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DAY 1

Travel guide

Depart from the parking area between the Science Bldo. and
Otto 6. Richter Library at the University of Miami. Turn
right on San Amaro Dr. and proceed to Blue Road. Turn left
on Blue Road and proceed to Red Road. Turn right on Red
Road and proceed to Sylvania Blvd. Turn left on Sylvania
and proceed to Tamiami Trail. Turn Teft on Tamismi Trail
(US 41) and head west to Collier-Seminole State Park.

Junction with US 27 -
Jetport Trafning Site

Dchopee
Junction with 3R 29

Collier Semingle State Park. Park by Bay City Walking Dredge.
Fresentation by Sam Upchurch end Richard Strom.
Return to Tamiami Tradil and head west

Junction of Tamiami Trail and SR 92: turn left and proceed to
Marco IsTand

Intersection of South Barfield Dr. and San Marco Road (SR 92
becomes San Marco Rd}. Turn left on South Barfield Dr. Dune
areas visible,

Intersection of South Barfield Dr. and Inlet Dr. Turn left on
Inlet Or, Turn left on Watsen, then right on Scott, left on Kirk,
right on Highland {sometimes Caxambas) Road.

Intersection of Highland and Indian Hi11. (Highland may be replaced
by Caxambas in places) Calusa 5hell moumnd on MW corner. High sand
dune forming Indian Hil1l. Presentation by John Beriault, Jr. Proceed
over Indiam Hill to Seott. Make vight turn on Scott and proceed back
to South Barfield Dr., the same way as in. Drive north on South

Barfield.
Intersection of South Barfield Dr. and San Marco Rd. Continue MNorth.

Intersection of N, Barfield and Morth Collier Bivd. Right turn on
Collier Blvd. Return te mainland.

Junction of SR 957 amd US 41. Proceed north on SR 957.

Turn right on dirt road into rockpit.

Marco Island Water Supply rockpit. Presentations by Mark Stewart,
Theodore Lizanec, and Paul Jakob. Retursm to 951, turn right and
head north.

Intersection of SR 951 and SR B26. Turn right on SR B46 and head
towards Corkscrew Swamp Sanctuary.
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Corkscrew Swemp Sanctuary. Presentation by Mike Duever.
LUNCH.
Return to SR 846 turn Tight and proceed south to SR BSE.

Intersection of SR B58 and SR B4E&. Turn left and drive east
orn SR B58.

Pliocene Reef, James Hill Property. Presentation by Jack Meeder.
Return to SR 845, turn left and drive south towards Mule Pen
Quarry. )

Pliocene Reef, Mule Pen Quarry (Meekins Inc.) on north side of
Sh 84E. Presentztion by Jack Meeder. Return to SR 546, head
west to Ramada Inn, Vanderbilt Beach.

The beach at the Ramadz Inm, Vanderbilf Beach. Presentation
by Sandy Nettles.

DAY 2
Ramada Inn, Vanderbilt Beach. Presentations by Woody Wise,
Susan K¥inzing and Stan Winn, Proceed east .7 mile to junction
of SR 846 and C-%01 {Yanderbkilt Or.). Turn left and proceed
north on C-901.

Intersection of C-901 and SR BEBS. Turn left om 5R BG65.

" Intersection of SR BES and Kelly Road; sign pointing to Sanibel

and Captiva Islands.

Intercection of Kelly Road and McGregor Blwd. (SR BE7). Turn
left and head west on SR B67. Proceed to Sanibel Island via
Cavseway and Lindgren Blvd.

Intersection of Lindgren Blvd. and Periwinkle Way. Turn right
on to Periwinkle.

Intersection of Periwinkle and Tarpon Bay Road, Turn right on
Tarpon Bay Rd.

Intersection Tarpon Bay Rd and Sanibel-Captiva Rd. Turn left
on Sanibel-Captiva Road,

Teland Water Association [IWA) Reverse Qsmpsis Plant Tocated on
Jeft (south) side of rosd, Enter by means of dirt road. Tour

of facility given by lan Hynd (IWA}. Presentation by Tom Missimer,
Return to Sanibel-Captiva Road, turn right, drive east to Sanibel
Lighthouse Perk. Sanibel-Captiva Road will turn into Palm Ridge
Road, then Periwinkle.

Follow Periwinkle to Sanibel Lighthouse Park.

Sanibel Lighthouse Park. Bear to left towards fishing pier and
head-guarters of J.N. Ding Darling Katipnal Wildlife Refuge amd
park. Shelling excellent! Presentation by Don Moore and Tom
Missimer. Return to Periwinkle, then exit from Sanibel Island by
turning right and heading north on Lindgren Blivd. Proceed across
Causeway and back onto SR 867.

Intersection of SR BE7 and BG6S. Continue on SR B67.

Intersection of SR B67 and B73 (Colonial Blvd. or 828). Turn
right on Colonial Blvd. and head east.
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Stop No.12

Stop Mo 13

Turn right off (Colonial Blvd (BZEB) onto urmarked road leading
to Harper Bros. quarry operation.

Harper Bros. Dolomite Quarry. Presentation by Jack Mesder.
Return to Colonial Blvd, turn right and head east; Follow
signs for Hwy B2ZB.

Follow Hwy 828 as it turns left off Colonial 'Blvd. If you
pass under 1-75 you've gone too far,

Intersection of SR 82 and 828, Turn right on SR B2 and head
east,

Lee County Sprey Irrigation Site. Pull off onte road shoulder,
Pregentatian by Lou Motz and William Boeskoecsky, Return to
SR B2, :

r

Intersection SR 82 and SR 25, Turn left onto SR 29 head north.

sun 0il1 Tank Farm - Felda 0i1 Field. Pumping wells visible in
WW-SE trend. Pull into Tank Farm. Presentation by George
Winston. Return to 5R 29 and head north.

intersection of SR B0 and SR 29 in LaBelle. Turn right 2nd
head =ast on SR BO.

Turn right into Port LaBelle's Water Plant - Wellfield Area.
Presentation by Tom Tessier. Retwrn to SR B0 and head west
to SR 29. '

Intersection of SR 80 and SR 29 in LaBelle. Turn left and
heed south to Tamiami Trail {US 41). '

Intersection Tamiami Tradl and SR 29. Turn 16Ft and return
to Miami.

University of Miami, parking lot between library and science
building.
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ROLE OF HUMIC SUBSTANCES IN TRANSPORTATION AND DEPDSITION OF CALCIUM

Sam B. Upchurch, Richard N. Strom
Department of Geology
Unfversity of South Florida.
Tampa, Florida 33620

ABSTRACT

Comparison of calcium activities determined by specific fon electrodes with theoretical
activities of calcium calculated from the Davies equation suggests that a significant amount
of caleium 15 fn transport in waters of southwest Florida as complexes with organics (humic
substances). The Blackwater River, Collier County, Florida, is rich in humic substances derived
from cypress swamps, salt marshes, and mangrove swamps, Between 33 and 75 percent of the calcium
dissolved in the river is bound to soluble humic substances. The greatest relative amount of
complexing is in "fresh™ waters where up to 0.19 mg ca*Z/mg organics can be complexed, Inm
brackish and sea water the relative amount decreases owing to competition for bonding s$ites with
other catjons. The organometallic complexes are significant in that they may be responsible for
up to 75 percent of chemical weathering in aquatic environments and they appear to be a major
vector for calcium fixation in the hard parts of marine and estuarine organisms.

-

INTRODUCTION

The coast of southwestern Florida, including the Ten Thousand Islands, constitutes the most
extensive mangrove swamp in Morth America. This coastal enviromment forme much of the basis of
the food chain for cosstal and offshore biota (Lugo and Snedaker, 1973). Mangrove dominated,
detrital food systems depend upen production of particulate and soluble humic substances, which
are either consumed directly by higher organisms or metabolized by bacteria. Sesward transport
of these organics is by tidal flushing and discharge of coastal rivers, such as the Blackwater
River at Collier-Seminole State Park, Collier County, Florida.

Manskaya and Drozdova (1968), Saxby {1968}, and Jacksen and others (1978} have shown that
huric substances produced during the partial decay of plant litter are capable of
complexing or chemically chelating a variety of cations, Humic substances have poorly defined
structures and range in molecular weight from 2,000 to 300,000 (Schnitzer, 1966; Eglington and
Murphy, 1963). They are electrically charged and, consequently, solubility and colloidal stability
in water are controlled by numerous factors, including pH and fonic stremgth (salt content) of
the solution. The Blackwater River system has from 600 to 10,000 mg/1 dissolved organics. At
salinities below approximately 20%/oco the humic substances are largely dissclved or in a stable
suspension. Above this salinity, the organics begin to flocculate ewing to an increase in pH
znd, more important, an increase in salt content. Cations most 1ikely to be complexed with
humic substances are these with small fonic radii and charges greater than +1 {Manskaya and
Drozdova, 1968). Thus, calcium, magnesium, mercury, cadmium, finc, iron, and many other cations
can be significantly complexed, .

In order to test the hypothesis that humic substances are important complexing and transport
agents of cations in mangrove swamps, we have undertaken a research program in the Ten Thousand
Islands. A number of our samples are from the Blackwater River (Fig. ]?. We have sampled water
under a wide range in conditions with salinities from 3 to 28%00 and volatile disselved organic
contents from 610 to 10,682 mg/1 in the river.

Lowest organic content and salinity can be found near Stop 1, the boat basin in Collier-
Semincle State Park, This locality represents the innermost boundary of the mangrove swamp.
Inland from this site, where-water moves primarily as sheetflow and shallow ground water, the
organics are derived from decomposition of vegetable matter in uplands, cypress strands and
scattered, small wet pararies. At the transition into mangrove swamps there is commonly a
small salt marsh, such 2s can be seen at this stop. The salt marsh supports a stand of Juncus,
with scattered Sparting and other salt-tolerant plants. 5alt marsh is not of major importance
in the headwaters of the Blackwater River, but is extensive in drainage systems to the south.

The mangrove fringe averages 11 km in width in the vicinity of the Blackwater River. The
inner part of the swamp, which includes a1l of the Blackwater River shown in Figure 1, consists
of thick growths of red mangrove (Rhizophora) and black mangrove (Avicennial. 3mall tidal
channels allow development of less salt tolerant, mesic plant communities. The outer part of
the swamp, which extends from sample station 16 to the open Gulf of Mexico [Fig. 1), 15 charac-
terized by cpen bays of near-normal salinities and scattered mangrove islancs. The bays are



shallow [mean depths less than 1 m) and contain numerous oyster (Crassostrea) reefs, These reefs
are generally linear in nature and are aligned so as to maximize access to detrital food sources.,

Sedimentt in the three major areas of the Blackwater River vary dramatically in composition.
The higher areas of the cypress strands and associated pine flatwoods are underlain by fine sands,
Wet areas in this environment contazin thin peats of fresh water origin {(Cohen and Spackman, 1977).
The salt marsh areas are generally underlain by thin peats as well. The mangrove swamp is under-
lain by thicker peats and mucks (Cohen and Spackman, 1977). Hear the tidal channels, where
terrigenous sediments (silt, fine sand) can enter the swamp, there are rucks with up to 50 percent
organic content. Interiors of swamps contain true peats, The beds of rivers, such as the Black=
water, are fine to medium, quartz sand. A1l carbonate sediments are rapidly destroved in the
swamps by dissolution in the acid, organic-rich water. The bays contain terrigenous Tine sand,
si1t and clay mized with Tow-magnesian calcite si1t  The sediments range from 4 to 76 weight
percent carbonate. Much of the carbonate fraction of these sediments s derived from attrition
of oyster shells (Williams, im prep.). In addition, Williams has found well developed, unabraded
calecite rhombohedra in the sediments of these bays. Our work shows that, if all of the calcium
is considered to be unaffected by organic complexing, waters of the bays are over saturated with
respect to calcite by almost 20 percent and, thus, caleite crystals could form.

Methods

Samples were taken in the Blackwater River (Fig. 1} on February 25, 1978. Eh, pH, temperature
salinity, and “apparent” calcium activity were measured in the field. Samples of water were pumped
into sample bottles using @ peristaltic pump and the samples were refrigerated on return to the lab.
All major anions and cations were measured in the lab according to standard methods.

In order to determine how much calcium i in transport as an organic complex, we designed an
experiment to partition total calcium between organically-bound calcium and free or imorganmically-
complexed ions in solution. The total concentrations of calcium in filtered water samples were
determined by atomic abzorption spectrophotometry. The "apparent" activities of free Ca*c jons
in splution were measured potentiometrically in the field using an Orion specific fon electrode
with & 4M KC1 salt bridge to a silver chloride electrode.

Using the "apparent” calcium fon activities and the calcium 1on activity coefficients cal-
culated from the Davies equation in program WATEQF [Plummer and others, 1976), the concentrations
of free and {norganically-complexed calcium fons in solution were caiculated. The difference
between the calculated and measured calcium concentrations is taken to be “organically-complexed”
caleium. Errors introduced into the activity messurements, specifically the Tiguid jumction
potential and membrane salting, yield high "apperent” Ca*? activities. Conseguently, the values
given for "organically-complexed" calcium are minima.

Organic content was determined by filteripg the water and evaporating a known volume to
dryness at 1039 C for 1 hour and at 1807 C for 1 hour. This resulted in gravimetric determination
of total dissolved snlids, Volatile dissolved splids [dissnlved {lrganil;'t?_ were determined hy

igniting the disselved solids residue for 30 minutes at 550% € (Jenkins and others, 1573},
Results

Figure Z shows the distribution of dissoived orgenics in the Blackwater River on February 25,
1978, MNotice that minimum dissolved humic substances are found at the head of the river, where
salinities are least. As salinity increases the organic load increases due to contributions from
the mangrove swamp. The samples from highest salinities were taken near the mouth of the river
(Fig. 1) and contain maximum organics. The abnormally high organic load in the sample at 279%/0p
salinity (Fig. 2) is undoubtedly dve to flocculation. At the time of sampling wpper wiver water
with salinities less than 20%9/00 was a clear, rich brown color and obviously had 1ittle or no
suspended particulates. As salinity increased above 20%/o0, however, the water became a turbid,
opague brown. This persisted until station 16, which is very near normal seawater comditions,
and indicate: that the dissolved organics were flocculating and precipitating in the =alt water -
fresh water mixing zone. Undoubtedly, filtration of these fragile floccules destroyed some of
thEm1and resulted in an abmormally high dissolved organic Toad reported for the 279/00 salinity
sample.,

If you compare the pBttern of organic content in the water with the partitioning of calcium
(Fig. 3), it 15 apparent that the relative amount of organically-complexed calcium changes as
dissolved organic load changes. At low salinities a large proportion {up to 75 per:entg of the
calcium i3 bound on organics. As salinity increasés the absolute amount of organically-bound
caleium does not chanoe drastically, but the relative mmount decreases, We feel that there s &
competition between calcium and other ioms for sites on the organic molecules. At low salinities,
there is 1ittle competition of iont for complexing sites and the majority of the calcium is eesily
complexed. As salinity or salt content increases, other jons, which are present in higher concen-



trations than calcium, begin to compete with caleium for sites, The first evidence of this
competition is that the organics flocculate when salt content reaches approximately 209/00.

cacond, the amount of free calcium increases. As will be shownbelow, this could only happen
if pther ions are blocking complexing in the high organic-content waters of the river mouth.

