%e 9, the two data points are not analviically wall
resolved nor are they resolwvable in the kinetic model, They
represent indistinguishable Holocene age shells. In core 28,
the same analytieal uncertainty holds, but 1f the ratics are
correct, the assigned ages would overlap. The dated samples
fram core 11 show the basal lag of one FUS dated at »>275 K4
overlying ancther FUS dated at 218 +/=42 KA. Although it is
possible that the older, upper sample was reworked from sSome
aother depositiconal unit, the use of articulated samples makes
it unlikely. The upper sample is not reliable, probably due to
leaching.

In addition to the age=dated amino acid samples, most of
the cores contained pronounced unconformities such as leached,
indurated shell beds, iron or humic stained paleoscls, or blue
green sandy, phosphatie slays. These lithologic features,
which can only be used to separate FleilstoceneSHolocene
deposits, are listed in Table & along with the compaction
corractad depth in each core. The interpreted
Hoelooene/Pleistocens contact 13 congsidered to bhe the kase of

the depositional sequence immediately overlying the dated



Table 5.

Summary of amino acid dated samples.
rapragsaented are Chione cancelata (C.c.)
campsaschensis (M.c.).

pretation.

Species
and Mercenaria
Analyses in parentheses indicate
Teached or degraded samples and reguire cautious intex-
211 samples used articulated and/or matching
adjazent valves.

Core B [Depkh Sepgim WL leweine  (Fe-Xi/Y  Eimetic age
[in gore-ta) KA B

3 153 C.c. 0.8l n.10 ZHH 5B
T 120 H.c. 5. 783 9,03 121444 =42)
T 120 C.c. 0. k4 0.2 Ia2+r=28
7 i) C.c. i, 7 1. 12 12204/ -44)
a s 5 C.c. 0.5 0.3 Fier-1h
| 414 C.c. ko fetern - (00d, Eeached 7)
7 43 C.c. 1. 250 10, &0 {B kA
q 455 Cels (.13 (.77} 3 KA
1 oot C.c. 4, B5] (4. 0] ﬂﬁ%ﬁm
11 w3 C.c. 0.7 n12 g+
17 174 f.c. (.04 1,85 {1 kA
15 37 C.c. 0.15 0. 74 -1
13 LE] C.c. n.32 010 2T =54
14 145 £.c. 7.18 0.79 d4i=1
19 13 M.c. 0,08 [ 1 I KA
LK 417 C.c. 0. 10, L8) e
] 02 H.c. 0,924 (0.4 { 3380 KAl
i) LFE] C.c. [ 77 19.12) {220 i—4dh
= X3 C.c. 0. Tab 10,14 {2
o8 230 C.ce 073 . 15 1BH =34
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lae
samples andfor the lithelogic indicateors (Figures 30, 31 and
32y .

The summary of south Fleorida Quaternary stratigraphy that
i3 presented in Figure 34 indicates general agreement on the
ages of Pleistocene deposition which are closely correlatad
with glacial cycles interpreted from the oxygen isotope record
(Emiliani, 1978). The dated depositional sequences from this
study consist primarily of shelly FUS or shell lags because
such deposits contain the specles most amenable to dating.
Howavar, the occurrence of similar lithologic sequences of
different ages within the lagoon system indicates that the
interpreted tidal channel/tidal delta environment has
consistently occupied this area over several

transgressive/regressive cyecles.

Juaterpary Sequence Distribution

Figure 35 presents an isopach map of all post R=2
deposition (based upon an acoustic welocity of 1700 m/sec).
Sediment thicknesses which include Holocene, Pleistocens and
possibly some Fligcene deposits are up to 1B m thick in
southern Pine Island Sound and in the infilled channels of the
lowar Harbor. These unconsoelidated deposits are between 3 and
& m thick along the shoreface and have been removed by
shoreface incision 5 to 7 km offshore. There has alse been
significant erocsicon in Boca Grande, San Carleos and Matlacha

Pazssezs. There are insufficient data points to construct a
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Holocene iscpach, however the tabulated sediment thickness and
dapth to Pleistocens values of Table & correspond to Figures 18
and 24 (respectively).

The cores in Table § are listed from landward to seaward,
beginning with the fluvial/upper estuarine ccres down through
the upper Harbor, lower Harbor, Matlacha Fass and ending with
the lagoonal cores. The Holocense sequences are listed with
number 1 at the Fleistocene/Holocene contact and increasing
upward. The Pleistocene deposits underlying the unconformity
usually consist of leached, indurated shell lags (primarily

Chione cancellata) and resemble the bhasal lag of the

inlet/tidal channel FUS. Estuarine and point bar sequences of
probable Pleistocens age were also observed (cores 36, 32, 31,
27 and 20), however, these sequences are incomplete and only
tentatively interpreted.

Cores from the fluvial/upper estuarine portion of the
study area (3, 34, 33, 37, 36, 32, and 26; Figqure 29} are
mostly composed of the point bar FUS. Cores 3, 32 and 24 taken
from near the mouths of rivers or creeks are composed of the
transitional estuarine sequence, Estuarine conditicns prevail
in those areas that, morphologically, would bhe considered part
of the fluvial regime. Cores from the upper Harbor alsc
consist of the estuarine sequence with the exception of 28 and
40 which are composed of tidal channel FUS (28) and tidal
channel gverlying an estuarine unit (40).

The lower Harbor cores consist of tidal channel FUS with

the excepticon of cores 27 and 23 which are located on the



148

Table 6. Summary of Pleistocene/Holocene unconformities

and Holocene litho-sequences. Sequence indicaters are
described in” the text as: Point bar (PB), Estuarine (Est),

and Tidal channel (and/for tidal delta; TC). Thicknesses

and water depths are in cm with water depths referenced to MLW.

cars SEQUBNCE depth  Hale.thick  total Halocena esuencEs
indicaicr  ce=tLM o donth—e 1 2 3

Flevialfusper ecfuarine cores

LA shos,clay I35 . iad 153 EaT
= ? Bk S0 425 PE Fi
= Mrazic s&n 25 I3 o Fa
oy ) T o 473 sER i ] Fa
) Fe sta 154 14 73 F3_ EST
2 ra/hisic 2n 18D =4 i EST
i) 8. Ll o =4 &al EET
reapig €50
|Eoer Earhor o
3 ie 25n iL9 ] Leg gal
i) indur gurd, M7 133 i) EET
= el i | Th2 o
m| A gaka e 4 =2 it
&0 ghes. zlays R = = 2 i S
=g §in
4 indier.suet. FLr 173 w2 1
Lowe 5 P
W irdueozurf. 78 k1 5 G
b 7 174 Mg AN W W
A date Zi 50 T
1 indur o surf.f &2 L | £33 " i1 I
higic =tn .
I3 Fe/hueeic sin 173 isa s £57
- ¥ LzT sl HCro 3T e c
Kislacha Fasg
i ingur, surf. S| ] e )
7 % date 178 11 i S 7
& ingur.sarf. 123 i 434 51
3 indur.sued. S IER 119 =+ | 25T
b cete ~ _
4 ingur.cur<. S 110 ] 2] TC EE
phes.cley
a itig/Fine Jstand Sounds
1B ? ] : . .
L M dute o | D12 T EEST ¥
ot Fashomie stm 24 1858 LEP EET W0
Ly ¥ i i = T
| Lmdur, Surt 197 TLE Tig £al i T
i e dater hE ] 43 o Fa EET it
hervs. £ Ry
ta e 5in i44 252 Rl £3T e
14 indur. cu=f, i Zhi b 1C
i2 ingur, surf. 134 474 S54 Fa TC
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marging of the Harbor away from channel activity (Figure 2).
Cores from Matlacha Fass are composed of estuarine seqquences
which overlie an indurated surface at ralatively gshallow depth
(288-440 cm; Table 6). Cores from the lagoons (Gasparilla/Fine
Igland Sounda) are composed of multiple tidal channel FUS
directly overlying an indurated surface or an estuarine
sequence.

Several amino acid dates (cores 9, 15, and 19%) andfor
incdurated surfaces within or underlying the estuarine segquence
findicate that it iz a Helocene unit {although the age of the
Point Bar unit in core 15 i5 gquesticnable). The depth to
Pleistocene and Holocene thickness data in Table 6 indicate
that sediment thicknesses increase in a seaward direction
across the lagoons. The exception to that pattern is core 12
{Figure 33) which contains at least one meter of fluvial to

estuarine sediments underlving lagoonal deposits.