L traditional menner of determining if coeplexing takes place is to calculate adsorption
scotherms for the metal being complexed and the complexing medium (Riley, 1938). A maximum
adeorption capacity can be calculated. In the case of the Blackwater fiver samples, the adsorp-
+ion isotherm is not followed and inctead an inverse relationship between amount of free calcium
and amount adsorbed per unit mass of adscrbant existt. This relationship typically results in ~
either of two cases, {1} saturation with respect to some mineral precipitate or {E{ seme other
cation is more effective at being complexed than the cation of interest. The first case is not
likely within the river since only sample 16, which is &t the mouth of the river shows saturation
with respect to calcite, WNone of the samples are saturated with respect o aragonite, Magnesium
is equally complexed according to other data we have obtained, so dolomite is an unlikely mineral
to form.

The second case outlined above seems important, At Tow salinities up to 0.19 mg Ca/m]
grganics have been complexed. At higher salinities, the amount bound decreases to a minimum of
only 0.02 to 0.04 my Cafmg organics. Mean amount of caleium complexed 1s 0.08 mg Ca/mg organics.
1f there were no competition for complexing sites, then the amount of calcium complexed per unit
mess of organics would follow the isotherm and either continue to increase with fncreased calcium
content (Fig. 3) or remain constant if the complexing maximum has been reached, Since the amount
of calcium per unit mass of organics declines with increasing salinity, it can be concluded that
other ions are more effective at complexing and calcium is either remaining at that level com-
plexed upstream, before competition, or it is being removed from the complexes and is being
replaced by other ions. Figure 3 suggests the former of these possibilities.

CONCLUSIONS

Clearly, there are two important phenomena that are shown by the result of this study. First,
chemical weathering of limestones and transport of caleium in low salinity waters are dominated by
organic complexing of calcium. If residence times are sufficient for both inorganic and organic
equilibria to occur, then the amount of chemical weathering can be prodigious. Studies of the
chemistry of calcium in organic-rich fresh waters could elucidate this phencmenon. Simple cal-
culations of inorganic equilibria will be micleading. Im fact, it is possible that equilibrium
calculations assuming only fnorganic complexing will indicate that the water is saturated with
respect to a particular mineral when it is not. This is the case with our sample 16, which
appears on the basis of total calcium to be over saturated with respect to calcite, In fact,
the sample is not over saturated as aimost 50 percent of the calcium s tied wp in organic
complexes and is not directly available to precipitate calecite.

The second important result of this study is the behavicr of the organics at the salt-water
frash water interface. As the floccules form, they contain complexed calcium &nd nUmErQUS other
catipns. These floccules efther (1) are redissolved during 2 later tidal cycle, [2) become part
of the organic matrix of the sediment, or {3) are ingested by detritus feeders. The former case
will only result in additional tramsport before one of the Jatter two cases happens. The second
case undoubtedly occurs and results in 2 high organic content in the sediments of the bays. Dia-
genesis of bay sediments, including bacterial breakdown of the floccules, may create calcium-rich
interstitial waters and hzsten formation of authigenic carbonate cements. The third case may be
the most significant. Many detritus feeders, tuch as oysters, are susceptible to trace meta
contamination. Ingestion of floccules may serve as 2 vector for introduction of these trace metals
to the food chain., Additionally, it may well be that aysters obtain the calcium required for
shel] production through ingestion of these floccules. .

We are continuing our studies into the technology required to identify organic complexing in
water and, in particular, the use of specific ion electrodes for this task. We are also studying
the sediments of the shallow bays and rivers of southwest Florida in order to determine the origins
of carbonate sediments therein. Finally, 2 colleague, L.J. Charlesworth, is cooperating with us by
examining the origin of reefs and associated sediments. .
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THE MWATURAL FEATURES AND PREHISTCRY OF
MARCO 1SLAND, FLORIDA

John G. Beriault
P.0O, Box 7016
Naples, FL 3394

INTRODUCTION

Marco Island, the largest of southwest Florida's Ten Thousand Islands is as remarkable im
diversity of physical features as in size. The surface area of the island encompasses 2400
hectares {6,000 acres) (Gi111land, 1975) in the form of an irregular land mass extending 7.3 km.
on a north-south axis and 8.75 km. on an east-west axis. However, Marco Island is truly note-
worthy in a region where all features are less than 7.6 m. (25 foot) elevation [Scholl, 1964)
due to its great variance of topographic relief. Land elevation can range Trom extensive man-
grove swamps awash at high tide to 16 m. (50 foot) sand dunes at Caxambas (Cockrell, 1570).
Eetween these extremes, there i5 2750 2 lerge, level pineland area in the interior - 2 feature
few other islands in south Florida can display (potable exceptions being Big Pine Key in the
Florida Keys and Pine Island near 3anibel).

Marce Island's topooraphic features cam be grouped chronologically into three main physical
divisions. Cockrell (1970) surmises "the internal high dune ridoes must be the oldest physfio-
graphic feature on the island." These dunes and the adjoining pineland areas are likely to be
of Pleistocene origin (perhaps dating to Pamlico times), covering a Pliocene-era Tamiami bedrock
formation. The Marco Island area has been portrayed om geoclogic study maps (Davis, 1943; White,
1570) as being situated at a transition zone between underlying Tamiami and Anastasia formations.
Evidence suggests since their initial deposition, the dune ridges and interior features of Marco
Island have been extensively altered by aeolian sand bwildup and possibly a slight amount of
aboriginal activity.

Fronting these earlier (Pleistocene) sand dunes and bordering the Gulf of Mexico to the west,
i "a dynamic sand beach, shore and lagoon strand” with one or more "low ridged cape(s)"... of an
"ypland (nature) with well-developed ridge and swale topography (Miller, 1978)." White [1970)
describes the coast as "progradational” and mentions "the broad succession of relict beach ridges
and barriers® that form as a resvlt of this outward buildup. Further modifications are taking
place at the coast as the result of offshore bar deposition and rising sea level (Miller, 197E).

The formation of Marco Istiand's outer beaches it Bn ongoing process thet began according to
some estimates (Miller, 1978) approximately 6,000 years ago. This postulated age corresponds
closely with eustatic sea level rise, which has determined rates of coastal sedimentation. Much
of this highly organic accretion 15 1inked to the continuing development of the vast mangrove
swamps comprising the "drowned" coastline of the Ten Thousand Islands. These massive peat beds
receive most of their sediment from biclogical sources - detrital matter from mangroves and
remains of marine organfsms (Scholl. and others, 1969,

As distinct ecological communities these same topographic features can be discussed in
slightly different fashion. The coastal beaches are inhabited by a largely tropical community
of littoral plants growing fn 2 medium of finely ground shell with 2 small percentage of sand,
This environment is subject to immediate alteration or disruption by storms and tidal activity
which can wash away a section of beach and close or open passes to estuarine aress overnight.

Vegetation

Bordering these backbays and surrounding Marco lsland to 2 varying extent are the mangrove
cwamps - "mong-forests" consisting largely of red, black, and white mangroves (Rhizophora mangle
L., Avincennia nitida Jacg., and Laguncularia racemosa L.} and buttonwood {Conocarpus erecta L.],
with occasional low understory of saltwort (patis maritima L,) or several other salt-tolerant
plants. Despite the apparent floral monotony of this zone, the mangrove swamp system is probably
;?e most intensively productive in terms of biomass of the many environmental regiont in south

orida. ;

Upland and inland on Marco Island from the mangrowe rane are saltwater marshes - transition
areas containing black rush [Juncus sp.} and Spartina sp. grasses. Some freshwater marshes
existed in a situation s$ti11 Further above sea level, but recent extensive development has elimina-
ted all or most of them. The pinelands, on yet greater elevation, at one time covered a major
porticn of the flat, sandy terrain in the center of the island. Land height in relation to sea
level varied from 1ess than one meter to more than two meters for most of the pinelands. The
plant community was predominately carribean slash pine (Pinus elliottii var. densa Little &
Dorman), sew palmetto (Serenoa repens (Bartr.) Small), and a variety of herbs and grasses.
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Above several meters elevation {above sea level), the pinelands yield to vegetation of the
high sand dung ridges which are concentrated fn the Barfield Bay/Caxambas Point area znd on neigh-
goring Horrs Island. The dune crest averages 6 meters and Supports a dense xeric scrub vegetation
composed primarily of low gak (Quercus 5p.§, various thorny plants {ex. Opuntia sp. cactus and
Eunelia sp., buckthorn), and scattered saw palmetto. The plant community s similar to that found
on certdin hich sandhills north of Lake Okeechobee, but with the inclusion of several tropical
components.

Throughout the xeric scrub of the dune ridge are located scattered patches of tropical hammock
which generally coincide with aboriginal sites. These discrete areas are characterized by gumbo-
limbo (Bursera simarube (L.) Sarg.l. mastic (Mastichodendren foetidissimum (Jacq.) Cronquist),
eugenias [Eugenia £p.7, satinlea? {Chrysophvllum oliviforme L.), wild coffee (Psychotria undata
J.J, tall ozks, and other plants growing on ar:haeuingicai depositions of thinly mixed black
midden soil and shell. In the aress south around Caxambas, these dune hammocks have concentra-
tions of exotic plants introduced during historic times by early white settlers. Century plant
(fgave americana L.), Spanish bayonet {(Yucca aleifolia L.), periwinkle {{atharanthus roseus {L.)

G. Don), miracie leaf, & succulant [Kalanchoe pinnata Pers,}, cathedral beTls (Kzlanchoe grandi-
florg A. Rich.), bowstring hemp (Sansevieria thyrsiflora Thunb.) and a wide variety of weeds are
but a2 few of the feral introductions.

The final majer ecological community can be found on the mejor undisturbed shell mounds on
Marco Island and the surrounding region. On Marco Island, these sites are located either at the
base of the dune ridges or in mangrove swamps, but always near navigable water., These artificial
shell structures, often of several meters height, support more of the above-named tropical amnd
exotic vegetation, much of it thorny and adapted to the dry, nearly desert-like conditions pre-
valent on these sites in the winter months. A study of the plant commenities found on 2l ramdom
sites of this type extending from Cape Sable north to Mound Key in Lee County catalogued at Teast
201 species founc on one or more locales. Of these, as many as 20-35 plant species can be commonly
fcug? growing on most unaltered shell mounds exceeding .5 hectare (about one acre) extent [Craighead,
1977).

Archaeological Peripds

Merco Island has undergone varicus name changes during historic times. In the earlier
archaeglogical Titerature, it is frequently referred to as "Key Marco,” but this designation tends
to apply only to the site worked by Frank Hamilton Cushing n 1B96 on the morth end of the island
(2n ares today known as 01d Marco Village).

Besides the Key Marco Site, Marco Island contains two other large shell mounds and many smaller
ones of varying degrees of importznce, The Goodland Point 5ite, surface-collected by John M. Goggin
in the late 1940's, Ties to the east. Caxambas Point with its lofty dune formation and neighboring
shell mound 15 situated on the south end of the i5land.

Cushing (1896), Clarence Moore [1905), Ales Hrdlicka {early 1920's), Matthew Stirling (1030't),
Goggin (1930's to 1950°s), and other archaeclogists have over the years made sporatic investigations
@t Marco Island. However, beginning im 1967, the Florida Department of Archives and History began
& comprehensive survey and series of test excavations. The principal investigators (Morrell and
Cockrell] discovered "a previously unsuspected cultural stage dating from ca. 500 to ca. 3,000 .
B.C...." (Widmer, 1974} which includes *...a new verified southern distribution for fiber-tempered
teramics... and the existence of the Late Archaic tradition in the Calusa sub-arez" {Cockrel¥, 1970},

As & result of these conclusions derived from this survey and earlier archaeological work, two
basic chronological divisions or stages have been formulated to explain the prehistoric (pre-Contact}
2boriginal habitation of Marco Isiand - the (earlier) Archaic Stage and the {later) Formative Stage
(further divided into three "Glades” periods).

The Archaic Stage in southwestern Florida has been tentatively dated back to 5,000 years B.P,

The characteristic site types on Marco Island have been depicted a5 small camping areas on the high
dune ridges which contain fiber-tempered pottery (Widmer, 1974).

During the Archaic Stage, Indians in Southern Flarida "were semi-sedentary, basing their econory
tn hunting, fishing and gathering. They depended equally on terrestrial and marine resources” (Widrmer,
1574}, There was "no specialization of €ubsistence technology to exploit the rich marine emvironment
o the fullest extent” (Cockrell, 1870}, The early Archaic Period possessed no ceramics but the latter
Part of the tradition saw the introduction of fiber-tempered ceramics - .the oldest pottery type in
the New Norld, At Site 8Cr 112 on Marco Is1and, one cherd was (=14 dated by association with ehareoal
3l ca. 3150 B.C., one of the oldest dates vet obtained for fiber-tempered Euttery in North America.
g““" M. Goggin classified fiber-tempered sherds in the Florida area into the "Orange Series” which

Acludes Orange Plain, Orange Incised, and Tick Island Incised {Cockrell, 1570).
~ In addition to the above cresmics, Archaic sites on Marco 1sland dizsplay 1imestone-tempered
Tfficn Island Plain and Incised wares and a chalky, temperless pottery similar to 5t. Johns Plain.