Hecgene Sequences

Boreheole Lithelogies
The lithologic and bereshole geophysical data analyzed for
this study comes from a wvarlety of sources (Table 7).
Approximately one-half of the borehole sites (Figure 36) are
based on wells drilled and logged hy the South Flnrida Water
Management District (SFWMD; Wedderburn et al, 1982). Thase
walls were primarily logged by one person (M.S5. EKnapp) and

provide a level of consistent data acquisition that is not
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provided by other data sources. The remainder of the data ware
collected by a number of geclogists from the South West Florida
Water Management District (SWEWMD), the U.5. Geological Survey
(USGS), and the Florida Geclogical Survey (FGS).

Lithologic descriptions varied with the different
geologists and must he likerally interpreted. Three cores were
perscnally examined and logged by the author (From the FG3
archive collection) as well as cuttings from wells 21 and 22
(LE-036 and 37, SFWHMD). Most of the gamma logs were measured
with a 0=500 counts per second (CP3) scale, however, some of
the older logs possessed no guantitative scale and represent
chart scale nniy (as indicated on logs).

The lithologies and stratigraphic compositions as

cillustrated in the core logs of Appendix III seem numercus and

coemplex. There are however, only three litheologic end members
within the upper Hawthorn and Tamiami Formations in the study
area: {uartz sand (lncluding phosphatic sand and grawvel),
calcilutite, and a wariably indurated, mglluscan/foram rich
calcarenite or dolomitea. The lithologic complexity of the
described formations is derived from the wvarying proportions af
the end members, variable diagenetic alteration and induration
of the carbonate components, and at least partially, from
different descriptive terminology of warious geologists.

The calcilutite units are primarily composed of clay ko
gilt-sized calcite with wvariable amounts of dolomite, aragonite
and gquartz {Peck st 21, 1379%h}. These deposits hawve

alternately been described as delesilts-e.g., wells 2 and 3;
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clays-walls 5 and 13; dolomite-well 15; and commonly called
dolemitic or limey marl. Scott (1988) descrikes the clays of
the synonymous Peace River Formation as caleitic and/or
dolomitic with montmorilleonite and palygorskite comprising the
primary clay minerals,

The clay or calcilutite in core 13 (Figure 37) occcurs
betwean two strong unconformities, both noted by blackened,
indurated limestones. The clay unit is appreximately 20 m
thick and is laminated with fine sand/silt layers that wvary
from a few millimeters to 10 cm in thickness. The clay unit
grades downward inte a sand unit containing phosphate pebbles
and growth criented ovster shells, which directly gverlie the
basal unconformity.

The <quartz sand dominated units (Figure 37) occurs in
mest holes at least once and commonly as two or three discrete
units, a@.g., Wells 3, 11, 17 and 20. Sandy clays and sandy
limestones are probably more common than the sand upik &fF
Figure 37 and at least partially represent sample
homogenization from the rotary drilling procedure (Maher,
1264} .

The calcarenite units consist primarily of unconsalidated
Lo poocrly indurated, sandy, foram=rich melluscan shell hash
(sandy, skeletal grainstones) at depths of 0 to approximately
30 m. Deeper limestone unitz grade into poorly to moderataly
indurated packstones with an increased proportion of forams and
lime mud and a corresponding decresase in molluscan skeletal

particles.
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Colomites and dolomitic units are common in the recorded
lithelegic logs {i.e., Wedderburn et al, 1%82; Sukbcliffe, 1975)
and the graphic logs of Appendix III. The actual preoportion of
dolomite in these deposits may or may not be reflected in those
logs. The identification of dolomite on gecleogists logs is
controlled by a combination of graln size, color, induration,
and acid effervescence. Individually, these factors are not
quantitative indicators of dolomite abundance (Haher, 1964},
but cellectively, probably do represent the relative abundancé
calcite and dolomite. The complex stratigraphy of this area
and possible multiple origins of dolomite (Back and Hanshaw,
1270; Baker and Burns, 198%), indicate that detailed
mineralogical study should be pursued.

The problems cof interpretation notwithstanding, the
dolomites in this area are preszent in twe forms: as
disseminated grains {or cements) in the calcilutite units
2.3., wells 1, 2, 2, and 10}, and azs moderate to well
indurated, white te light orange heds with thicknesses of 3 te
20 m (e.g., wells 1, %, 10, 11, and 17). The bedded dolomitaes
are often associated with unconformities; e.g., wells 1, 3, &,
and 9. The ocrange color (Fea stain ?) and dolemitic compeosition
may reprefent phreatic conditions and diagenesis,

Unconformities are commeon in the litholegic record and
include the previously described blackened, indurated
limestones and sandy phosphate pebble lags. Chert horizons are
alsc present as unconformities (wells 5 and 9) and are probably

alternate descriptions for the blackened limestones.
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Most of the observed unconformities develop on top of the
limestone units (e.g., well 13; Figure 37). Thiz apparent
sagquential juxtaposition of unconformities on limestone units
may result from the limestones occupying a terminal position in
a transgressive-regressive couplet, or because unconsolidated
sands and calcilutites ercde upon subaerial or submarine
exposure leaving a relatively resistant limestone.

Figure 37 also shows the correlation of gamma peaks to
uncenformitias. The gamma logs, which measure natural gamma
decay, iz strongly influenced by the phosphate-rich lag
deposits at the unconformities, If the lithelogic
uncognformitises produce a measurable acoustic impedance anomaly,

the gamma peaks should be correlative with seismic reflectors.

Borehole Geophysics

The boreshcle gecphysical logs for wells 21 and 22 are
included in Appendix III. Figures 38 and 3% show those logs
along with the graphic lithologic logs and the derived seismic
model for each site. The seismic models were created Ernm the
selsmic segquence structure contour maps which show travel time
to each sequence in milliseconds. WVertical depth scales are
generated by assuming acoustic velocities of 2.0 m/msec as in
the previous section.

The uncalibrated sonic wvelocities of wells 21 and 22
range between 2.5 and 5.5 m/msec and average between 4.2 and

4.5 m/msec (Appendix III}. <Consequently, sonic velocities from



the borehole logs are used as dimensionless estimates of
velogity in the calculation of the impedance znd reflection
coefficiant logs.

Figure 38 contalns the geophyaical log data from Well 21
cn Bokelia Islapd., The selsmic model, generated from the
sequence structure contours and isopach maps (Appendix II),
indicates that this section should contain 3 sequences between
the B=3 unconformity at 42 msec and the R-2 unconformity at 12
maec ., Each of the geophyszical leogs of Figure 22 (gamma,
velocity, density and RC)} shows a tripartite set of peaks in
the 44 to 10 m range.

The gamma and density logs correspond with the predicted
seismic model with peaks at 42-30 m, 30-22720 m apd 22/720-1Z2 m.
The welocity and REC logs show a similar tripartite zet of peaks
but at 40-25 m, 2515 m and 15-12 m. Because esach of the logs
regsponds most dramatically to different gecphysical parameters,
cEfzets in the major peaks, possibly due to "cycle skips™ of
the sonic log, are to be expected (Doveton, 1286).

Figure 3% shows the same seismic-geophysical data for
Well 22 which is leogated wvery close bo the water on the Sanibel
Causeway (Figure 36). The seismic model predicts Ewo segquences
[Sequences E and F) in this area between 44 and 10 msec. The
gamma and density logs again show remarkable correlaticn with
mzjor peaks at 44=-20/18 m and 20/18=-10 m., The sgnic log iz
inconclusive at this zite due to obstructicns and less of data
at about 27 m. That portion of the record avallable does

indicate a major peak at 44 m and uniform ceadings up to 27 m.
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These figures, based upon an estimated seismic wvelocity
af 2.00 m/msec, show that the seismic models and seismic
sequences can be correlated with borehole gecphysical data. It
is also significant that the gémma log peaks consistently occur
at litholegic unconformities. Although this correlation has
been well established (Altschuler et al, 1964; Peck et al,
1575b; Wedderburn et al, 1982), it is especially important for

the determination of uncenformity-bounded depositional

Sedquences,

Neogene Sequence Distributicon

The litholeogic cross sections in Appendix IV integrate
the borehole lithelegic data with the seismic sequence model.
These sections include; a north-south line with holes from
Oseppa, MNorth Captiva and Sanikel Islands (I-I'), a second
north=south line from Bokelfia, Pine Island and Sanibel Island
{(II-II'} and an east-wast line from Sanibel Island to the
mainland (III-III'; Figure 36}. Segquence boundaries were
located on the lithologic sections using described lithologic
unconformities, discrete peaks on gamma logs and the collective
data comprising the sequence model.