" other artifactual traits for the Archaic stage seem to entail the use of shell tools with modified
Columeltae and chipped stone stemmed projectile points for stlatls or spear throwers [Widmer, 1974,
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The demarcation point (often referred to as the Transitional Period) between the earlier
Archaic and the later Formative Stages is, 25 in most broad temporal divisions, not precise. By
800-500 B.C., cultural traditions had generzlly undergone a change in the south Florida area to
an era marked by “ceramics, distinct in sand-tempered paste, and incised and/or ticked decorative
motifs..." (Cockrell, 1970).

In addition to changes in pottery, the Formative Stage was marked by "the exploitation of
the food resources of the tropical coastal waters, with secondary dependence on game and some use
of wild plant food" ﬂﬁnggin* 1349). This change in food-gathering patterns led to 2 shift in
habitation from the small sand dune campsites to larger, more established settlements - villages
of dwellings, possibly supported on piles, in lowland areas on or near navigable water. The
resulting byproduct of this more efficient and specialized mode of enmvronmental exploitation
are the extensive shell mounds, often of 4 hectares (10 acres) extent or greater.

The new emphasis and dependence on marine resources during the Formative saw the development
of "a very diversified shell tool industry” (Widmer, 1974) which utilized whole or partial 1ightning
whelks (Busycon contrarium) and horse conchs {Pleurcploca gigantea) to create hafted and unhafted
picks, hammers, gouges, and dippers. Clam {Htr:enarga mercenaria) shells were sectioned and notched
to produce & distinctive artifact which may have functioned as a net weight,

John M. Goggin, as the pioneer interpreter of south Florida archaeology, divided the Formative
Stage into three (G6lades) periods: Glades 1, S00 B.C - 500 A.D.; Glades 11, 500 A.D. - 1300 A.D.:
Glades 111 {Climax), 1300 A.D, - 1600 A.D. or European Contact.

Glades I is subdivided into two parts, the first {Ia)] saw the use of undecorated sand-tempered
plain ceramics; the laiter (lb) encompassed the introduction of the earliest decorated ceramic styles
of the Formative {Fort Drum Incised and Punctate). Glades II saw the introduction of additiocnal
decorative {incised} ceramic motifs ([Gordon Pass incised, Sanibe) Isiand Incised).

Glades 111 has 2l1sc been delineated in the main by changes in pottery type-styles. St. John's
Check-Stamp, an "imported" pottery from northern Florida becomes sbundant at the beginning of this
period and serves a: & generzl time marker, This last Glades period is further subdivided [Glades
ITla, 111b, Illc) on the basis of localized ceramic changes. Surfside Incised (Glades Ilz); Glades
Tooled, with its "pie crust-crimped" rim (Glades 11Ib); and finally, Contact times (Glades IIlc)
with the occurrence of Spanish 0live Jar pottery and other European trade goods - these are but a
part of the artifactual evolution denoting cultural chamges during the last 300 years of south
Florida's prehistory. :

The Glades 111 period (2t last during its earlier portions) is considered the "climax" cul-
turally of the Formative Stage. The extensive shell midden village complexes were in full dewvelop-
meént by this time and exhibited construction features such as canals, ramps, mounds, and platforms
(Miller, 1978). Glades 117 is also the time {ca. 1300 A.D.) to which Cushing ‘s famous Key Marco
finds have been assigned (Widmer, 1974). This remarkable assemblage of carved wooden masks,
ceremonial paraphernalia, tools, and weapons was recovered from a muck-filled "court" on the south-
west corner of the Key Marco shell midden in 1896, This discovery still ranks as one of the most
significant in terms of preserved wooden materials made in southcastern North America. Stylistie
elements and motifs of the Key Marco artifacts 1ink them teruously with 2 brosder regicnal cultural
phenomena termed the "Southeastern Ceremonial Complex" - manifestations of a widespread and forma-
lized "state-religion” practiced in varying forms throughout the Southeast.

Caxambas Point

COf the three major shell midden sites on Marco Island, only Caxambas Point retains even a trace
of its former appearance in the face of intensive development, Cockrell, in his investigations indi-
cated aboriginal shell deposits at the site may be as deep as 9 meters (30 feet) (Cockrell, 1970).

The name "Caxambas" s 25 striking 25 the place itself and 1s apparently of quite early origin.
D. Graham Copeland, an early South Florida historian, contacted one linguist who felt the name may
have originally been “Cajimbas" and stated, "this is probably a Calusa name and cannoct be translated®
{Copeland, 1547). FAnother source believed the word to be "Casimba", Spanish for "bailing bucket”,
dencting the cbtaining of fresh water by the early explorers from shallow wells that tapped a layer
of fresh water overlying salt on several areas of Marce Island. One obscure newspaper article
recounted this presumed activity in the follewing manner:

"The name Caximba was pronounced Kahamba in 1B30 and is interpreted by some as ‘the place

of many wells', for the Spanish ships got their fresh water there by digging shallow wells on
the beach a few paces back from the salt water. The word 15 also interpreted by some as ‘the
Eggg?' in ancient Spanish, possibly due to Indians® fires showing from the hill tops® (Watson,

Whatever the derivation of the name, Caxamhas has had as equally varied and eventful a history as
its prehistory. Copeland felt that certain alleged references in the diary of the pilot of Ponce de
Leon to "sand hills" may have referred to the first recorded European sighting of the hills of Caxamba
However, one of the earliest verifiable references to the specific area of Caxambas was made in John
Lee Williams' Territory of Florida (1837) which stated:
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“isle Roman (Marco Island) is separated from the main by the Caximba (Caxambas Pass),
1t is about thirty miles southeast of Carlos (Caloosahatchee River). Tt is near
fifteen miles from north to south and ten to twelve Trom east to west. The north
grd 15 cut up with creeks and lagoons, but contains Some extensive hammpcks and old
indian fields {shell mounds?). Three or four good plantations are under cultivation.
That occupied by John Durant, a native of Savannah, 1ies about a mile from the western
coast, the white gyster ¢1ifts of which are seen halfway through the Caximba. Corn,
peas, and mellens are the principal productions, The interior of the island 15 pine
barren. The south point of the island 15 the Cape Acies, or Punta Longa of the
Spanish charts, and the Cape Roman of the Eritish; it terminates in dangerous shoals
which extend fifteen miles into the GuIf" (Williams, 1837).

The 1dy11ic conditions detailed above were disrupted by the hostilities of the Seminole Wars
when white settlement became unsafe in South Florida. Except for passing military expeditions,
there was little white presence in the area until the late 1860°s when the next "permanent”
settlers made their home on Marco Isiand to humt, fish, and farm vegetable crops for the northern
winter market via Key West. Caxambas Point during the early part of the twentieth century becams
the site of the Burnham (Clam) Packing Company which flourished until about 1945, Ironically,
this clam harvesting activity notably increased the size of the prehistoric shell midden upon
which 1t was situated.

The small commercial fishing community at Caxambas was relocated to Goodland Point in 1949
to make way for an abortive land development. Conditions remained essentially static until the
garly 1960's when the Marco lsland Development Corporaztion began extensive alterations at Caxambas
and elsewhere on Marce Island resulting in homesites, roads and canals {Cockrell, 1570). Despite
these modern changes, Cexambasz sti1] c?ings to @ small remnant of the topography that made it
warthy of interest during the R,00N years of it: interactinn with humanity.
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APPLIEAT]DH.I}F ELECTRICAL RESISTIVITY METHODS

TO GROUND WATER RESOURCE INYESTIGATIONS IN
COASTAL COLLIER COUNTY, FLORIDA

Mark T. Stewart, Theodore J. Lizanec
Geology Department
University of South Florida
Tampa, FL 33620

ABSTRALT

A surface DC resistivity investigation was conducted in order tp assess the potential of
resistivity methods for detminln? water quality ard lithology in coastal zones. Ninety-four ver-
tical electric socundings were completed and interpreted using an automatic, digital computer inversion
technique. The salt water interface is approximated by the depth at which bulk resistivities are 20
ohm-meters or less. The interface exhibits a steep zeaward margin with & narrow zone of diffusion.
Inland the interface is less distinct, and water quality variations are correlated mors closely with
near-surface 1ithology than water table elevation. The conclusions are that resistivity methods are
effective in determining water quality and 1ithology to depths of 200-250 ft., that the seaward margin
of the salt water interface fits the expected hydro dynamic model, but that inland water quality varia-
tion s stromgly influenced by lithology and flow system vigor.

INTRODUCTION

This repert presents the results of a study of the use of surface electrical resistivity methods
for ground water resource investigations in coastal areas of south Florida. The geophysical survey
was conducted by members of the Geology Department of the University of South Florida, in cooperation
with the South Florida Water Management District. Major funding was provided by the SFWMD.

This investigation of the application of surface electrical resistivity to ground water investi-
gations had two nbguctiws. The first was to atiempt to locate the fresh water/salt water interface
at the coastal and lower margins of the aguifer. The second was to determine the usefulness of sur-
face resistivity for mapping 1ithologic and water quality variations within the landward, fresh water
portions of the aguifer. .

The site chosen for the study was western Collier County, Just south of Naples, Florida. The
study area covers 24 square miles, six miles Tong by four miles wide, Its long axis parallels Highway
81, running SE from a2 point one mile NW of the Highway &1 and Highway 951 junction. A total of ninety-
four resistivity soundings were completed during the winter and spring of 1979 (Figure 1)}, The resis-
tivity data were interpreted using the INVRSE program of Zohdy (15974). The output from INVRSE is a
gecelectric solution for layer thicknesses and resistivities at a sounding site, The data were con-
toured and printed using the SYMAP program (Harvard Computer Graphics Laboratory).

RESULTS

Depth to the salt water/fresh water interface

In order to estimate the depth to the salt water/fresh water interface it was necessary to decide
which bulk resistivity values represented geclogic units saturated with salt water. The vertical
electrical sounding solutions show a steep decrease in resistivity values between resistivities of 20
to 10 chm-meters, suggesting a transition between relatively fresh and highly saline waters. Also
tomparisons of VES solutions with well log data indicate that the geologic units in the upper 200 ft
of the section have bulk resistivities greater than 20 ohm-m. The VES solutions for sites near the
toast where water quality data show the interface is very close to the surface a1l show bulk resis-
tivities of less than 10 ohm-m. The water quality in units with.bulk resistivities less than 10
chm-m is very poor, with TD5 values well in excess of 1000 mgfl. For this reason the 20 ohm-m surface
Was chosen as the salt water interface as it is probably the best indicator.of the thickness of fresh
or s1ightly brackish waters.

&z bulk resistivity also varies with porosity and Tithology, higher in the section brackish
Pore waters could result in higher bulk resistivities than would be observed lower in the geologic
section with the same pore water resistivity. This is due to the higher formation resistivities of
the limestones of the upper part of the section as compared with the lower formation resistivities
of the sandstones of the lewer section. The fresh water/brackish water interface it probably between
15-25 ohm-m below 90-100 ft., and perhaps as high as 30 ohm-m in the upper 1imestones above 80-50 ft.

Figure 2 is a contour map of the depth below land surface of the 20 ohm-m resistivity interface.
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Below this depth units have bulk resistivities less than 20 ohm-m and are assumed to be saturated with
salt water, The contour pattern reveals two different configurations of the interface. One configura-
tign 15 the classic, steep, salt water interface expected at the seaward border of an unconfined aguifer.
This portion of the interface i5 roughly parallel with Highway 41, with 1ts center about one mile south-
west of the highway. The interface is relatively steep, descending from the surface to & depth of over
100 ft. in 0.3 to 0.5 miles. The average slope i5 2-3.50, and the shape is well represented by a plans
or very shallow, concave upward parabola.

The steep, seaward portion of the interface shows several sionificant deviations from the general
NW-3E trend. One deviation is a 2one of high resistivity which extends seaward two miles SSE of Belle
Meade. This seaward extension of the interface 15 associated with a hammock which has a maximum eleva-
tion of 2-3 ft. above the surrounding marshes, which apparently 15 high enough to maintain a fresh
Water lens.

There are two significant landward re-entrants. One i3 about 3 miles SSE of Belle Meade., South
of 41 it trends NNE, and appears to bend NMW just north of 41. The cause of this re-entrant cannot be
determined from the resistivity data, but the NNE and WNNW trends suggest that it may be natural or
pumping induced salt water intrusicn along a set of complementary joints or fracture traces with
roughly NE and MW strikes. The secord s the NE trending pattern just north of the Henderson Creek
bridge on Highway 41. The inland end of this re-entrant has a2 closed 100 ft. depth contour. The
eastern end has a 5E trending Tobe which points toward the other Tandward re-entrant, again suggesting
that the interface configuration may be influenced by prominent joints or fracture traces in the more
competent units of the aguifer.

Landward from the steep portion of the interface the depth te the 20 chm-m interface is anm
frregular surface, with relief of over 100 ft. Areas with depths in excess of 150 ft. to resis-
tivities less tham 20 ohm-m have a general MWW-SE trend, roughly parallel to the coast. However
these areas are not laterally continuous, either paraliel to the coast or inland. There is a
well-defined zone of shallow depths to low resistivities in the NE portion of the study area.

This zone ic comnected by a low saddle or divide with the landward re-entrant near Henderson
Creek bridge. There are two linear zones with deep depths to salt water, roughly parallel ta
and just north of 41. Maximum depths to resistivities of 20 ohm-m or less are 250-300 ft.

Yariation of resistivity with depth

Several resistivity cross-sections were completed in order to study the variation of bulk
resistivity with depth below land swrface, Figure 3 is a cross-section roughly perpendicular to
the NW-3E interface trend. The Tocation of the section is shown on Figure 1.

This section perpendicular to the main salt water/fresh water interface shows the same pattern
of resistivity variation as mnoted in the discussion of the map of depths to 2 resistivity of 20 ochom-m
or less (Fig. 2). The steep, parabolic resistivity gradient on the southern or seaward margin of the
section represents the classic salt water interface configuration. However, in the central and northern
sections of the profile wvertical variations of resistivity have a more complex pattern and do not
have a well-defined relationship or continuity with the interface aleng the seaward margin or with
water table elevalions,

The reasons for this more complex pattern of resistivity in an inland direction canmot be deter-
mined from resistivity data alone. Three possible explanations are:

e Variations in porosity and permeability could lead to the existence of zones with very
fow ground water flow rates, preventing the flushing by fresher waters of relict sea
water which intruded the agquifer during the Sangamon or earlier transgressions.

2. Lower resistivity zones could be areas where discharge from the Floridan aguifer is

entering the shallew agquifer system. Floridan waters in this part of Collier County

commonly have a total dissolved solids content in excess of 1000 mg/1. Discharging

Floridan waters could be distinguished from relict sez water by measuring the 504" /C17

ratics, as Floridan waters would have a higher ratio than would be expected for waters

resulting from the dilution of sea water.

3. Variations in porosities can ceuse significant changes in resistivity. even if fluid
resistivities remain constant. At the seaward margin of the aguifer a sharp interface

ceused by an active flow system over shadows resistivity changes due to porosity or

1ithology variations. However in inland areas the less active, predominantly horizontal

flow systems would have a broader zone of diffusion between fresh and salt waters, and

resistivity variations due to porosity changes would have a greater effect.

Geoelectric Stratigraphy

The geoelectric stratigraphy 1 characterized by a general simplicity or consistency of pattern
over much of the study area. However, aithnugh & general gecelectric stratigraphy can be proposed,
local variations are large and significant. Figure 4 i& a general gecelectric section averaged from
a1l of the YES data. The indicated resistivities represent the average values for that depth for
all soundings. Resistivities of less than 10 ohm-meters were not used in the averages, as thete
resistivities are assumed to represent saturation with salt water and not a variation in lithology
or porosity.
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Geoelectric layer 1 is characterized by the highest resistivities in the section. Although
the average resistivity is 65 ohm-meters, resistivities of 100-140 ohm-meters are not uncommon.
This layer extends downward to a depth of 15'-18". The assumed lithology s quartz sand with
zsome areas or stringers of very well cemented limestone. Outcrops of this limestone near the
Highway 41/951 junction were so indurated that it was not possible to drive steel electrodes
into them. )

Gepelectric layer 2 is characterized by decreasing resisthwities, varying from 60-65 ohm-
meters at the top of the unit to 30-40 ohm-meters at the Jower boundary. At the top of this layer
g consistent and very distinctive "kick® is noted on the VES field curves. This 'kick' s inter-
préeted to be a very well-cemented, hard, low porosity 1imestone or serfes of limestone stringers
at a depth of 15'-40". The lower part of GEL 2 exhibits decreasing resistivities with increasing
depth. This is attributed to increasing amounts of quartz and loose shell in a moderately to
poorly cemented 1imestone. GEL 2 extends from 18'-60°.

Geoelectric layer 3 extends from &0° to 100", and has a resistivity of 36 ohm-meters. This
leyer is assumed to be poorly cemented, guartxz and shell hash rich limestone. The lower part of
this Tayer 1s marked by an abrupt transition to GEL 4, in contrast to the more gradual transition
between GEL 2 and GEL 3.

Gepelectric Tayer 4 extends from 90-100' to the salt water interface. The lTower boundary
of GEL 4 varies widely locally, but at most VES sites where it is distinguished it is less than
160°-180" below land surface. GEL 4 has a consistent resistivity of 25-28 chm-meters, and repre-
sents very loosely cemented, very porous guartz sandstones.,

Gepelectric layer 5 represents all resistivities less than 10 ohm-meters. As explafined
earlier, these low resistivities are assumed to represent varying 1ithologies saturated with salt
water. This interface can and does occur anywhera in the section. Once the interface is reached
on a sounding curve all other geoelectric layers are masked by the presence of a highly conductive
ﬁg? '!t"lﬁgid A1l Tive geoelectric layers are present only when GEL 5 is at depths greater than

High resistivity near-surface zones

Figure 5 15 a SYMAP produced contour map of the depth to the base of a layer with a2 resis-
tivity of greater than 75 obm-meters, [If this map is compared to the map of depth to a resistivity
of less than 20 chm-meters (Figure 2), it can be seen that those areas with high resistivities
{greater than 75 ohm-m) to depths of ‘lI::l' 15% ar more cnrrupnnﬂ to those areas with the greatest
depths to the assumed salt water interface.

A possible explemation for the correspondence of these two maps is that areas with high near-
surface resistivities represent areas with competent, well-cemented, and highly permeazble 'reef’
Timestones. These competent limestones would have 2 low primary porosity, but would develop good
secondary solution porosity and permeabilities along joints, The results would be more active
ground water flow systems in the competent, high resistivity limestones due to greater recharge
volumes. These more active flow systems would increase the fresh water discharge at the salt
water interface, leading to greater depths to salt water.

COMCLUSIONS

The salt water interface can be located to depths of 200-300 feet using low-power surface DC
resistivity surveys. The accuracy of the interface determination is best where the slope of the
interface is steep. Here the transition zone is narrow, the water quality and hence resistivity
gradients steep, and the inherent ambiguity between porosity and water quality variations is less
significant. Inland from this steep portion the interface 15 found deeper in the flow system where
flow rates are lower, the transition zone is much wider, and water quality variations are probably
more closely correlated with Tithology than with a theoretical, hydrodynamic salt-fresh water
balance in a h eneous aquifer, In inland areas water quality is determined by the hydraulic
characteristics of the section, especially the upper 50-?E feet, and not simply ﬁy water table
elevation., It 15 suggested that high near-surface resistivities are associated with more active
flow systems, and deeper depths to poor quality waters. Figure 7 illustrates these concepts.
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SOME ASPECTS OF THE HYDROGEOLOGY OF COASTAL COLLIER COUNTY, FLORIDA

Paul G, Jekob
south Florida Water Management District
P.O. Bax ¥
West Palm Beach, Florida 33402

INTRODUCTION

The area southeast of Naples, Florida, and northwest of Collier Seminole State Park, is
repidly being developed for both agricultural and residential uses. The increasing demand on the
groundwater resource of this ared prompted this study, the objective of which is to define the
hydrogeologic regimen of the shaliow aguifer with emphasis on the salt water intrusion hazard, as
a step toward an assessment of groundwater availability.

The methods used in the study are exploratory drilling (mud rotary) to the base of the aguifer,
geophysical legging of the boreholes, sampling for water quality determination, and ultimately,
monitoring for both water quality and water lavels.

With the completion of fourteen boreholes and associated geophysical logs, the study is approxi-
mately eighty percent complete at this writing. The following discussion fakes focus on thres szelected
wells as exemplary, hydrogeologically and in the techniques applied, of the entire ttudy area.

GEOLOGY OF THE SHALLOW AQUIFER

The study area (Figure 1) encompasses about forty square miles southeast of Naples, bordering
U.5. Route 41. About 3 miles to the north, the geology of the shallow strata described by Missimer
{Missimer and Associates, 1978) includes the Pamlico Sand Formation (*10 feet thick), underlain
successively by the Fort Thompson - Caloosahatchee Marl formations (undifferentiated, 20 feet thick),
and the Tamiami Formation (at least 200 feet thick). The upper part of the Tamiami Formation is
subdivided into the Ochopee Limestone member (*130 feet thick), the Buckingham Limestone member and
the Cape Coral Clay member (both members vary in thickness from a few feet to greater than 25 feet).
this scheme 15 generally consistent with findings in the study area.

Figure 2 shows the l1ithologic Tog of well No. 14, the temtative stratigraphic designations
and & demonstration of one mode of inter-borehele correlation - the neutron log, Lateral changes in
rock character as shown in section A-A' are moderate (increasimg intensity of the neutron log response
indicates a lesser presence of the hydrogen atom, therefore a Yesser porosity), Gamma log correlations
conform well to those of the neutron log, Generally strata lie parallel and dip slightly to the south-
:§=t1ginng this section; however, a slight rise in stratigraphic height iz noted from well No. 14 to
The Fort Thompson - Caloosahatchee Marl formations, which underlie the surficial, silica sands
of the Pamlico formation, consist primarily of a hard, sandy, shelly, and in places, marly, limestone,
Near the bottom of this zone, large cavities are frequently encountered. Above about BO feet, the
Uchopee Limestone consists of abundant shell fragments in a soft, calcareous, micritic matrix, with
numerous vugs and in places, cavities up to 2 feet in height. Below lies a soft limey sandstone,
containing shell fragments and some silt. Generally, this sandstone continues to the bottom of the
aguifer at an averaoge depth of 165 feet.

The confining zone at the bottom of the aquifer {the Buckingham Limestone and/or the Cape Coral
Clay) consists predominantly of carbonate mud and varies arealy with depth and in thickness. Although
severa]l wells on the periphery of the study area penetrate an artesian aquifer, contzining brackish
water at depths of about 240 feet, no artesian pressures were detected in project wells after having
penetrated thin strata (several feet) of carbonate mud to depths of 220 feet.

RYDROLOGIC CHARACTERISTICS OF THE SHALLOW AQUIFER

Evidence from the well cuttings, caliper logs, electric Yogs, neutron logs, temperature logs,
ind flowmeter Togs indicates that the upper 60 feet of strata are highly permeable. The caliper
leg correlation along section A-A' (Figure 3) shows extensive cavities between the bottom of the
tasing and about 40 feet. A short-term aguifer test at well No. 11 indicates a transmissivity
of about 300,000 galions per day per foot (40,000 feet per day). A flommeter log taken during
the test showed that about 95 percent of the water contribution came from the zone between the
bcitom of the casing at 12 feet and a depth of 60 feet. Although i1t i5 not gquantifiable at
Present due to the lack of a leveling survey, an overwhelming pertion of the groundwater flow
in the shallow aguifer is concluded to occur in this zone.

Unlike the area to the north, evidence in the study area of a confining layer in the Ft.
Tmﬁﬂﬂﬁn - Caloosahatchee Marl is inconclusive at present. Until such evidence develops, the
Bquifer 45 considered to be unconfined.
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THE SOURCE OF BRACKISH WATER AND THE POSITION OF THE FRESH/BRACKISH INTERFACE

The bottom half of the water table aguifer (to a depth of about 165 feet in this part of
collier County), generally contains highly mineralized water. MNear the coast, this brackish
water is appropriately attributed to contact with the Gulf. Inland, however, the brackish
water may be attributed to at lease two possible sources including: (1) seawater, resulting
from past innundations, and (2) upward leakance of brackish water from deeper aquifers.

In mapping the depth to the fresh/brackish stratification interface (defined here as the
depth in the aquifer where the chloride content equals 250 mg/1} within this aguifer, several
methods were used, Because the 1ithology of the aquifer is rather uniform and has a fairly conm-
sistent resistivity in the vertical direction, the major changes in borehole resistivity measure-
ments are attributed to changes in water gquality. Following the completion of drilling, resis-
tivity logs were used to tentatively determine the depth to the interface and the optimal depth
ts set monitoring-well intakes. On seven wells, the boreholes were flushed of drilling mud and
developed using compressed air, by placing a rigid air line down the well at predetermined depths,
working from top to bottom, in such a way as to derive a representative water sample at each depth
of development. Figure 4 shows the results of this sampling and analysis. and the degree of rela-
tionship betwesn the bulk resistivity response and the quality of water derived from air Tine
development. '

Based on a significant number of chemical analyses, a linear correlation between chloride
eontent and water conductivity was established, and can be written: Chloride (in 1) = 0.31
conductivity (in u mhos/cm) - 215. Water having a chloride content of 250 mg/1 would therefore
have a conductivity of 1500 u mhos/cm. Comparing groundwater conductivities with borehole
resitivities, a conductivity of 1500 u mhos/cm was found to correlate with a bulk resistivity
of about 30 che-meters on 8 fairly consistent basis, as shown in Figure 4.

These relationships were used to incorporate a large number of existing wells with the
project wells, in an overall scheme to determine the approximate depth to the fresh/brackish
water interface. Most of the existing wells sampled, however, were of insufficient depth to
actuelly detect the interface, but did provide a check on the project-well determinations.

Figure 5 shows an inter-borehole correlation along section A-A' of six-foot later2l logs
(resistivity). Apparent on this figure is the landward dip of the interface slope, as defined
by the 30 chm-meter resistivity value. This slope relates mainly to the coastal source of
talt water. It 95 principally such determinations from resistivity logs and to a lesser extent,
a'ir-}ine sa-ﬂ-lng and private well sampling, that were used to compile the depth to interface
map {Figure 1).

The brackish water that 1ies at the bottom of the shallow aguifer inland from the coast,
in the study area and most of western Collier County,is an important consideration in wellfield
siting and management. The erigin of this brackish water, yet to be definitely determined, is
believed to be upward leakance from the underlying brackish-water artesian aguifer for the
tollowing reasons: (1) the high flushing potential of the upper part of the aguifer and its
presumed ability to minimize deep infiltration during and after seawater innundation, and (2)
the unéven areal distribution of the brackish water and the areally variable competence of the
confining laver at the bottom of the shallow agquifer. Further testing is necessary to verify
this conclusion.

Upen completion of well drilling, logging and development-sampling, permanent casing and
screens were set at depths just above the fresh/brackish water interface, for the purpose of
long-term monitoring of water quality and water levels., Several of the boreholes were fitted
with two, side-by-side well casings and screens at different depths. The purpose of these was
to afford advance warning of the movement of the interface in the vertical direction, and to
better define the actual position of the interface,

SUMMARY

Threwgh the use of exploratory drilling, geophysical logging, short-term pumping tests,
borehole water sampling taken during well development, and sampling of private wells, a tenta-
tive model of the shallow aquifer south of Maples has been developed. The gealogic strats were
found to be of uniform thickness with a s1ight dip towards the southwest. The limestones within
at least 60 feet of the land swrface are highly permeable, while the underlying limey sandstone
i5 less permeable. The dominamt groundwater flux occurs within 60 feet of the land surface in
this unconfined aguifer. The depth to the fresh/brackish water interface appears to be unrelated
to the vertical permeability distribution within the shallow aquifer; 1t is related to the coastal
source of salt water in the uswal wedge-shaped manner; and, it is variable inland. The source
of inland brackish water at the aquifer bottom is apparently the underlying artesian aquifer,
which leaks upward through a semi-persistent confining zome.
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MEW INFORMATION ON PLIOCENE REEF LIMESTONES AND ASSOCIATED
FACIES IN COLLIER AND LEE COUNTIES, FLORIDA

John F. Meeder
Geology Department
Rosenstie]l School of Marine and Atmospheric Science
University of Miami, Miami, Florida 33149

ABSTRACT

Initial results obtained frem a reck coring program in prugress show that coral reef and
associated facies are to be included in the Tamiami Formation. Six distinct fossil assemblages
(biofacies) are recognized within the Tamiami Formation. Each biofacies is often fourd im

several distinct lithologies based wpon petrographic inspection. Variation in 1ithofacies ic

often the result of posti-depositional processes on original depositional texture, These pro-
cesses and their resuitant patterns must be understood before accurate detailed stratigraphic
studies can be completed.