Line I-I' g¢rosses a portion of the Pine Island trough and
shows a distinet inecrease in the thickness of the post R-3
depositicnal package. This contains a distal, thinning portien

of Sequence C and a major peortion of Seguence D (excluding the
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mest proximal and distal units. The medial portion of Sedquence
D is represented by 38 m of Well 11 (North Captiwva). The basal
part of that sectlion is a slightly shelly, phosphatic,
sand/gravel lag that grades upward inte a 30 m thick, greenish
gray, dolomitiec caleilutite. Sequence D rapidly thins to the
south, although the section and bounding unconformity are
mizsing from the adjacent well 18.

Continuation of Segquence D to Well 1% (Sanibel Island) is
based on the Qeismic model and Eentatively correlated to a
phnosphatic, dolomitic, sand. This sand unit may alternatively
be identified as the basal portion of the overlying sandy clay
to dolomitic interbeds of Segquence E. The updip portion of
Fequence E is present in Well 11 as a 5 m thick, gravelly sand
to sandy limestone couplet and Well 18 as a 29 m thick, grayish
olive calcilutite to % m thick white to light orange dolomite.

Cross saction II-II" illustrates a series of well logs
beginning with Well 21 on Bokelia and going scouth down Pine
Izland (Wells 13, 14 and 17} and then to Well 20 on
southeastern tip of Sanibel Iszland., This section contains
porticons of Sequences £, D, E and F. The disztal pertion of
Sequence C i3 contained in Wells 21 and 10 as 10 m units af
alive green shelly c¢lay and grayish, dolomitic sand
{respectively) .

Sequence D iz present in all wells aleng this secticon
beginning with sand or sandy clay to dolomitic clay couplets in
wells 21 and 10. The medial portion of Sequence D in Well 14

censists of a 28 m thick, olive colored delomitic clay owverlain
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by 5 m of thick, light orange, dolemitic limestone which thins
rapidly to a & m thick unit of shelly, clavey sand in Well 17
and less than 4 m of clayey, phosphatic sand in Well 20.

Sequence E 15 somewhat problematic along Section II-IIY
a5 indicated by the subcrop map of Figure 22, That figure
shows the updip limit of Sequence D extending as a
southeastward trending tongue from southern Cavo Costa Island
across Pine Island Sound to central Pine Island. At northern
Pine Island and Bekelia, Sequence E is present at well 21
(Figure 38) as a sandy, clayey shell hash and at wall 10 as =
sandy limestone. Seguence E thickens under southern Fine
Izland to 32 m in thickness and i=s present as dolomitic and/or
limey clay owerlain by dolomitig to limey sand (wells 14 and
L7).

At well 20 on southeastern Sanibel Island this sequence
iz approximately 34 m thick and contains all three end-membar
lithelegies; Phosphatic clayey sand, overlain by shelly, sandy
clay, in turn overlain by poorly to moderately indurated, sandy
limestone. The Sequence E transitions described at wells 14,
17 and 20 indicate a general sand-clay-limestone sequence with
the axception of a missing sand facies in Well 14. This
general transition is masked by differing descriptiwve
terminology which shows the clay facies as clayey dolosilt in
wall 14, sandy te limey clay in well 17 and poorly indurated,
clayey limestone in well 20.

The east=west cross section ITI-IIIY cannects. the two

north-south sections via wells 19 and 29 on Sanikel Island and
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continues east with well 22 on the Sanibel Causeway and wells
15 and 16 along the Caloosahatchee River., This cross section
includes Sequences D, B and F with the distal portion of
Sequence [ previously described from wells 19 and 20. Segquence
D in well 20 is lithologically similar to the bBasal part of the
overlying Sequence E, i.e., a clayey, phosphatic sand. A
sequence boundary i3 placed within that sand unit on the basis
2f the szeismic model {Appendix II) and the wall 20 gamma log
{Appendlix III) which has large peaks at 63 m and at 5% m.

Sequence E 15 also described from wells 19 and 20 and
continues to the east with no apparent thinning. The esast-
northeast orientation of the cross section parallels the
subcrop boundaries (Figure 22) and represents a strike gsection
of Secuence E. In wells 15 and 16 Sequence E is composed aof a
gravel/sand lag gradationally overlain by a calcilutite

described as either deolomite or clay.
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CISCUSSION

Tha results of this study indicate that the late Neagena
to Juaternary stratigraphic development of the Charlotte Harbor
drea has coccurred as a series of lithoelogically heterogenecus,
unconformity=boundad depositional seguences. Although the
Meogene Sequences are poorly constrained with respect to
absolute dating, they occur as a morphologically distinct
sequences of prograding obligue clincoforms bounded by
regionally mappable unconformity surfaces (Figure 22).

In contrast, the Quaternary sequences are relatively well
constrained chronologically by radiometrically calibrated amineo
acid dates (Evans, et al., in press). Morpheologically, the
Quaternary sequences consist of laterally discoantinucus,
downcutting channels and thin, chaotic to transparent seismic
facies (Figures 20 and 21}). This dizcussion will:; 1) examine
the antecedent Lopography, chronestratigraphy, and
palecenvironmental interpretaticnz of each of the distinet sets
of segquences, 2} compare the respectlive segquence morphologies,
litholegiesz and gwverall stratigraphic develcpment of the
Charlette Harbor area, and 3) briefly discuss the hydrogeclogic
significance ¢f interpreting southwest Florida stratigraphy as
sustatically controlled, litholeogically heterogensous

depositional sequences.
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Late Neogene Sequences

Antecedent Topography

The high resolution seismic reflection profilez of this
study have defined two regional unconformity surfaces that can
he mapped throughout the study area. Structure contours of the
lowarmest of those surfaces (B=3; Figure 14} indicate that the
Charlotte Harbor area iz underlain by a rectilinear pattern of
troughs that are at least 5S50-60 km in length, 8-10 km in width
and 420-530 m deep. Sinkholes of 103 to 100's of meters

fameter and Jdepths of 10 ko >50 m are alse present throughout
the arsea and may, in scme cases, bhe aligned with the troughs.
The HNE=3W and HW=3E orientaticon of the troughs correlates with
the reglopnal pattern of fracture/lineament trends (White, 1970;
Culbreth, 1288).

The structure or relief comprising the antecedent
topography of the B-3 surface is attributed to karstic
digsselution of the underlving late FPalecgene and Heogene
limestonas. The enclosed basins or troughs have developed a
rectilinear pattern due to fracture selegtive dissoluticn and
would be classified as uvalas using karst terminology (B8gli,
1980; Trudgill, 1985).

Culbreth {1288) mapped surface lineaments (i.e2., linear
patterns of vegetation, sinkhole aligoment, stream chaonnels,
etc.) througheout south Florida. 0On the basls of gravity
ancmalies, Culbreth attributed the crigination of the linear
surface features as zones of basemant weakness and the HNE-SW

and MW=3E orientations as an artifact of the Earth tide stress
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field acting on those zones of weakness.

Similar rectilinear orientations and patterns of karst
distributicn have been reported by. Hutten, et al., (1984), and
Popence, et al., (1984} for west central and northeast Florida
{respectively). Hutton, et al., describe the ewvolution of
Holocene paralic environments on a surficially karstified
Eccene limestone with streams and marsh islands localized by
fracture controlled dissclution. Popence, et al., (1384} use
seismic reflection data teo map the distribution of cpen and
infilled ginkholes off the northeast Florida coast and
attribute their locations and alignment to regional fracture
patterns. )

Evidence of widespread subaerial or meteorie exposure
necessary for carbonate dissolution is common in both the
seigmic and lithologic data of the Charlotte Harbor area {i.e.,
Figures 135 and 23). WVertically offset (and laterally adjacent)
sinkholes alse indicate that dissolution has occurred
episodically (Figure 15). Alternating pericds of carbonate
deposition and dissclution are a direct result of sea-lewsl
fluctuations on a low lying carbonate platform such as
peninsular Florida (Perkins, 1877; Popenoe et al., 1%84;
Chogquette and James, 1287).

The creation of karst regquires that: 1) the meteoric
fluids must be undersaturated with respect to CaCd,, and 2} a
Fluid flow system must exist to transpeort dissoluticn products
and aggressive fluid to and from the reaction sites. With

these constraints there are several environments where karstic
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dizzolution can occur (Lobmann, 1%87): 1) direct subaerial or
vadose exposure and dissclution by C0, enriched rainwater, 2)
exposure to metecric phreatic waters with enﬂanced €0, due to
bacterial reducticn of soll crganics, and 3) the coastal margin
of meteoric phreatic systems which contains the seawater=
freshwater mixing zone.

There i1z direct or indirect evidence that =sach of these
environments has ocecurred within the depositional framework of
the study area. Subaerial exposure is indicated by the wery
sharp, irregular seismic reflections of Flgure 15 (Popence et
al., 1%84; Rasmussen and Meumann, 1987), and the blackened
limestones of Wells 5, 13, 21, and 22 (Shinn and Lidz, 1987).
Additicnally, orange colored Fe stains indicative of palensols
ar oxic water-table conditions are common in most of the well
logs,

Waells 3, 3, 3, 10, 1%, and 21 contain dark brown to gray
zones that probabkly represent organic-rich deposits capable of
enhancipg metecric C0,. Although karst dissoluticon does not
necassarily follow the occcurrence of these beds, in Wells 3, 10
and Z1 these dark, peat-=like deposits averly unconformakble
limestone contacts and in Well 10 distinct, macroscoplc root
material is noted on the log at =70 m.

Evidence of saltwater-freshwater mixing zone dissolution
ig indirect but definitely indicates the presence of fresh and
saltwater zones., The geomecry and distribution of the seizmic
gsequences indicates multiple, depositional gycles. Likewiszae

the lithelogic data indicates gradational depesitien of marine



174

to paralic sediments that prove that marine envirocnments

migrated periodically through the area. The identification of
agtuarine and fluvial palecenvironments (Missimer and Gardner,
1976; Peck, et al., 137%a) indicates that freshwater meteoric
environments must alsc have been present, and consequently the
seawater-freshwater mixing zone migrated through the area in
concert with sea-level fluctuaticns (Peck et al., 197%9L).

The R-3 unconformity probably does not represent the
primary or initial karst episode responsible for the formation
of the trough system. The 100 to 120 m depth of the R=3
unconformity within the troughs is near the limit of
penetration of boomer type devices (E.G.§5 G. Uniboom Manual)
and although that surface represents a strong erosional
vnconformity (Figure 17), no karstified surfaces or collapse
zones were observed within the troughs.

Seismic data from Crooked Lake, Folk County (Figure 40)
shows that large karst shafts do occur on the Florida Platform
and are overlain and infilled with sequences of prograding
clinoforms that are geometrically and lithologically analogous
te the late Neogens sequences of Charleotte Harbor (Hine, et
al., 19%86). The morphology and orientation of Crooked Lake
(Figure 421 is strikingly similar to the B=3 structure contour
(Figure 14) which indicates that the antecedent topography of

both systems may be created from similar fracture selective

karst processes.
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Carbonate dissolution has ocgurred in the study area as
evidenced by both seismic and lithologic unconformities.
Although the exact process of that dissolution (i.e., subaerial
exposure, mixing zone dissolution, etc.) cannot be determined
without detailed mineralogic and iscotopic data, the
stratigraphic data indicate that any or all of the three
proceszes of karstification were enviromnmentally possible.

Alternate explanations for the antecedent topography of
the southwest Florida area have invoked dip-slip faults as
recent as late Pliccene or Pleistocene (Tanner, 13%65; Bond, et
al., 1%81)and/er differentizl subsidence or compaction caused
by "tensional basgsal displacement"™ (Brocks, 19%72; Miszimer and
Gardner, 19768). The bases for these interpretations are: 1)
the rectilinear crientations of stream beds and shorelines
(Tannex, 1965; Bond et al., 19881}, 2} rapid lateral and
vertical wvariability of seismic facies (Missimer and Gardner,
1876), and 3) an inability to correlate adjacent boroholes dae
te rapidly thickening and thinning of lithologiec units (Brocks,
1972). |

There i3 no indication of active or recently active
offsets dus to dip-slip faulting in the seismic profiles.
Bond, et al. (138l) have postulated vertical offsets of up to
10 m in the southwest Florida area. The >100 m vertical relief
of the R-3 unconformity, which is an order of magnitude greater
than previously known, and the topographic closzure of the lows
arque against Neogene faulting. Additionally, the small size

of the enclosed troughs (80 km x 10 km) and the overall
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thickness of the underlving Faleogene and Neogene carbonates
make basement structural adjustments or displacement difficulk
Lo support.

The seiszmic data of Misslimer and Gardner {137¢) are used
to suggest that strata between the F-3 and R=2 surfaces (this
study} are folded by "hasal tensional displacement™. Those
profiles and continuations of those profilez from this study do
anot allew sufficient penetration to evaluate "basal structure™,

Widespread mapping of the "folded" units indicates a
consistent facies change from depositional locations cutszide
the troughs te within the troughs. Such a faciesz change would
oot occeur if the thickening and thinning were due to post-
depositional folding.

The results of this study can only evaluate structural
faulting and displacement where other investigators have
proposed such structures in the late Heogene section. The data
da not support such displacement but do indicate that fracture
selective dissclution is responsible for the antecedent
topography of the study area. The possgsibility of despar
structures iz not precluded by this data and the coincidence of
deep structural features {i.e., Klitgord, et al., 1984;
Culbreth, 1988} with the karst troughs suggests that Cretacecus
or Palecgene structures and the Earth tide stress field may be
rasponsible for establishing the regional fracture pattern
which iz propagated laterally and vertically by fracture
gelactive karst dissolution.

The distribution and preservation of the lithelogic
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sequences lllustrated in the well logs of Appendix 3 are
significantly modified by the karstified antecedent topography.
For example, the linear troughs localized the developing
fluvial systems such that the sand!qravai channal lags are
effectively limited to the wvieinity of the troughs and sand
dominated units thicken dramatically to the east (Peck et al.,
1979b) .

Similarly, the calcilutite, estuarine deposits thicken
within the troughs and effectively infill them during the D and
E depositignal cycles (i.e., wells 11, 14, and 18)., 1In wells
whare the sand/gravel lag iz missing, it appears that
downcutting and erosion by estuarine channels may have removed
the sand (if it was present; i1.e., wells 2, 5, & and 21)., The
variable distribution of the end-member lithologies indicates
that the antecedent topography defined by the RE-3 structure
contour has played a major role in controlling depositional

anvironments.

Seilsmic and Lithologic Sedquence Correlation
The controlling wariable in the seismic-litheologic
correlations of Figures 38 and 39 and Cross Sections I,II, and
III iz the wvelpciby used to translate seismic time-of-travel
(TT) to vertical distance measurements (m). The walocity
measurements derived from the sonic logs are too high by a
factor of ~2x according to published velocities (Table 2) and

geizmic and sonic log data from other studies in southwest
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Florida. Figure 42 is a sonic log from a well in Wokomis,
Florida (approximately &0 km north of study area), This log
exhibits wvelocities that range from 2.0 to 4.0 m/msec and
average ~2.3 m/msec as compared to the -4.5 m/msec of the well
21 and 22 sonic legs (Appendix 3).

Miszimer and Gardner (1376) correlated selsmic reflectors
Lo Lithelogic unconformities for sites aleng the Caloosahatches
Fiver and derived wvelocities of 1.%8 to 2.5% m/msec for the
Tamiami Formation. Eali et al. (1988}, calculated wvelocities
of 2.2 m/msac for the upper second of penetration on the wast
Florida shelf and ~3.8 m/msec for Paleogene carbonatesz from
deep penetrating common depth point seismic data.

Each of these calculated or estimated welocities
indicates that the late Miccene deposits of south Florida have
sonic or accustic wvelocities between 2.2 and 2.5 m/msec. Lower
velocitlies of the water column (~1.5 m/msec) and the
unconsolidated Quaternary depeosits (~1.7 m/msec) should reduce
average velocities to near the assumed value of 2.0 mimsec.

The essential test of that assumption iz whether seismic
unconformities can be correlated with lithelogic
uncenformities.