Termination of the Middle Pliocene coral growth is associated with a regression that

resulted in 2 long period (approx. 2.5 my)} of non-deposition or erosion with the exception of

local lenses of freshwater caleitic muds. Weter depth during deposition of the entire Tamiami
Formation was between 5 to 35m based upon the presence of shallow water hermatypic corals, A
ﬁiﬂneef reef community of Porites colonized unconsolidated shell beds containing abundant solitary
ar?atyp1¢ corals. Reef characteristics suggest closer affinities to Tertiary rather than Holocene
reers,

INTRODUCTION

Research in the Pliocene reef trend in Southwest Florida began in 1975 and reached a plateay
last year (Meeder, 1970). Prior work was completed on surface outcrops and quarry and canal spoil,
This yvear Herold R. Wanless and myself began a rock coring program which will consist of Approxi-
mately 20 holes when completed; the majority of holes are located along two transects (Figure 1).
Initial results from the first four cores are reported herein.

The major purpose of this paper 15 to make workers aware that the Tamiami Formation includes
a8 reef and that the Tamiami 15 a very complex assemblage of lithclogies which vary laterally and
vertically. The nomenclatural problems associated with the Tamiami will not be addressed and
interested readers are referred to an excellent review and proposed revision (Hunter, 1978).

Additional information on the regressive-transgressive history, water depth, and reef
characteristics are also presented.

BIOFACIES

Several distinct biofacies hawve been recognized within the Collier and Lee counties strata
that have been characteristically placed in the Tamiami Formation {after Hunter, 1978). Evidence
from surfece and subsurface geology suggest that at least 3 additional biofacies {coral repf,
Eﬂ?a1 ;uhh12+ and oyster bioherm) should be included in the Tamiami Formation [Table 1, left
Column) .

LITHOFACT ES

Lithological descriptions in this paper are based on Dunham {1962). Dunham's method was
chosen for its easy application and its stress on depositional texture. Briefly, mudstone, wacke-
stone, and packstone contain mud whereas grainstone and boundstone generally do not. Boundstone
cccurs when original components were bound together during deposition. Grainstones lack mud and
are grain supported. Packstones are essentially muds with enough grains included to be grain
supported. Wackestone differs from mudstones by the presence of more than 10% grains., Modifiers
added in front of the main sediment class are standard and refer to special characteristics (1.e.,
argillaceous molluscan packstone is a grain supported 1ime mud containing a minor amount of mineral
clay and abundant mollusks).

Major lithofacies are summarized in Table 1, right column,

PATTERNS

Initial patterns from observations on 4 cores and from previous fieldwork are tentative pending
tompletion of the coring program. Surface rock {(cap rock) which may be as much as 2m thick is
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essentially useless in this study because it has undergone repetitive dissolution and recrystalli-
zation. With the above limitations in mind several general patterns have been recognized:

1) Oyster rich wacke-peckstones become more recrystallized and more dolomitized to the
north.

2) Oyster boundstones have only been fourd in the northern portion of the study area and
apparently grade southward inte higher diversity molluscan pack-grainstones. They appear to be
fnurd both in the fore and back reef aress.

3) Ceres 1 and 2 along the southern transect (approx. 1.7km apart) miss the reef core
hut penetrate marginal reef accumulations. Molluscan packstone and grainstone appear to be
opposite one another and aliernate,

4] Mudstone tend to have moldic porosity whereas graimstones wsually exhibit vuggy

rosity.
P 5) The molluscan pack-grainstones below the reef and essociated coral facies are
5u?ewhat rﬁcrysta11ized, partially cemented, voids may be spar fi1led, and incompletely
dolomitized.

DISCUSSTON

Biafacies petterns tend to wary less than 1ithofacies. This is probably & response 1o
variations in cediment regime and sediment influx during deposition. These variations may be local
or more regicnal. Original depositional textures are often modified by cementation processes, dis-
solution and recrystallization, porosity development, 2nd dolomitization which are probably respon-
ces to interstitial water chemistry, These processes a1though apperent are not properly understood
3t present. [etailed diagenetic patterns are 2lso yet to be determined.

fore 1 at B70-520cm exhibits what may be 2 laminated subaerial exposure surface at the base
of the reel sequence. This "laminated crust” correlates to the gyster-vermetid pack-wackes tone
in core 2 at 525-915cm. This faunzl change [molluscan pack-grainstone above and below it) may
support the interpretation of this crusi as 2 cubgerial exposure surface, However, this crust
may be a cavity filling; detziled petrographic analysis will determine the interpretation. If
it is a subaerial exposure surface contiderably more relief must have exicted at the time of reef
construction. Coral resf debris located between 1715 and 1335cm in core 2 may suggest that more
relief was present if it is contemporanecus with the onset of reef development at B70cwm in core 1.

Eoth cnreijl and 2 e?hihit a :n;al coemunity 5u§:e5515n1f§nm a soft bottom community dnminﬁted
by solitary coral species Antillia. PTacogyathus, and Scolymia) to 2 ramose Porites cor~wnity which
is followed by a higher diversity reefr community of ramose n“r'ﬂ massive forms such as Styisphora,
Acropora, and Montastrea. CLorals generally found in water depths of less than 30m are common
throughout cores 1 and 2 (Manicina, Stylophera, and Acroporal.

Cores 3 and 4 show no major changes in fauna from Lne surface to 1350 and 925cm respectively.
The greenish-gray clays (1250-1300em) at the base of core 4 are interpreted initially 2s lagoon
deposits which become more calcareous and more open merine upwards [925-1025cm).

The problematica]l subaerial Taminated crust in core 1 §s the only possible evidente at present
suagesting anything but & slow cteady transgression until reef growth termination by an initial rapid
regression at the end of the Middle Fliocene. 1f the subaerial horizon iz properly interpreted the
transgressicn mey have been reversed briefly at & stand approximately 420cm below present sea level,
The final regression was rapid but initially resulted in a drop of approximately 3m where it remained
long enough for siltation of portions of the reef lower than the reef crest which was expotad, This
assumes that the reef crest was near shoaling during development. Although this is guite likely the
reef crest during development may have been submerged beneath as much as 10m of water which reguires
adjustment of the above figure by as much as 10m.

The reef appears more closely related to Tertiary reefs than Holocene reefs on the following
basis: 1) presence of abundant diverse hermatypic solitary corals, 2} the reef developed on soft
bottom, 3} forereef slope minimal, and 4) the total accumulation of reef material iz thin. Frost
(1972) recognizes these criteria as characteristic of Tertiary reefs. The reef is obviously a bank
reef, not havina developed on the shelf break. The reef presently occupies the west coast of Florida,
however, if sea level were raised enough to inundate south Florida the reef trend is then found in
the approximate center of the Florida Platform.
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TAELE 1

Common biofacies in the Tamiami Formation and their common corresponding l1ithofacies,

BIOFACIES

3.

Oyster bicherm [almost Monospecific -
assemblage)

Oyster-Pecten (low diversity molluscan
fauna with rare solitary coral)

Stylephora rubble {coral fragments lacking
growth orientation in molluscan-rich assemblage
containing abundant Tithoclacsts)

Reef core (ramose and massive corals in growth
position with coralline algae)

Encope tamiamiensis {vermetid and turritella
rich)

Manicina areolata {high diversity shell beds,

splitary corals)

£3

LITHOFACIES

Calcitic wacke-packstone
Dolomitic wacke-packstione
Vuggy boundstone

Unconsolidated argillaceous wacke-
packstone

Consolidated argillaceous wacke-
packstone

Argillaceous molluscan mudstone

Moldic lithoclastic pack-grainstone
Lithoclastic pack-grainstone
Lithoclastic wacke-packstone

Moldic bounds tone

Recrystallized boundstone
Lithified pack-grainstone {corals
often aragonitic)

Moldic arenaceous molluscan pack-
grainstone

Arenacepus molluscan packstone

Moldic molluscan pack-grainstone
Mol luscan wacke-packstone
Molluscan pack-grainstone
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WATER RESOURCE EVALUATION OF WESTERN COLLIER COUNTY - 1980 UPDATE

sandy Nettles

Gee B Jenson
2019 Okeechobee Eoulevard
West Palm Beach, FL 33409

INTRODUCTION

The Regional Water Resources Study - Basin Program No. 2201 was conducted between November
1977 and April 1980. Field investigations through test wells, pumping test, water quality sampling
and analysis and flow monitoring were carried out. Atmospheric monitoring consisted of rainfall,
evaporation, wind speed and temperature measurements. In addition, 1iterature pertaining to the
area geology, ground and surface water occurrence and quality, soils, topography, climate and
waler resource management was reviewed.

Analysis of the data collected and results of investigations are summarized as Tollows:

HYDROGEOLOGY

The Naples study area is almost flat with a s1ight slope from the east boundary to the coast.
It is broken by a Tow coastal ridge. The Gordon River Basin 1ies immediately east and drains into
the Bay of Naples (Figure 1). These major topographic features lie parallel to the coastline,
Underlying a thin veneer of siliceous sand s a sequence of limestone and fine silty sand, The
upper 100 feet of the section s composed of 3 1imestone units {Units 2, 3 & 4) {F1Eure 2). The=e
units thicken in reef type structures in the exireme south and northeast parts of the study area
and along the northwest coast.

Units 2 and 3 comprise the surficial water table aquifers. They are very permeable and
transmit water at high rates under unconfined conditions. Representative transmissivities and
storage coefficients are 500,000 gpd/ft and 0.3. This aguifer unit contains potable water
throughout the study area. Lateral permeability is generally much higher than vertical and
both vary over the area in response to litholegic variations. Unit 4, the lower silty limestone
unit is less permeable having representative tramsmissivity and storage coefficient values of
170,000 gpd/ft and 1.4 x 10-<. This unit contains nonpotable water below 60 feet in the central
part of the study area. Below Unit 4 silty sand units (Units 5 and 5B) are dominant with thin
interbedded limestone layers (Units 5A and 6). Permeability is decreased considerably in these
units. The interbeded limestone unfts are under semi-confined conditions and contain nonpotable
water gver the study area except along the northwest coast and in the extreme northeastern part
of the st erea where they contain potable water. At about 180 feet of depth a silt and clay
bed (Unit 7) (Hawthorn Formation) of reported considerable thickness is encountered. This unit
is reported to have very low permeability and acts as a confining bed for underlying artesian
aguifers. Individual units are generally flat lying with & $1ight southwest regional dip of
the top of the besal Hawthorn Formation. The lower silty sand units thicken toward the coast
in response to the regional dip.

GROUNDWATER QUALITY

Potable groundwater extends from the water table to mbout 60 feet in depth over much aof
the study area. Where the coastal ridoge has been intersected by the Gordon River and nearby bodies
of saline surface waters, it is considerably less thick or nonexistent. 321t water intrusion
has occurred along most of the surface drainageways and along the coast to varying degrees as a
result of reduced surface and groundwater discharge and increasing groundwater withdrawals.
Greater thicknesses occur under and to the east of the highest section of the coastal ridge in
the northeast and south central sections of the Study area (Figure 3). Under the coastal ridge
and to the northeast the thickness exceeds 180 feet, Relatively low concentrations of chloride
in the upper zones increase with depth to nonpotable levels in the centra) part of the study
grea. Gradual increases in conductivity below the potable thickness indicate inadequate flushing
of connate waters under most of the study area. Sharp increases near the coast indicate sea
Water contamination.

Surface Water Flow and Ouality

The surface drafnage of the study area is primarily through the extensive drainage canal
network. Original drainage was through smell creeks extending only a short distance inland.
These creeks now transmit reduced outflows except where tied into the canal network. Surface
water outflow from the study area was 20 inches during the 1579 Water Year with a much greater
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flow passing through the area, discharging primarily from the Golden Gate Canal and Cocohatchee
River System. Recent study area runcff has increased from 2 to 3 times over predevelopment
runoff. Surface water guality is generally good being timilar to the quality of the groundwaler
seepage that provides much of the flow. HNutrient levels are high and dissolved oxygen levels
low in the downstream reaches. Water quality deteriorates somewhat during low flow periods.

WATER BUDGET

The study area receives a long term average 52 inches of rainfall per year. Wind, tempera-
ture and natural soil and vegetation conditions were, pricr to development, such that potential
evapotranspiration (ET) loss was almost as great as rainfall. However, develcpmental stresses
have considerably altered the water balamce. ODuring the 1373 Water Year, 27 inches of the 43
inches of rainfall were lost to ET and another 20 inches to net surface water outflow, This
shift in water outflow is due to the drainage-canal network's effect of lowering the average
water table and subsequent reduction of ET losses. The water no longer lost throwgh ET becomes
runoff through the canal metwork. Water budget for the 1970 Water Year is:

Input to the System inches Gutput'frnm the System Inches
1. Precipitation 49.3 1. Evapotranspiration 27.3
#. Surface Water Inflow W 2. Surface Water Dutflow 20.0*
3, Groundwater Inflow 2.1 3. Groundsater Qutflow 3.2
4. Imported Water 0.0 4. Exported Water 0.0

2
5

* The surface water inflow and outflow could not be calculated directly so the difference or runoff
from the area is used.

Groundwater recharge was sufficient to replace all losses and yield a one-inch increase in
groundwater storage during the 1979 Water Year. '

AREAS OF POTENTIAL POTABLE WATER SUPPLY DEVELOPMENT

A. Development of groundwater supplies in the 40 to 100 foot depth is feasible in three
areas (Figure 4): 1. In the Lely Estates area and extending southeast along U.5. 41. 2. Between
the coastal ridge and a point parallel to and approximately one mile east of Airport Road, 3. In
the vicinity of the Immokales Road and State Hoad 951 intersection and probably extending consider-
ably outside the study area to the northeast.

These areas have certain hydrologic characteristics, combinations of which qualify them as
potential groundwater supplies: 1. Relatively great thickness of potable water, 2. High water
levels in relation to land surface. 3. Protection from lateral salt water intrusion in the form
of distance inland. 4. Aguifer characteristics which will allow relatively large withdrawals
within water quality restraints. 5. Low potential for surface contamination,

Consistently high water levels along the cozstal ridge indicate a potential for greater with-
drawals from this area than now cccur. This possibility is best considered as an alternate to
development in the area immediately to the East.