The direct sonic log wvelocities and reflecticn events
calculated from those logs are limited to two sites and by an
obstruction at gone of those sites. While recognizing the
limitations of those direct wvelocity analyses, area=-wide
correlations of the predicted seismic unconformities with

lithelogic unconformities {(cross sections I-III} walidates the
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agssumed 2.0 m/msec velocity and indicates that the
mapped 3eismic sequences represent real unconformity-bounded
litholegic sequences.

The correlation of lithologic unconformities with
seismically mapped regional uncenformities and local
disconformities indicates that lithelegically similar,
laterally and vertically adjacent, depositional units cccur
between sequence bounding unconformities. Because these units
are bounded by mappable unconformities and/or disconformities,
they represent discrete depositional cyecles such that Walther's
Law of Correlation of Facies is not walid between adjacent or
superjacent depositional sequences.

Although the definition of lithastratigraphic formaticons
implies neo chronostratigraphic consistency within a formaticon,
the presence of identifiable and mappable unconformities within
defined formations precludes palescenvircomental interpretations
based on lateral facies transitions and indicates potential

problems when correlating borehole data.

Chronostratigraphy
Using lithostratigraphic terminclogy the unit represented
by the depositicnal seguences A-F is the Tamiami Formatlon of
Peck et al. (197%a/b}, the Hawthorn Formation of Wedderburn et
al. (1382} or the Peace River Formation of Scott (1988). Cross
section III-III" contains Well 16 (L-1843) which was

bicstratigraphically analyzed by Peck {1976). Sewveral late
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Miocene indicator fosslils were identified from that site,

including: Discoaster guingueramus, D. berggrenii, D.

breuweri, Reticulofenestra pzeudoumbilica, and Globorotaliia

acostaansis. These gpacies are indicative of foram zones
M.17/H.18 and Discoaster quingueramus and D. berggrenii are
limited to those zones (Blow, 19%63).

Fligure 43 is a portion of a sea-level and sequence chart
from Hag gt al. (1987). That portion of thea chart
corresponding to foram zones WN.17/518 is the late Miocene
Tortonian Stage. The eustatic curve for thisz time period shows
three third order sea=level high stands separated by major low
stands at 5.5 and 10 MA. The high stands range from near
present ssa-level to approximately 50 m greater than present.

The depositisnal sequences defined in this study cannot
ke correlated to specific gsea=-level events due te a lack of
biostratigraphically or otherwise dated deposzits. & general,
late Miccene Tortonian age iz reasonably well estazblished for
theze deposits (Schroeder and Bishop, 1953; Peck, 1378; Peck,
et al., 1979b) and the strong regional unconformities bounding
the segquences suggests correlation Lo the 5.5 and 10 HA low
stands (Hag, et al., 1987).

The chronostratigraphic digerimination of the indiwidual
gequences is well beyeond the resolution of biostratigraphic or
mest abselute dating techniques (Peck, et al., 1979b:; Snyder et
al., in press). Late Neogene glacio-esustatic sea-level
eyelicity is relatively well established (Peck ot al., 1979a;

Matthews, 13&4; Crowall, 198Z; Soyder et al., 1n press).
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Altheugh Milankovitch period climatie fluectuations (40-100, 0040
KA cycles) and associated esustatic fluctuations are the hest
eﬁplanatian for the late Miocene depositicnal sequences, this
study eontains ne specific or abselute chronostratigraphic
evidence that glacio-eustatic fluctuvations have driven the Pine

Island sequences.

Palecenvironmental Interpretation

Six seismic sequences, herein termed the Pine Island
sequences, have been identified between the B-3 and R-2
regional unconformities (Figure 22). These sequences prograde
to the scuth-scutheast and each contain a distinct parallel to
obligue clinoform geometry (i.e., Figures 16, 17 and 18).
Well-cuttings and three continuous cores indicate that thers
are three end-member litholegies within these seguences
consisting of: 1} a usually thin, guartz dominated, phosphatic
gravelly sand, which is gradationally owverlain by, 2}
dolomiticz, calcitefaragonite clay interbadded with thin laminae
of sand or silt, with an upward transition te, 3) wvariably
indurated, molluscan/foram calcarenite with variable amounts of
quacrtz sand which is often characterized by a strong ercsional
uppar surface.

Figure 44 presents a conceptual model of transgressive
depositiconal environments which may have produced the lateral
facies relationships and vertical sequences. This block

diagram shows a low-energy cocastal transition from fluvially
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derived sand/gravel channel lags to estuarine or inner shelf
laminated muds {caleilutita), to an open marine shelf dominated
by the accumulation of molluscan/foram hash, The horizontal
and wartical scales are derived from the thickness and extent
of the seismic and litholeglc segquences.

This model (Figure 44) necessarily implies that sach
Saduandsa represents a transgressicn of shallow or intertidal
environments by deeper marine environments. Similar,
cransgressive paralic to inner shelf zegquences have bheen
described by Riggs, et al. (1382), Riggs (1%84) from seismic
and lithologic data. The transgressive nature of the middle
Miocene Pungo River depcsits of Worth Carolina iz provided by
benthic and planktic foram analyses (Eatrosh and Snyder, 15982)
and post-depositional boring by marine bivalves (Riggs, 1984).

Kidwell {1388} describes both transgressive and
regressive Jdepositional sequences in the middle and late
Miccene of coastal Maryvland from semi-continuous outcrop
exposure (5-20 km exposure with 3=5% km gaps). Transgressive to
regressive couplets were defilned within the Burdigalian ko
Serravallian age Calvert and Choptank Formationzs as sandy
shell/bone heds representing condensed sections overlain by
Eining, then ccarsening upward clay, silt or sand. The
Tortonian cycles were interpreted as btransgressive units based
on the presence of freshwater and estuarine fozsils and trace
fossils which were tramsitionally overlain by marine facies.
In both Horth Carolina and Maryland, the tranagressive

depositiconal cycles were contalned within an owverall basinward



139



130

HYIHDNRY 1

E'el

MYITWAYHYIS

Ellelally]

&0

HYINOLHOL

]

HYINIES3N

ELEEslelly |

H324n

&y

HYITOMNY T

Cey

B

B
HYIZHIDVIL

e o —

HYIZIY T

=

ANI20ITd

INIAOLZIID

¥ NI 2WIL

|
FHILIA O

SIAHND DlLYLEN3

S3IDVLE

., ANAIOTOH

S3IH3S

WL

L




progradaticon of cocastal environments,

An alternative depositional model based on Holocene
prograding chenler/delta plainz of the northern Australian
coast (Rhodes, 1582) is presented in Figure 45, This model
necassarily includes the same lithologic end-members and
differs from the transgressive model primarily by identifying
the sandy molluscan hash as subaerial chenier ridges (as
cpposed Lo shallow marine shelf). Bheodes (1382) documents the
depositional enviromments and facies geometry of the prograding
chenier coast of the Gulf of Carpentaria which are presented as
Table 8.

The Gulf of Carpentaria is a semi-enclosed epi-
continental sea with generally short steep waves goenerated
locally angd apericdic high energy cyclenes (Rhedesg, 1882).
Drainage and sediment supply into the Gulf is provided by a
number of small short rivers with rainfall and runoff highly
geascnal. The tidal range in the Gulf of Carpentaria ig 2=-3
Limea that of southwest Florida, howewver, Rhodes states that
wave activity is important in modifying the coastal deposits
and directly controls the deposition of the chenier ridges.
Although the specific paleseavirconmental conditions of
gguthwest Florida during late Neogene time are unknown, the
modern conditions of southwest Florida are similar in sewveral
raspects to the Gulf of Carpentaria and it may be instructive
to examine the Jdepositiocnal environments of Table 2 as modern
analogues to the Charleotte Harbor depocsitional seguences.

The fluwlal envizonments consist of medium to coarse
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quartz sands with pisolitic or lateritic grawvel that occur as
variable lags to deposits several meters thick (Table 8).
Prograding Blue—green subtidal muds that overlie the fluvial
unit are continuous along the cecast and contain up to 50 %
carbonate. The subtidal muds are gradatlonally owverlain by
gray—-green teo brown low tide muds that are interbedded with
gand layers.

Discontinuous corganic muds may overlie the low tide muds
or the unit grades directly into the shelly, chenier ridges (up
te 75 % marine biocclastic detritusg). Although these ridges are
laterzlly discontinucous, Ehodes states that thev are coften
flactened and transported landward during high energy events
such that the preserved sandy calcarenites are more widespread
than the discrete shell ridges. The shallowing upwards,
regressive deposition described by Rhodes (1%82) has occurred
during the late Holocene sea-level transgressicn and
consequently requires a large sediment supply (Brown and
Fisher, 1980}.

several aspects of the Pine Island sequences indicate
that the Gulf of Carpentaria chenier plain model may be
applicable to the Pine Island sequences. First, Peck, et al.
(1979b) described the sandy calcarenite units to be of
hyposaline rather than normal marine origin., Secondly, the
presence of minor but ubiguitous quartz sand in these units is
difficult to explain in a carbonate shelf setting which is
bazinward of fine-grained terrigencus deposition. The

limestone or semi-indurated moellusc beds are commonly overlain
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by dark brown to gray organic-rich peatlike deposzits indicative
of intertidal conditions (i.e., wells 3, 5, 9, 10, 19 and 21).

The pfcgradatinnal nature of these sequences 1is readiiy
apparent in the seismic profiles (i.e., Figures 1% and 2Z) and
if subsaquent transgression by open marine facies had cccurred
the stratal reflectors should indicate a transition from ocfflap
Lo onlapping relationships. Reflector onlaps are only apparent
at the updip limit of each sequence {except sequence B and are
rapldly transitional to the prograding offlap configuration.
The parallel to obligue reflectors, consistent toplap
configurations and dip-strike variability (Figures 15, 16, 19
and 22 and eross sections A-H, Aappendix I) identify these
gsequences as prodelta deposits (Mitchum, et al., 1377:; Brown
and Fisher, 1%80) which are conceptually sgimilar to the
prograding subtidal muds of the chenier plain (Rhodes, 1382).

The source of the and mineralegy of the clavs in the.
prodelta facies are presently unanswered questicons. Peck
(1978) indicates that the clayey Ffacies are primarily composed
of silt te clay sized calcite and aragonite; Scott (1388) also
states that the clays are calcareous to dolomitic, but
concludes that montmorillonite and palvgorszskite are the primary
clay minerals. The ultimate source of tChe clay minerals and
dolomite may be in situ precipitation (Reik, 138Z; and Baker
and Burns, 19285; respectively) or weathering {Altschuler st
al., 1964). Whatever the source, the external facies
morphology and interbedded nature of the clayey facies

indicates sub-aguegus, clastic deposition (Elatt et al., 1380}.
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The interpretation of the late Miocene environments as
sea=-level controlled, depositional sequences iz well supported
by micropalecntologic studies of Peck (12376) and Peck et al.
(18979b) . Those studies used benthic forams, calcareocus
nannofossils and diatoms to define fluwial, estuarine and open
marine depositional environments and specifically interpreted
the sandy calcarenite az a hyposaline depesit. Peck, &t al.
{197%a) used the geometry and cyclic nature of the sequences to
show that the depcsitional sequences were creatbed by glacio-
gustatic sea-level fluctuations.

Examination of the litholegic cross sections shows that
at any speclfic well site nniy twe o four of the six
depositiconal sequences are vertically juxtaposed due to the
lateral progradation of successive sequences. Peck, at al.
{197%a/b) recognized three transgressive-regressive cycles from
well data and Missimer and Banks (1%82) have tentatively added
g fourth., The szelsmic data conclusively demonstrate that at
least six sequences are present. Acknowledging the difficulty
in correlating widely space borehole data, it is more important
that eustatically controlled cyveles were recognized rather than
the determination of the specific number of such cycles.

Migzimer and Banks (1982) used closely spaced well logs
from Sanibel Island to interpret the cyclic nature of thase
units as a series of upward shoaling, regressive deposits.

They state that the limestone or molluscan calcarenite is the
baze of sach sequence with subsequent encroachment of

@stuarine/deltaic deposits. If the limestones are interpreted
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as the basal facies of a regressive depesitional sequence,
unconformities or trangressive deposits should occur at the top
2f the sequance, l.e., overlying the fluvial or intertidal
depasits, The common cccurrence of indurated, subaerially
exposed limestones overlaln by a zand/gravel lag indicates that
the limestones are uppermost facies of the depositional
sequences and not the basal unit as described by Missimer and
Banks (1582).

The individual sequences probably represent Lransgressive
and regressive deposits similar to Eidwell (1988). The
sand/gravel lag in northern Australia was interpreted by BRhodes
(L2E2) to represent a transgressed fluvial/subaerial sufface,
As such, the Pine Iszland sequences represent a parasedquence set
as decribed by VWail (1987). FPFarasequences are "relatively
conformable sucession(s) of genetically related beds or bedsets
bounded by marine flooding surfaces.. .Parassguences ares
progradational”™ (Van Wagoner et al., L1387).

There is also a distinct morphologic difference betwean
the short, steep, parallel clincforms of seguences A-D and the
thicker, oblique clincforms of sequence E (Figure 25 and cross
sections E-F)}. Whether thisz difference is due solely to the
influence of the karstified topography or changes in sediment
supply and the rate of relative sea-lewvel change iz unknown.

It iz possible that sequence E represents the regressive
partion of a transgressive=regressive couplet with the
underlying sequence 0. Such a couplet would produce a partial

unconformity separating the upits (Hummedal and Swift, 1887;
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Vail, 1387},

Biastratigraphic analyses which should clarify the
interpretations of the Pine Island zeguences are underway (V.
Waters, personal communicaticon). Howewer, based on the strong
progradational merpholegy and the lithelogic composition of the
Pine Izland seguences, these units are interpreted as analogues
to the prograding chenier plains of northern Austzalia. This
interpretation reconciles the wvertigal lithologic Sedquences
with the lateral distribution of seismic and litho-facies, and
because of the lateral and vertical stacking of subtidal muds
and subaerial cheniers requires depositional control by

eustatic sea-lavel fluctuatioens.

Juaternary Sequences

Antecedant Topography

The R-Z structure contour {(Figure 18} indicates that the
*arst topography has alsc played a significant role in the
disztribution 9f the Quaternary sequences. The late HNeogene ta
Quaternary transition from a carbonate platform/ramp To a
giliciclastic depositional envirenment is characterirzed by the
localized development of fluvial systems within topographic
lows (Figures 18 and 1%). OCnly a few small downcutting
channels were observed seaward of the barrigrs and the palso=-
rivers apparently terminated in the Pine Island Scund trough
(1985}, The infilled lows contained an abundant ercdable

sediment supply which was locally reworked inte the Juaternary
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barrier/lagoon system.

The modern barrier system overlies a Topographic high of
unknown age with 2=4 m of vertical relief. Pine Island appears
grossly similar in size and orientatlon to the high under the
barriers. Using the terminclogy of Oerteal (1385) these
features could be sonsidered barrier platforms. Both of these
barrier platforms straddle the antecedent lows and the
infilling palec=fluvial deposits.

Mumerous amino acid dates zlong the margins of Pine
Island (P.I. Sound and Matlacha Pass cores) indicate that the
Pine Island platform dates from the 220-250 KA high stand
(isotopic stage 7). Although the platform underlying the
modern barriers has not been dated, its location seaward of
Pine Island and estimates of late Pleistocene sea-lavels
(8glknap, 197%; Cronin, et al., 1981) suggest that it
post-dates the Pine Island platform.

The persistence of these platforms as topographic
features is due to two factors, 1) is the declining maximum
transgression of late Pleistocene sea-levels (Demarest et al..
1981; Cronin, et al., 1981), and 2) is the concentration and
lithification of carbonate-rich platform sediments. The cores
show that inlet and overwash processes concentrate abundant
gravel to sand-sized shells and shell fragments (Figures J0 and
32)}. Berings seaward of the barriers (U.5. Department of the
Army, 196%) and on Pine I[sland (Wedderburn, et al.. 1282)
indicate that earlier deposits are lithified. Humerous

outgrops of beachrock have also been observed aleng these
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barriers (Missimer, 1973; Hine, 1987).

Comparisen of the post R=2 isgpach map (Flgure 35} and
the total depth of dated Quaternary deposits in Table &
indicates that there is apparently wvery little record of
Pliocene deposition and limited preservation of Fleistocena
depnsition in the Charlotte Harbor area. The post R-=2 sediment
thicknesz iz between 3 and &€ m for most of the study area and
has depths > ¢ m (1.7 m/msec accustie wvelesity} only in the
channalized areas of Pine Island Sound and the Harber proper
while Holocene sediment thicknesses are 3 m or more in 21 of 40
vibracores.