E. A great potential for development of groundwater supplies from the 0 to 40 foot depth
exists over much of the study area. High trensmissivities in this shallow zone could allow develop-
ment in much of the eastern half of the study area where insufficient thickness of potable water
{50 feet} prohibits withdrawmals from the deeper zone. Supplies developed in this zone have &
potential for considerable induced recharge from the extensive cantl network in conjunction with
a program designed to raise water levels through changes in the control elevation. Induced recharge
can be used to improve or buffer existing groundwater guality. A logistic advantage may exist in
the use of shallow groundwater over deep zone supplies due to the latter’s Timited area of suitability.
I disadvantage of the development of shallow groundwater supplies is the inereased potential for
contamination. However, proper design and land management can reduce this potential just as they
reduce the potential for water quality degradation from connate and salt water intrusion threat
resulting from pumping the lower zone.
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THE STRATIGRAPHY OF THE TAMIAMI FORMATION, SOUTHWESTERN FLORIDA

Susan L. Klinzing
Hydrologist
Southwest Florida Water Management District
Brooksville, Florida 33512

ABSTRACT

Lithostratigraphic and biestratigraphic analysis of two Tamiami cores in Lee County support
a sugoested revision of the age given to the formation. Macrofossils collected in coring define
a P1§ncene reef complex, with alternating periods of depesition in a fresh water environment. The
Miocene age sediments of the lower Tamiami Formation were produced by repeated transgressions and
regressions with evidence of deltaic sedimentation. Micro- and nannofossil zonation supports pres-
vious workers, with particular emphasis placed on an extensive diatom bed,

INTRODUCTION

The Tamiami Formation in Charlotte, Lee, Hendry and Collier Counties 45 a complex sequence of
limestones, clays, and sands of near shore marine and deltaic grigin., It disconformably overlies
the Hawthorn Formation and is disconformably overlain by Pliocene/Pliestocene sands and marls.
Perker and others (1955) described the formatien 2s having a "maximum thickness of 375 feet in
southeastern Lee County.

Parker and others (1955) defined the Tamiami Formation to include “all the upper Miocena
materials in southern Florida...", however Peck (1876) suggests that only the lower Tamiami sedi-
ments are Miocene in age, and the upper members of the formation are Pliocene in age. A detailed
discussion of the history of name and age changes for the Taimiami Formation is given by Peck [1676).

During the summer of 1978 the Bureau of Geology, DNR, in cooperation with the United States
Geological Survey (WRD) drilled two cores in the Corkscrew Swamp area of southeastern Lee County.
The first core (W-14071) penetrated the Ochopee Limestone and part of the Buckingham Marl of the
Tamiami Formation. The second and desper core (W-14072) was drilled to 352', and came to within
20 or 30' of the base of the Tamiami. The purpose of this study wes to complete a more detai]ed
analysis of the stratigraphy and micropaleontology of the Tamiami Formation using the above men-
tioned cores. Of particular interest is a thick sequence of green carbonate clays and silts
which contains a 10" diatom bed.

Previous Work

Mansfield (193%) proposed the name Tamiami "limestone® for & bed in ditches along highway
41 in Collier and Monroe Counties, He described its 1ithology as Y...mainly dirty white to gray,
rather hard, perous, non-colitic Timestone with inclusions of clear quartz,”

Becavse of the great amount of guartz sand contzined in the Tamiami *1imestone,” Parker and
Cook (1944) chamged the name to Temiami Formation. Parker (1951,) later redefined the Tamiami
Formation to include the "Tamiami limestone,® the “Eu:kingha.m limestone" of Mansfield and the upper
portion of the Hawthorn Formation of Parker and Cooke [1924].

Parker and others (1955) correlated the formation with the Miocene Duplin Marl of northern
Florida, Georgia, end South Carolina using microfossils analyzed by Gardner, However, the age
remained controversial as Herbert, in the same study, found Mioceme, Pliocene, and Pleistocene
foraminifers mixed with these Miocene forms described by Gardner. The definition given by Parker
and others (1955) as 211 deposits, late Miocene in age in southern Florida, is still subject to
debate,

Hunter (1968) recognized five lithologic members of the Tamiami Formation, and proposed a
formal rock-siratigraphic name for each. She also recognized that the three time-equivalent members
of the upper Tamiami formed & concurrent range zone based on mollusks for which she proposed the name
Pectin tamiamiensis zone. The fauna of this zone su gested a correlation with the Jackson Bluwff

ormation of northern Florida, and other time-equivalent units along the Atlantic Coastal Plain,

Hunter {1570, in Qaks and Dubar, 1974) suggested that the fauna of the P, tamiamiensis zome
and the presence of pre-Duplin Marl mollusk species in the older Tamiami deposils of Charlotte:

County plece the formation age between medial Miocene and early Pliocene,

Further studies by Lamb {1970, in Oaks and Dubar, 1972) and Akers (1974) support Hunter's (1968)
age assignments for the Tamiami deposits. Peck and others (1978) conclude that "the recent planktonic
evidence has shown that the formation iz composed of an upper set of beds equivalent to Mansfield's
Teimiami Limestone and a Tower set composed primarily of late Miocene calearepus elastics ®
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Lithostratigraphy

Peck [1976) subdivided the Tamiami Formation into eight Vithologic units which consisted of
cands, clays, limestones and a mixture of the three, A11 units were not present in 211 the wells
studied, which suggested that they may pinch gut between wells, Of Peck's eight units, only five
were found in those cores used in this study. The following will include a discussion of all of
the eight units, with special emphasis placed on those units found in the study cores.

Unit 1

The uppermost unit in the formation is a sandy limestone and marl sequence, which includes
Mansfield's original Tamiami limestone, later called the Ochopee Limestone Member by Hunter {1968},

Core 14071 containe 22' of the Pinecrest Sand Member, 44' of the Ochopee Limestone Member and
' of the Buckingham Limestone Member {Hunter 1988}, Of particuler interest in this unit is the
Ochopee Limestone which consists of a sequence of marine and freshwater limestenes. The marine
limestane is generally composed of corals and bryozoans which suggest reafal, backreef and lagoonal
palecenvironments, The freshwater limestone is highly bioturbated and contains the freshwater
mallusk, Flanarbis.

This unit 15 of limited areal extent and thickness, and was found in only three southeastern
Lee County wells by Peck (1976) and one Hendry County well by Slater (1978). Missimer (1978}
sraced unit 1 into Collier County, where it reaches a thickness of 170',

Unit 2

Peck {1976) describes this unit Bs "a clay grading in color from gray at the top to green in
the lower portion.” The unit was traced throughout Lee County using gamma ray geophysical logs
and attained a maximum thickness.of 270" in southeastern Lee County. Missimer ?perﬁnna1 communi-
cation) suggests that the greem clay of unit 2 extends as far north as Sarasoia County, and Slater
{1978) has mapped it throughout Hendry County.

Core 14077 containe 40' of unit 2, from 57' = 97,5 below land surface. The upper 23' of the
unit is 2 very tandy carbonate clay containing phosphate and foraminifera, The Tower 17' is a dense
olive green carbonate mud which contains abundant diatoms. These two beds are separated by & bed
of lar$e phosphate pebbles 6 thick, which suggests an erosional surface.

he green clays in this unit and units 3/5 and 68, below, were analyzed using x-ray diffrac-
tion. Although the material 45 clay-like in appearance and texture, the anzlysis proved it to be
a carbonate mud containing predominantly dolomite, calcite, aragonite and quartz, and in the Tower
units, pyrite. The nature of the clay found in unit 2 suggests & lagoonal type deposit. Seismic
studies by Missimer and Gardner [19?5{ and more recent studies by Wolansky (personal communicaticon},
suggest that the clays produce 2 signature much like that of a deltaic forset deposit.

Urit 3/Unit §

This unit is a very complex sequence of sandy limestones separated by sandy carbomate clays.
It is believed to be a combination of Peck's units 3 & 5, similar to Slater's unit 4 im Hendry
County. In core 14072 it reaches 2 thickness of 194.5', The Tower 45' of this unit appears to be
correlative to Peck's units, and is separated from the upper bed by an erpsional surface.

Unit 4

This unit is a gray-green very sandy clay in core 14072, and has a thickness of 43', The
lower half of the unit consists of a clean to slightly marly, very well rounded guartz gravel
(greater than 1000 microns), that may be correlative to Slater's (1978) "Pebble Zone,“ found in
Hendry County.

Unit 6/Unit &

This §s the last unit encountered in core 14072, It consists of gray-green sandy 1imestone
and clay, with abundant phosphatic sand, and shell fra%ments. It is very similar in description
to Peck's unit B, Slater's (1978) Unit 6, and Missimer‘s (1975) Ft. Myers Clay. The lower part
of this unit, not found in core 14072, ic often referred to as the "Rubble Zone" and marks the
erosional surface of the Hawthorn Formation.

Peck (1976} also describes Units 6 and 7 which would occur between Units 4 and & of this
study. Unit 6 95 described as a gray clay unit with underlying marl and limestone beds, found
only in eastern Lee County. Unit 7 is present only in one well where it is a 30* thick green
phosphatic clay.
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Foraminifera

Peck [1976) defined three benthic foraminiferzl zones within the Temiami Formation, In order
from youngest to oldest these rones are: Lenticulina americana Peak Ione, Valvulineria floridana
Peak Zone, and Dyocibicides biserialis Zone. Re bases these zones on the earliest stratigraphic
poccurrence or abundance of key species, The zones are defined by Feck (1976) ms follows:

Lenticulina icana Peak Zone:
Definition: interva1 from the first abundant occurrences of Lenticuline americana %o
the first occurrence of Valvulineria floridana

Remarks: Thic zome begins below the Tamiami-Hawthorn comtact and extends through
Tamiami Unit & deposition.

Valvulineria floridana Peak Ione: _
eTIn ton:  Interval from earliest occurrence of Valvulineria floridana to the first

occurrence of Dvocibicides biserialis. )
Remarks: This peak zone Tncludes Unit 5 through Unft 3. In the northwest it also

pccurs in a portion of Unit 2,

Dyocibicides biserialis Peak lone:

nefinitian: Interval above the first occurrence of Dyocibicides biserialis (top not

dE'FiT'IEﬁ . N

Remarks: This zone includes Unit 1 and pari of Unit Z.

Slater (1978) agrees with Peck's zonation and notes the occurrence of the 3 zones in Hendry
County. Core 14072 exhibits abundant foraminifera in the green clay of Unit 2, which correlates
with Peck's Dvocibicides biserialis Peak Zone, However, the remginder of the core has too few
foraminifera to define the other zones.

Ciatoms

The most significant microfossil occurrence in core 14072 is & diatom bed found between 81' and
83" below land surface, The bed is contained in the green clay of Unit 2, and lacks guartz sand which
is found in the remainder of the Unit, Over forty different species of diatoms are found within this
zone, most being of late Miocene to early Pliccens in age, The assemblege is considerably less diverse
than present day assembleges, which suogests that it was deposited in a stressed environment, All
forms are marine, most being characteristic inhabitants of the littoral zone. This is contrary to
Peck's (1976) suggestion that the diatoms were fresh to brackish water forms. The diatom bed is
found in varying thickness throughout Lee and Hendry Counties.

)

Calcareous Nannofpssils

Relatively abundant calcareous nannofossils occur in core 14072. Peck (1976] found the following
in his Lee County cores, and suggests that they are important index fossils:

Discoaster guingeramus

0. brouweri

0. variabli

(-] &
FeticuloTensstra pseudoumbilica
ETT are found in Eﬁe upper Miocene Discoaster quingeramus Zone, Study of
calcareous nannofossils in core 14072 is not complete to date, so no conclusions have been drawn.

CORALS

core 14071, as discussed above, contains a thick sequence of corals amd bryozoans believed to be
the Ochopee Limestone Member (Hunter 1968). Ceral genera fownd include Stylophora, Montastrea, Sider-
astrea, and Porites. Meeder (1979) gives 2 mere detailed description of the coral species tound in
Ochopee Limestone, and suggests that the Buckingham Limestone, Ochopee Limestone and Pinecrest Sand
Members are Plipcene in 2ge.

CONCLUS TORS

The Tamiam{ Formation in Lee, Hendry and northern Collier Counties 15 a complex sequence of
sands, clays, and 1imestone which were deposited in 2 marine 1o brackish nearshore environment, with
periods in which river sedimentation had a strong influence. Peck and others {1579) suggest a series
of transgressions and regressions and gives the following as possible causes: 1} tectonic control
El worldwide cea leve] fluctuations, and 3} variation in clastic sediment supply to South Florida

ram the north,

39



A1though the age of the Tamiami formation hat long been a subject for debate, the diatom bed
feund in Unit 2 and the macrofossils found in Unit 1 of cores 14072 and 14071, respectively. support
Hunter's (1970 in Oaks & Dubar, 1974) findings that the unit 1 strata are Pliocene in age and that
the lower units are late Mioccene in age.

REFERENCES CITED

Ekers, W.H., 1972, Planktonic foraminifera and biostratigraphy of some Neogene formations northern
Flerida and Atlantic Coastal Plain: Tulane Stud. Geol, and Paleontology, v. 9, p. 139,
Hunter, M.E., 1968, Molluscan guide fossils in late Miocene Sediments of southern Florida: Trans-

actiont of the Gulf Coast Association of Geological Societfes, v. 18, p. 439-450.

Mancfield, W.C., 1939, Notes on the upper Tertiary and Fleistocene mellusks of peninsular Florida:
Florida Geol. Survey Bull. 18.

Meeder, J.F., 1979, The Pliocene fossil reef of Southwest Florida: Miami Geological Society Field
Trip, Guidebook, p. 1-20.

Missimer, T.M., and Gardner, R.A,, 1976, High resolution seismic reflection profiling for mapping
shallow water aguiifers in Lee County, Florida, U, 5. Geclogical Survey Water Resources
Investigation 76-45, 30 p.

Migssimer and Associates, Imc,, 1978, Hydrology and geology of a proposed new well field site in
north Callier County, Florida: Report to the Pelican Bay Improvement District, 144 p. .

Daks, R.Q., Jr., and Dubar, J.R., 1974, Post-Miocene stratigraphy of the central and southern

tlantic Coastal Plain: Logan Utah, Utah State Umiv, Press, 265 p.