The relative lack of preservation of FPlio/Pleistocene
deposts is attributed to twe factors: 1) the leocalization of
egstuarine and flowvial environments by antecedent topography has
resulted in extensive channelizaticon in a limited area, and 2}
ppgtulated high Pliocene sea-levels (Figure 43) subjected the
Charlotte Harbor area to significant leveling and erosicn by
choreface processes (Flgures 20 and 21; Nummedal and Swift,
1387).

The initial creation of fluwvial drainage on the carbonate
platform was controlled by karstic relief which, in turn,
contrelled the development of the barrier/lagoon system through
antecedent relief and sediment supply. There is no difference
in the role of antecedent topography between this and the
barrier/lagoon systems of the northern Gulf and middle Atlantic
coasts. Howewver, localization of the initial barrier system on

antecedent lows (due to increased sediment supply) suggééts
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that there is a difference in the process by which antecedent

contral was manlfested.

Paleocenvironmental Interpretaticn

The interpretation of the Quaternary depositicnal
environments as recovered from the vibracores is well supported
by comparison with meodern environments, Howewver, the specific
interpretation of the shelly, FUS as tidal channel and/or
tidal-delta deposits has been alternatively identified by
Knowles and Dawvis {1983} and Bland (1985) as the result of
storm overwash processes. They attempted to correlate basal
"ayarwash" lags across distances up to 6 km using only
subsurface vibracore data. Although overwash deposits arce
relatively common along the scuthwest Florida coast, they have
rarely been quantified and are usually limited to the
topographically low areas adjacent to the inlets {(Andronaco,
1987; Hine, 1%87).

The kasal lags and FUS of everwash depesits undoubtedly
conbribute to deposition of barrier island sediments and may be
an important factor in determining the size and frequency of
shelly FUS. However, the presence of both Pleistccene and
Holacene sequences and the discontinuous, channelized seismic
reflactors indicate that correlation of indiwidual sequences
may not be possible. Boothroyd (198%) has shown that storm
averwash and flood tidal delta processes exist as a continuum

and it is more significant that, whatever the depositional
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process, the sequences represent backbarrier lagoonal
environments.

The distribution of the Holocene fluwvial (point bar),
estuarine and tidal channel seqguences have a distinct
transgressive gecmetry, i.e., tidal channel deposits overlie
eatuarine deposits which overlie point bar deposits (Table 6&;
Figure 31). Within the basic transgressive geometry of these
sequences, the barrier islands have prograded seaward wia beach
ridge accumulation (Missimer, 1%73). Lithelogically, the
prograded segquences consist primarily of guartz sand with
variable molluscan carbonate (Missimer, 19%73).

Examples of barrier island progradation during the
Holocene transgression are commen and usually explained as
differential balances between relative sea-lewvel rise and
sediment supply (i.e., Wilkinson, 1975; Moslow, 139280; Evans, et
al., 1%85). Although the absolute progadation of scuthwest
Florida barriears is small (1=-5 lkm; Missimer, 1%73) the barrier
systems represent a significant accumulation and consolidaticon
of gquartz sand. |

The groas lithelegy and infilling sequences of Charlotte
Harbor are similar to those of northern Gulf and U.5. east
coast astuaries and lagoons (Parker, 135%; Wilkinson, 1375;
Eraft and John, 137%; Howard and Frey, 19853; and Boothroyd et
al.,1985). The creation and lithificatien of barrler platforms
should result in a different pattern of preservation from that
described by Wilkinson {(1975), Hine and Snyder (1%585), and

Belknap and Kraft (1985), for Texas, Horth Carolina and
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Delaware, respectively. Infilled fluvizal channels, which are
below the depth of zhoereface incision, are preserved on the
inner shelf in all of those areas.

There are few downout palec—channels seaward of the
Charlotte Harbor barrlers because the fluvial systems
terminated in the Pine Izland Sound karstic depressien. There
are however, numercus, isolated, infilled sinkholes on the
inner shelf. These structures are especially common along the
trend of the WW-S5E trough (Figure 14} and may represent the
incremental enlargement of the trough system., While the
ultimate preservation of Quaternary seagquences depends osn Ehe
maximum Holocene transgression, sediments deposited landward of
the barrier platforms {up to the depth of the platform) should
be protected from shoreface incision but subdject to reworking
by tidal and fluvial channels, Seaward of the barrier
platformis) sediments deposited in karstic sinkholes will be

praserved in isolated conical depressions.

Comparizon of Necgene and Quaternary Seguences

The Heogene to Quaternary depositicnal seguences defined
and mapped in this study represent very different patterns of
sadiment accoumulatien. The late Heogene deposits contain at
least zix discrete depositiconal seguences which are up teo 30 m
thick, extend up to 35 km in a dip direction (Sequence E; Cross

sgection G-G''"'} and are continuocus in strike sections
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throughout the study area (maximum distances of 40 lkm; Figqure
22). The six dated Quaternary sequences (Figure 34) have a
csurlative ma=zimum thickness of 18 m, average between 3 and 6 m
(cumulative thickness; Figure 35), and cannot be areally
correlated within seismic preofile grids of 3-5 km spacing
(Figure 13). The litholegic end members of the Quaternary
and Meocgene segquences are similar, i.e., guartz sand, molluscan
calcarenite and/or shelly FUS, and mud-sized clay or silt (both
of guestionable mineralegy). The duration of the Quaternary
depositional ¢ycles has been correlated te discrete glacio-
austatic sea-level fluctuations (Figure 34) . Bicstratigraphic
dating &f the Heogene seguences indicates that they are of
Tortonian age (Peck, et al., 19%7%b) with sequence durations
possibly within Milankowvikbch periocdicities.

The Neocgene and Quaternary sequences represent different
depositional environments, i.e., fluvially- deminated,
prograding chenier plains wversus tidal inlet dominated
backbarrier lagoons. Quartz sand was introduced to the
carbonate terrain of southwest Florida via southward flowing
rivars which, during the late Miocene, terminated az the
progradational Pine Island cheniars. Prior te the deposition
of those sequences gquartz sand is present only as a minor
companent of limestones and marls {(Scotk, 1388).

In addition te the transport of large quantities of
gquartz sand, the fluvial and deltaic systems of the late
Necgene were responsible for the accumulatien of relatively

impermeable, widespread and leocally thick carbonate clays which



208
prevented vertical drainage and reinforced the develeping
pattern of lateral runoff. With respect to the transition of
the Florida Platform from a carbonate to a siliciclastic
regime, the late MNeogene prodelta and chenier envircnments
represent a logical precursor to the Quaternary fluvial and
astuarine environments.

The Quaternary envirconments are predominantly composed of
guartz sand (altheugh they contain significant quantities of
carbonate as molluscan shell debris). Discrete channel
structures which are not apparent in the Heogene deposibts, are
the primary preserved seismic facie in Quaternary deposits.
Although the Meogene and Quaternary sequences are separated by
5 MY of non-deposition or erosion, they represent the graduoal
progradation of sand-rich fluvial systems inte the study area
and subsegquent reworking by fluvial and coastal processes.

in important guestion raised by this scenario is that if
rhe deltaic envircnments prograded during the late Neogene,
then the Ffluvial environments should alse have prograded across
garlier deltaie deposits. This suggests that some of the
downcutting channels ascribed to the Quaternary Iegquences may
be contemporanesus with the Pine Island sequences. As these
channel structures are isolated by subsequent channel erosion.
there is no way to identify and correlate the channel
structures with their synchronous depositional sequences short
of absolute or biostratigraphic dating.

Antecedent topography has played a significant role in

poth the Neagene and Quaternary sequences by localizing
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depositioen and thus creating a relatively discrete source of
sediment for subsequent reworking. The lacation of the karst
system has thus created the southward and westward limit of
quartz sand transpert. Similar control by karstic topography
at Tampa Bay and Lake Okeechobee may be responsible for
limiting the westward and scuthward distribution of guartz sand
and the subsequent physicgraphic development of peninsular

Flarida.

Hydrogeclogic Significance

The antecedent topegraphy and depositiconzl seguences of
southwest Florida as described by this study have several
important implicaticons for the distributicon and integrity of
hydrogeclogic systems., The widespread Jdistributicon of karst
means that vertical exchange between aguifer systems is
probably the norm rather than the exception. The effect oi
such wertical exchange L5 illustrated by the presence of
several saline, geothermal springs which diszcharge in the area
(Figure 28), In additicon to thosze springs, which occur at the
extreme north and south margins of the study area, other sites
of artesian, saline, gecthermal aquifers are present along
wastarn Charlotte and Les Counties (Figure 46; Sproul, et al..
1272; Roseneau, &t al., 1977).

The large karst depressions which underlies Fine Island

Sound and Charlotte Harkbor are infilled with thick deposits of
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impermeable clay. &As indicated by rhis study, the deposition
and distribution of =each of the end member litholegies is
controlled by the infﬁra:tian of antecedent tepography and sea=
level syelicity. Along much of the Florida peninsula, the
hydrogecologic role of the middle to late Migcene depesits is to
confine the underlying Floridan Aquifer System. In southwest
Florida these deposits are still an important aguitard, but it
functions to separate underlying upward-leaking saltwater from
logcalized frashwater aguifers.

pquifers within the late Miocene Séquences, mo>st notably
Fhe Sandstone aguifer of Wedderburn, et al. (1382}, will be of
limited areal distribution due to their origin from laterally
restricted, high fregquency, sea-level contreolled depositional
cycles. The addicional limiting character of antecedent
topography further constrains their distribution.
Consegquently, attempts teo regionally correlate aguifers or
aguitards developed within the high frequency Sequences will be
unsuceessful.  However, the discrete pattern of karstified
antecedent topography and the derived deponsitional model which
ravaals the distribution of permeable and impermeable facies

provide a means of discovering and managing water resources.
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COMCLUSIONS

The goals of this study are to document the late Miocene
to Ouaternary depositicnal sequences of southwestern Florida
from continuous, high resolution seismic profiles and correlate
the resulting sequence model with borehele litholegles and
geophysical logs. The specific objectives to accomplish those
goals are:

1} Te define the pattern and rele of karstification
in creating small intra-platform basins;

2} Evaluate the pattern of karstification with
respect to basement structure and regional fracture
patterns;

3) Define and correlate the depositional
anvironments and distribution of the seismic and
litholagic sequences comprising the late Miocene
strata of soubthwest Florida;

4) pocument the role of karstified antecedent
topography upon the development of the
silicialastic=dominated fluvial/festuarine
environments of south Florida, and;

£} Examine the resulting depesitional model with
raspact to the hydrogeologic system.

The carbonate deposits that comprise the Florida platform
and underlie peninsular Florida pericdically undergo subaerial
and/or meteoric dissolution during sea-level low stands. In
the Charlotte Harbor area that dissoluticon has taken the form
of a rectilinear pattern of troughs that trend NW-SE and NE-SW.

These troughs are 50-60 km in length, 5-8 km in width and have
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vertical relief of up to &0 m helow the adjacent topographic
nighs.

The troughs, or uvalas of karst terminology, are
coincident ﬁith the regional fracture pattern and surfiecial
gaomorphic features, such as shoreline orientations, stream
beds and aligned ponds or sloughs. The karst pattern is alsc
coincident with deep structural features i.e., fracture zones
and postulated hinge zones (Klitgord et al, 1%84) as indicated
by gravity and magnetic anomaly maps. HNo obvious displacement
indicative of active faulting is present in the seismic
profiles, It is suggested that the coincident patterns reflect
vertical and horizontal propagaticon of structural weakness
Lhrough fracture selective karstic dissclution.

The late Neogene depositional sequences which infill and
overlie the karstified antecedent topography consist of six
unconfoermity bounded units which prograde south-socutheast with
southerly dipping internal reflectors. These seismic segquences
exhiblt a distinct proximal-distal facies transition, hawve a
gtrong offlap relationship with basal unconformities and minor
onlap at their updip limits. Although there is significant
variation in the external geometries depending on leocation
relative to the karst troughs, each seguence iz best described
as a prograding oblique seismic facie.

The lithologies which comprise the seismic sedquences
consist of three end members: 1) gquartz-dominated, pheosphatic,
pebbly sand, 2) a calcilutite interbedded with thin sand/=zilt

layvers and containing some melluscan shells and/sor molds and,
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3} wariably indurated quartz sandy, molluscan/foram
calcarenite, Unconformities are common and most Fredgquently
characterized by indurated, blackened limestone or cherts and
sharp sonic and gamma peaks on associated geophysical logs.

Correlaticon of seismic and litheleogic seguenceszs indicates
that the late Mioccene depositicnal environments can be modelad
as a series of regressive coastal lithosomes beginning with a
subaerial unconformity owverlain by fluvial pebbly sands which
is transitional to the sand/silt interbedded, deltaie
caleilutite which becomes increasingly shell rich and
culminates in a sandy, chenier ridge calcarenite.

The lithic-selsmic correlations establish an acoustic
velocity of 2.0 m/msec which is supported by published velocikty
estimates and a nearby sonic log, but iz too low by about Zx
Cased on velocities from Well 21 and 22 sonic logs. Limited
biostratigraphic data from Well 16 indicates that the sequences
are late Miccene age and their szeismic and lithologic character
indicate that they are controlled by eustatic sea=lewvel
fluctuaticons.

The NW-5E, NE-5W trending rectilinear troughs that
underlie the Charlotte Harbor estuary and lagoon system occur
in middle Migcene limestones and are infilled with late middle
Miocene calcareous; sandy, phosphatic clays. Besidual relief
and/or increased erodibility of the infilling sandy clays
localized the developing fluvial systems within the infilled
troughs and limited cross shelf sediment transport. Some small

palec-channels were observed in seismic profiles seaward of the



216
barriers. These channels are smaller than those landward of
the barriers and may be due to rivers flowing east or
southeasterly towards the karstic depressicon.

Three Quaternary litheleogic sequences were differentiated
frem the vibracores and interpreted on the basis of modern
depositional enviromments. These sequences are: 1} a fining
uvpward, fluvial to upper estuarine peint bar unit, 2} a
transitional estuarine unit of highly bioturbated, relatively
unfossiliferous, muddy to slightly muddy fine sand, and 3)
shelly to muddy sand, fining upward tidal deltastidal channel
saquence. The peint bar FUS is limited to upper estuarine
coras except where it underlies tidal channel deposits., The
ESTUarine segquence Sccurs primarily within the upper and lower
Harbor and also underlies the tidal channel sequence in several
lagoonal coras,

The tidal channel FUS cccurs throughout the lower Harbor
and is the dominant infilling sequence within the lagoons. The
thickness and frequency of this unit changes from the Harbor to
lagoonal sites and landward to éaaward across the lagoons.
Close to the islands the unit is thin (35 to 100 cm) and
repetitive due bo frequent inlet/flood tidal delta migraticn
and possibly overwash events.

Dating of the sequences using amine acid racemization and
determination of the Pleistocane/Holocane unconformity by
indurated, leached shell beds and Fe/humic stained paleosols
indicates that most of the lnterpreted sequences are Holocene

but five Pleistocene depositional episcdes are also present.
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~ Pleistocene sequences are present (as gach of the interpreted
units), however, they are usually lncomplete and difficult %o
correlate. AR dates of articulated shells show that most of
the deposition in this system can be attributed to sea=level
high stands at isotopic stages 7 and 1 with some units from
stages 9, Sa and Se.

The hydrogeologic development of the Charlotte Harbor
area iz affected by episzodes of both low szea-levels as periods
of major karstificaticn and by transgressing sea-levels which
have generated discrete distributiens of permeable and
impermeable deposits. Evidence of lateral karst progression as
sinks and springs around the margins of the troughs suggest
that wertical exchange iz the rule rather than the sxception.
It iz alszo apparent from the widespread wvariability of
depositional and karstic processes that correlation of aguifer
systems on a regional scale without continucus seismic profiles
or very closely spaced borehole data will be unreliable.

In conclusioan, the transition from a carbonate to a
giliciclastic depositional system which hegan in the late
Heogene in scuthwest Florida i3 ongeing. & regional pattern of
karstic disselution and collapse has controlled the transiticn
by localizing deposition of impermeable prodelta clays and the
developing paleo-fluvial systems. The introduction of gquartz
sand into the carbonate terraln was affected by the localized
fluvial systems and, the location of modern and rellict barrier
gystems has, in turn, been contrelled by the residual relief

and increased sediment supply derived from the paleo=-fluvial
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systemz. Processes of carbonate accumulation, lithification
and dissolution are eongoing and have resulted in the formation
and potential preservation of modern and relict barrier

platforms.
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