Parker, G.G., 1951, Geclogic and hydrologic factors in the perennial yield of the Biscayne Aguifer:
Amer. Water Works Assoc,, Jour., v, 43, p. B17-B35,

, and Cooke, C.W., 1944, Late Cenczoic geology of Southern Florida, with 2 discussion of
the groundwater: Florida Gecl. Survey Bull. 27, 118 p.

, Ferguson, G.E., Love, 5.K., 1955, Water resources of southeastern Florida: U, 5, Geol.
Survey Water-Supply Paper 1255, 965 p.

Peck, D.M., 1976, Stratigraphy and palepecology of the Tamiami Formation in Lee County, Florida
(M5 Thesis): Florida State University, 249 p.

, Slater, D.H., Missimer, T.M., Wise, 5.¥W., and 0'Donell, T.H., 1978, Stratigraphy and
palececalogy of the Tamiami Formation in Lee, Hendry Counties, Florida: Transactions of the
Gulf Coast Association of Geological Societies, v. 29. ,

Slater, D.H., 1978, The stratigraphy and Paleocecology of the Tamiami Formation in Hendry County,
Florida (MS Thesis): Florida State University, 140 p.

40



POSSIBLE RESTRICTION AND REDEFINITION OF THE TAMIAMI FORMATION
OF SOUTH FLORIDA: POINTS FOR FURTHER DISCUSSION

Muriel E. Hunter Sherwood W. Wise, Jr,

Rt. &, 375K Department of Geology

Tallahassee, Florida 32301 Florida State University
Tallahaszee, Florida 32306

After several year's study of outcrop and subsurface sections of units traditionally assigned
to the Tamiami Formation, we have become convinced that the concept of this formation as currently
defined needs to be revised (Hunter, 1978; Hunter and Wise, 1980). A tynopsis of the evolution and
usage of the term "Taniami formation" §s given in Table I (from 2 recent compendium by Peck and others,
1979b). .As indicated in this table, the name Tamiami was first used for an informal limestone unit
by Mamsfield [1939). It was later given formation rank {Parker, 1942) and redefined {[Parker, 1951;
Parker and others, 1955} to include the original lTimeztone of Mansfield (19358) and 211 other upper
Miocene strata of South Florida. This definition is aleo informal since it does not conform to the
U.5. Stratigraphic Code, and it has proved impractical to use because it lacks boundaries and includes
unrelated strata of patently different 1ithologies. We propose that the Tamiami should be formally
redefined, and be restricted to contain the interfingering original cerbonate members {Ochopee and
Buckingham Limestones] and other equivalent facies such 25 the Pinecrest Sand., Excluded are subja-
cent units “of Late Miocene age", such as the LaBelle clay and Murdock Station Member and their
equivaients, all of which are for now returned to the Hawthorn Formation. An indicztion of how this
definition might apply to the subsurface is given in Figure 1 which depicts a particularly thick
section from southern Lee County described by Peck and others (19792, 1979h). Further data to
enhance & redefinition of the boundaries and extent of the Tamiami {s the object of current
research.
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ASSTGMED TO THE TAMIAMI FORMATION
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AUTHER(S]
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Parker, 1542
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Schroepder and Bishop
1§53, 1954

Schroeder and KElein,
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Olssan, 1964
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Humter, 1870 imn Oaks
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Higsgimer, 19782, b
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Lostmang and Alierns Rivers., Southwest Florida,

Mamed LosteansRiver L3.

1) Abandoned LostmarsRiver Ls. (considered a
facios of Miamd Delite);
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mépped wg Calocsahatchee Fa.
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Contidered LosimarmsRiver Ls.= Cooke and
Hosipm's |imesione an Tomiami Trail =
Tamiami Limestone of Manifield [1539): aleon
considered Tamilams Fr., Bockingham Mard, and
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HOW LONG WILL THE WATER LAST? - WATER CHRAONICLES FOR THE SOUTHWEST COAST

Staniey Winn
South Florida Water Management District
P.0. Box ¥
Hest Falm Beach, FL 33402

ABSTRACT

The increasing demands for water in the southwest coast of Florida will continue for the
next twenty years, while existing water sources will come under great pressure to serve these
increased needs. If funding and inflation continue to constrain water supply facility development
it will be necessary to use the existing facilities to the maximum degree possible. It is suggested
that by converting conventional treatment plants to be able to handle a variety of raw water sources,
that future demands can be effectively and adequately met without major impacts on the environment,
and with minimum additional cost to the users in a specific area.

INTRDDUCTION

The southwest coast of Florida is currently being studied by the Scuth Florida Water Management
District to develop & Water Use Plan as reguired by Chapter 373 of the Florida Statutes. & major
part of this Plan is to determine how growth will impact the area's water resources, how much water
will be required in the future, and where this water will come from. Technology assessments have
been made to project what might happen if certain types of advanced systems get adopted for wide
spread water supply use. This paper briefly summarizes some of these assessments and what their
impact might be from 1980 to the year 2000, as population growth and agricultural expansion occurs.

CURRENT WATER USE FOR THE SOUTHWEST COAST

There are about 300,000 people that now 1ive within the area, which includes 211 or parts of
Lee, Collier, Hendry, and Charlotte Counties. They currently use about 50 MGD of water based on
utility records. The other major user, agriculture, requires about 96 MGD for the consumptive use
of crops, including citrus, truck, ornamentals and suger cane. Self-supplied drinking water and
ather agricultural uses may zccount for an additfonal 10-15% of the total, but there is little
guantitative dete aveailable on these uses.

The sources of water now used to meet these demands are both from the surface (49%) and from
groundwater (51%), although trere 15 a wide range depending on the specific county. For example,
Collier County gets about 95% of itz total water from groundwater, while Hendry County gets about
29% of 115" tota] needs Trom aguifers. Groundwater withdrawals for public water supply Ffurnish
almost 211 the population in the area, using conventional treatment plants, znd some desalination
plants where available aguifers are all high in salt content.

A CHRONICLE OF WATER SUPPLY DEVELOPMENT FOR THE 1980-2000 PERIOD

The southwest coest will grow by about 118,000 people by the year 1950, if the population
achieves the average growth rate projected by the counties and the University of Florida {for a
total population of about 418,000). The population might reach owver 500,000 by the year 2000
based on these same projections. This in turn will mean an increased demand for water approach-
ing 83 MED, or about 331 MGD more than is currently being used.

During the 1980-2000 time period there will probably exist the same type of constraints
that now exist for the funding and implementation of mew water supply facilities. These ineluds
high, or double-digit inflation, concerns over the environmental irpacts of increased freshwater
withdrawals, high power costs and great uncertainty over federal and state funding participation.
On the positive side over the next twemty yearc, based on projects now underway, improved tech-
nologies will probably be available to offset some of these water 'supply problems, (e.g. low
pressure seawater/brackish desalination, deep well storage, ocean thermal power sources, new
water quality treatments etc.).

While regionalization {partial or full) in the southwest coast offers promise for meeting
some of the future demands, there may be funding problems that prevent the effective realization
of this method. A Tocal wtility would therefore have to Took to local solutions, which would
include maximizing the use of its existing facilities and systems. With the considerable amount
of brackish groundwater and low quality surface water available throughout most of the southwest
coast, attention would be drawn to the possible uses of these water sources to augment the fresh-
water supplies. Site specific analyses of current conventional water treatment plants would show
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that %y adding a d water system, capable of furnishing both fresh and brackish water %o
residential, © tfal, fndustrial and agricultural developments, a large part of the demand for
water of drinking quality could be reduced. Alsp, wastewater generated from sewage treatment
plants would be capable of being recycled and used in conjunction with the dual water system.
Tests now being conducted in Lee county on storage of excess surface water in deep aguifer layers
will be completed towards the end of the 1980°s and show at this time that almost 75% recovery
will be possibie. The research and development on low pressureg {therefore low energy) desalina-
tion processes will be completed and provide the potential for meeting even the most stimgent

EPA water quality requirements.

When a1l the technologies and capabilities were reviewed with the needs of the local utility
in mind, a multi-source water supply facility could be designed which uses existing facilities to
the maximum degree, minimizes land expansion requirements and environmental impacts. This faci-
lity would have at its base the existing conventional plant, to which would be added & series of
deep storage wells, dual supply system hardware, and brackish water desalination plant, all on
the land controlled by the utility. Additional buildings and equipment would be provided for
the pre-treatment, mixing and distribution of the various water sources used,

in addition to the benefits noted for this multi-source facility would be the ability to
add-on only those increments of additional supply that were needed over a specified time period,
reduced power costs, minfmum new institutional regquirements [including administrative, operating
and maintenance costs), minimized monitoring requirements for permit compliance, and compatibility
with any form of future partial or incremental regionalization accomplished by a specific county.
41so the centralization of these facilities would make them logical candidates for medium scale
solar or wind power energy sOurces. :

It must be remembered that this it only one possible scemario of a future development. Where
reqionalization 1s capable of being accomplished it should take the first priority as the means
of praviding for increased water supplies.
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THE HYDROGEOLOGY OF THE HAWTHORN AMD SUWANKEE
AQUIFER SYSTEMS, SANIBEL 1SLAKD, FLORIDA

Thomas M. Missimer
Mizeimer and Associates, Inc.
1031 Cape Coral Parkway
Cape Coral, Florida 33904

RBSTRACT

Water supply problems created by increased population growth in the late 1960's and 1570's
have caused a need to study the saline-water aguifers within the Hewthorn Formation amd Suwannee
Limestone beneath Sanibel Islamd. 5ix aquifers have been defined oand studied. Four zomes occur
within the Hawthorn Formation and two zones within the Suwannee Limestone. The confining beds
betwean the Hawthorn zones are formed by relatively thin beds of many different lithologies. The
Suwannee rones are separated by lime mud: and dense, hard lTimestones.

Hawthorn Agquifer System-Zone IV will be the source of water supply for the future on Sanibel
Island. It has & transmissivity of about 50,000 gpd/ft and is located between two aguifers which
coptain similar quality water. Water guality decline in the aguifer, as caused by pumpage, will
be slow 2nd will stabilize at am acceptable level.

IKTRODUCTION

Water supply has been 2 significant problem on Sanibel Island since the days of early settle-
ment. Being @ barrier island, Sanibel is totally surrounded by seawater. When only & few families
settled on the island, water was obtained either by transport from the mainland, by retaining rain-
water in large cisterns, or by utilizing very shallow sand-point wells,

In the early part of the 19th century, agriculture became a significant industry on the island.
During agricultural production years, the first deep artesian wells were drilled on Sanibel. Sub-
sequent hurricane activity im 1926 and 1935 ezsentially eliminated farming on the igland, but many
new residences and some resort areas were built durimng the JTate 1830's and inm the 1940's. Again,
most of the populatiom =til11 relied on cisterns and shallow wells for irrigation. It was found
that durimg very dry years, the rather limited quamtity of water available in the upper part of
the water-table aquifer would increase in salinity until it became unusable. From the Tate 1940's
through 1960, more thanm 40 deep artesian wells were drilled into the Hawthorn Formation to replace
the shallow water Source.

In 1565, the Island Water Association was formed to become the supplier of potable water for
aanibel Jeland and Captiva lsland. During the 15 wyears of its existence, the Island Water Rssocia-
tion has conducted a large amount of exploratory drilling and aguifer testing. This paper contains
a brief summary of the existing knowledge on the geology and hydrology of the Hawthorn and Suwannes
Aguifer Systems beneath Sanibel Island.

GEQLOGY

During the past £ years, five exploratory wells have been drilled into the lower part of the
Hawthorn Formation and through part of the Suwannee Limestone section. Also, suites of geophysical
lTogs have been made on these wells and gamma ray Togs have been made onm roughly 25 other wells
located in the general vicinity. A stratigraphic column of well L-M-987 is herein presented to
i1lustrate the major characteristics of the formations.

Hawtharn Foarmation

The top of the Miocene Hawthorn Formation occurs at a veriable depth below Sanibel Island
because it f5 an erosional unconformity and has been structurelly deformed to a minor degree
¢ [Missimer and Gardner, 1976). Placement of the formational contact was based on the occurrence

of bedded quartz sand and pebble phosphorite within the Fort Myers Clay Member of the Tamiami
Formation ?H1551ner, 1578).

Hawthorn Formation sediments range between 400 and 250 feet in thickness beneath 3anibel
IsTand. There are some very interesting general observations which can be made concerning the
Hawthorn section. First, there 15 a distinctive increase in the percentage of clastic sediment
going from the base to the top of the formation. Quartz sand is virtually absent and the nodular
phosphorite is fine sand-size in the Towermost limestone unit. Second, there are three distinct
limestone units which are separated by relatively thin beds of many different lithologies. Third,
the number of thinly-bedded 1ithologies increases with depth at each separation. For exemple, there
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are three different 1ithic units separating the uppermost major limestone unit from the top of the
formation, five different lithic units separating the upper from the middle Timestone, and twelve
different 1ithic units separating the middle from the Jower limestone.

There are a few general conclusions which can be drawn concerning the Hawthorn Formation
beneath Sanibel. First, the three major limestone units probably represent extensive periods with
a relatively constant depositiona) enviromment and constant rate of subsidence. The large nurber
of thin 1ithic units represent a period of time when there was a larpe number of short duration
changes in the depositional enviromment caused by either eustatic events or structural instability.
This assumes of course a relatively constant sedimentation rate, which could also affect the rumber
of changes. Second, the increase in clastic sediment percentage could have been caused by 2 sherl-
ing of the relative sea level or the source of clastic sediment moving closer, such as a prograding
delta. Based on some high resolution seismic profiles made in the area by Missimer and Gardner
{1976), it 15 probable that some periods of rapid uplift cccurred during Hawthorn time. [f the
structural changes occurred as episodic events during this time, then relatively rapid sea level
changes would occur, which would produce shoaling and a number of depositional environment changes.

Suwannee Limestone

The Oligocene Suwannee Limestone 1ies beneath the Hawthorn Formation, There is no evidence
that the Tampa Formation exists in this section. This is confirmed by recent work performed by
King and Wright (1879), which shows termination of this unit in the middle of Sarasota County to
the north.

The formation contact between the Hawthorn and Suwannee appears to be gradational. Only the
upper 160 Teet of the formation have been explored in any test hole on Sanibel Island. The part of
the Suwannee studied is very similar to the type section and typical of the formation in other areas
of Florida. It ranges in 1itholoay from & tan, micritic limestone to a calcarenite with some inter-
bedded 1ime muds to a light tan mudstione.

HYDROLODBY

Definition of water-bearing zones within the Hawthorn Formation and Suwannee Limestone is based
on both geclogic data and a number of aguifer tests. The uppermost aguifer in the system is termed
Hawthorn Agquifer System-Zone I, It occurs at the contact between the Tamiami and Hawthorn Formaticn.
1t has not been studied to any great detail, but it does yield nearly potable water at the northwest
part of Sanibel. The other aquifers within the Hawthorn System occur within each of the major lime-
stone units. Confinement it provided by clays and dense carbonates between each of the units. Haw-
thorn-Zone 11 1ies in the uppermost of the major limestones. It zlso bhas not been studied because
it contains high salinity water in most areas bensath the island. '

The principal aguifer utilized in the past for water supply on Sanibel T1ies within the middle
limestone and is termed Hawthorn-Ione [11. Zone I1] has & transmissivity that varigs from 6000 to
perhaps 20,000 gpd/ft and a Jeakance ranging ¥rom about 5 x 10-% to § x 10-2 gpd/ft3. Water quality
within the aquifer ranges from a dissolved chloride concentration of 400 mg/l to near seawater.
Water quality declines heve been observed in production wells at many Jocalities. Degradation of
water quality has been caused by both over-development of the aﬁuifev and poor well construction.

Hawthorn Aguifer System-Zone IV is 2 recently studied aguifer lying in the Jowest limestone
unit., It is q”i§E productive with & transmissivity of over 50,000 gpd/ft and a Teakance on the
prder of 1 x 103 gpd/ft~>. It contains similar quality water to that observed in Hawthorn-Zone
II1. The Island Water Association is presently developing the aguifer as a source of raw water for
the new reverie gsmosit treatment plant,

The Suwannee Aquifer System contains two separate water-bearing zomes. Suwannee-Zone 1 ranges
fram some confining beds at the base of the Hawthorn Formation to some confining beds, which occur
between B34 and B&0 feet below surface. Suwennee Zone-1 is about BO feet thick and contains water
with s1ightly higher dizsolved solids than found in Hawthorn-Zone IV. There is no density strati-
fication of the water in the aguifer. Suwannee-Ione II occurs below 540 feet. There s a large
increase in the disscived chloride concentration below the separation (2000 mo/l) end & potentio-
metric head increase. Zone II is density stratified with very high salinity water at the 200-foot
Tevel in the aguifer.
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BARRIER ISLAND SEDIMENTATION: SANIBEL ISLAND, FLORIDA

Thomas M, Missimer
Mizsimer amd Associates, Inc.
1031 Cape Coral Parkway
Cape Coral, Florida 33904

ABSTRACT

Sanibel Island formed as a eastward prograding spit between 4200 and 6000 years ago. [t comn-
sists of 7 to 12 sets of subparallael beath ridges., Within each set the ridges are subparallel, But
older sets are truncated by wyounger sets,

The beach ridges represent periods of rapid deposition and seaward progradation, while the
truncations represent periods of erosion and non-depesition at the shoreface.

Depasition and erosion have been episodic during the geologic history of the island. [t is
probable that sea level was rising during periods of erosicn and falling during periods of deposi-
tion (Bruun Theory)}. [f this is the case, then sea level was near the present level at about 6000
years ago and has varfed up and down 1 to 2m since the island originated,

INTRODUCTION

Barrier islands, as common landforms, have been studied by numerous genlogists over the past
150 years. Early investigators were interestad principally in the genesis of barrier islands, but
many more recent studies emphasize the persistence of barrier islands through geslogic time and
preservation in the stratigraphic record.

Thegry on barrier is?and formation and subseguent modification by processes has undergone
considerable change. The works of deBesaumont (1845}, Gilbert (1885), Merrill (1890}, Davis (1912},
Gulliver (1899), Shepard (1960), Shepard and Suess (1958), Hoyt (1967}, and Price (1363) have
suggested various significant ideas concerning the genesis of barrier islands. Many of these
scientists believed that barrier islands form by a single unique combination of physical events,
However,~it is now the consensus of most coastal geomorphologists that barrier islands form in a
number of different ways as described in a sumary by Schwartz (1971}, There are examples of
barrier islands that probably formed as emergent structures. [Johnsan model), 235 submergent
structures (Shepard model), as segmented spits emanating from a headland, and as emergent struc-
tures coccuring adjacent to existing tidal inlets.

Despite the abunmdance of theories regarding barrier island formation, there are a number
of factors common to the genesis amd evolution of all barrier islands. The growth and evolution
of barrier islands are principally controlled by: 1) the abundance of sediment entering the system,
2} changes in relative mean sea lewel caused by efither eustatic, structural, or fsostatic events,
and 3] the relative stability of the coastal area (e.g. barrier islands are common along passive
rather than active margins.}

Barrier [slands of the Southwest Florida Coast

Barrier islands occur adjacent to the coastline along much of the Gulf of Mexico from northern
Mexico to south Florida. The barrier islands of concern in this paper range from the Tampa Bay
area sguth to Marco Island. Sanibel Island {s the southerrmost in 2 segment of the barrier island
chain which runs about 50 miles from north of Lemon Bay to San Carlos Bay. Senibel is a rather
unigue 1sland compared to the others located in the chain because it does not have a thin lenticular
shape. It is approximately 13 miles long with a curved axial trend which runs from north around to
the east. The island varies from & to 2 miles in width, which gives it the most Tand area of any
southwest Florida barrier island. Sanfbel Island was originally chosen for study because it 15 at
the end of 2 coastal "subcell" and contazins more uninterrupted geologic record than the other islands
in the chain.

Holocene Stratigraphy of Sanibel Islapd

More than 40 cores have been made through the Holocene section beneath Sanibel Island. Three
stratigraphic units were found in all of the cores. The uppermost unit is a white to light tan
quartz sand and shell hash. It ramges from 10 to 15 feet thick and is not homogeneous, but consists
of alternating sand and shell beds. This unit represents shoreface deposition to backbeach deposi-
tion. A second sand unit occurs beneath the uppermost wunit., It is a gray, fine to very fine'quartz
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sand with a small percentage of lime mud. This 8 to 10-Foot thick unit represents shallow sub-
littoral deposition from below the wave-break zone to about 1 mile offshore. The lowest strati-
graphic unit is a 0 to 15-foot thick mixture of sand, shell, and lime mud with scme clay. It is
quite inhomogeneous and represents several different depositional enviromments. The upper part of
the unit represents an offshore deposit, perhaps one mile or more away from the shoreline and the
remaining part of the unit represents various shallow marine envircnments associated with a rising
sea laval.

Beach Ridge Deposition and the Growth of Sanibel [sland

The most distinguishing geomorphic feature of Sanibel Island is its very prominent sets of
heach ridges. These beach ridges have been described in detail by El1-Ashry (1966}, Shepard and
Wanless (1971}, and Missimer (1973b), An aerial photograph of Sanibel Island is given in Figure
1 to illustrate these features.

Sanibel [sland contains between 7 and 12 sets of subparallel beach ridges. While the linear
ridges are subparallel within each set, the older sets are truncated by younger sets leaving the
intersections between them at distinguishable angles, The relative height of individual beach
ridges varies within sach set, and sometimes the variations are systematic. The ridges are
separated by swales, which are 2 to 3 feet lower than the peak of the adjacent ridges,

Each beach ridge represents a former position of the shoreline and represents a time line
in the geologic histery of the island. The beach ridge: were dapesited during pericds of rapid
seaward progradation of the shoreline caused by a heavy influx of Tittoral transparted sediment
from the north. A study of beach ridges, accomplished by use of radiocarbon dates, has concluded
that the average growth rate ranges between B and 15 years per ridge (Missimer, 1973h).

The truncaticns between beach ridge sets represent periods of erosfon and non-deposition.
The truncation limet also reépresent a position of the shorelipe or a time line which immediately
oreceded the deposition of the next younger beach ridge. Therefore, the influx of littoral-
transported sediment has not been constant, but has been episodic. o

A model for the depositional history of Sanibel [sland has been constructed by wtilizing
a combination of the beach ridge set geometrics and radiocarbom data (Figure Z}. The island
formed as an eastward prograding lobe or spit. After 3000 B.P. the only major changes to the
island were the addition of sediment to the south and the gemeral modification of the fsland
geometry to its present configuration,

Holocene Sea Level and the Growth of Sanibel Island

Much eantraversy has accurred in recent years concerning the position of sea level during
the Holocene. There are two general theories: 1) sea level has risen at a relatively constant
vate from a position dm below present at 7000 B.F. to the present level with no Tevel aver going
above present (Scholl, and others, 1969}, and 2} sea level rose to about the present level at
arcund 6500 B.P. and has varied around this level since that time {Shepard, 1960).

Sanibel Island formed sometime prior to 4200 B8.P, or perhaps near 6000 B.P. accarding to
the radiccarben data, This appears to support the second theory that sea level was near present
6000 years ago (Shepard, 1960). Further, the beach ridges in the Wulfert set, located in the
northwest part of the island, vary systematically to an altitude near 11 feet M.5.L. These
ridges are quite pronounced and bedded shell occurs at the top of the seguence, which is avidence
that the set i5 not a decorated dune complex, but beach ridges deposited at a sea level higher
than present, 5Sea level probably rose from 1 to 2m above present between 2400 and 1800 B.P. as
evidenced by the Wulfert ridge set (Figure 3).

It is quite possible that each major truncation of 2 ridge set on Sanibel Island represents
a minor upward sea level trend and each depositional period of ridge progradation represents a
lowering sea level trend. This follows the sea level rise-erpsional theory of Bruun (1962) as
modified by Schwartz (1965, 1967). Therefore, with additional study the beach ridge sets of
Sanibel Island may be utilized to construct a new Holocene sea level curve (Missimer, 1576).
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THE SHALLOW WATER FAUNA OF SANIBEL AND TS RELATIONSHIP
TO UPPER CENQZIOIC FO5SILS IN SOUTH FLORIDA

Darald B, Moore
Rosenstiel School of Marine
and Atmospheric science
University of Miami
Miami, Florida 33149

Sanibel is famous for the large number of mollusc shells that wash up on the beach. This is
an area of high productivity, and the water is usually murky with suspended particulats matter. The
substrate s fine quartz sand, with some carbonate material from dead molluses, foraminifera, echino-
derms and other animals with calcareous hard parts. Most plants are the microscopic single-celled
type drifting in the water column. This is the sort of enviranment in which bivalve malluscs thrive;
2 look at the beach at Sanfbel will show the truth of this statement {Perry and Schwengel, 1955},

The mollusc shells washed up on the beach are shallow water species that prefer a stenchaline
environment. A few of these species also live behind the islands in Pine Island Scund. Chione
cancellata (Linnaeus) 15 a very common medium-sized elam that 1ikes to live in turtle grass and
similar areas in shallow bays and lagoons, but usually mot in the open sea. (. cancellata is alse
a common fossil from the Pliocene or Upper Miocens to the present. [t is especially common in the
upper sard bed alomg the Caloosahatchee River at Ft. Denaud. [ts present day distribution 15 from
Cape Hatteras in the north to southern Brasil, 1t has been reported from the upper Miocene of
narthern South Mmerica. Although this species prefers shallow bays, it has, on rare occasions, been
found 1iving a little offshore.

Thera are a number of other clams, mostly shallow burrowers, that Tive in large numbers in the
shallow sea a little offshore. They include: Dinocardium robustum (Lightfoot), Anadara notabilis
{Roding), Dosinia eleqant [Conrad), Macrocallista nimbosa |Lightfoot), Spisula solidissima [0iTTwyn},
Noetia ponderosa (Say!, and Rasta plicatella (Lamarck), 411 rather large and handsome species. The
gastropods, to 2 large extent, are carnivores and feed mostly on bivalve molluscs. The larger species
include Polinices duplicatus (Say), Melongena corona (Gmelin), Busycon perversum (Linnaeus), and Oliva
sayana {Ravenel). Herbivorus gastropods inciude three species of Strombus: 5. gigas (Linnaeus), 5.
%J_CLE (Linnaeus), and S. alatus (Gmelin). The strombs are successful because they can eat macro
algae or can sweep across open sand bottom using the proboscis like a vacuum cleaner, and picking up
the microalgae in the top-millimeter or so of sand. The much smaller herbivorus species of Crepidula
actually compete with bivalves for food because they live a sedentary 1ife and, Tike bivalves, trap
drifting micro algae with their gills.

Many of the shallow coastal species can live in the more saline parts of shallow bays and lagoons.
However, when salinity drops below the 25-309/00 range, most marine species drop out. Then the only
oyster species to be found is Crassostrea virginica (Gmelin) which forms oyster bars on muddy sand
bottems. Although many people think of all oysters as 1iving in brackish water, L. virginica is the
anly oneg af ocur species that does. Ostrea egnestris (Say) 1s a small, uswally soTitary oyster, living
in shallow water along the shore or in the more saline parts of lagoons, Lopha frons (Linnaeus)
usually attaches to cctocorals a Tittle distance offshore under stenchaline conditions, DOstrea
permol1is (Sowerby) lives in the Crumb-of-Bread sponge well offshore in 20 to 150m. Pycnodonte lives
on the outer shelf. 5o in this area there are four oyster species 1iving fn stenohaline conditicns
while only one species 1iwves im brackish water.

Molluscs in very low salinity waters would include the bivalwves Haﬂgj_; cuneata (Sawerby],
Polymesada caroliniania (Bosc), and the mytilid, Brachidontes recurvus (Rafinesquej. qtilugsis
Teucophaeta |Gonrad) 15 a freshwater mussel-like bivaTve which, however, can live in slightly
brackish water. Gastropods are rare in slightly brackish water, and usually consist of Neritina
reclivata (Say) and microscopic hydrobiids. In strictly freshwater are found unfonid clams and
snalls such as Heliosoma.

The Fort Thompeon Formation fauna is wirtually the same as the Recent fauma. You can find many
species which are not found in the Sanibel area, but there are good reasons for this. The total Fort
Thompson fauna includes species that lived in reef habitats, in calcareous as well as quartz sand, and
on various types of hard bottem. The present Sanibel fauna lives in quartz sand or muddy sand in more
protected waters [Gunter and Hall, 1965).

“Unit A of Olsson (1964) or Glades Formation of McGinty (1970) (Bermont of DuBar, 1974) was des-
cribad by Olssan as lying between the Fort Thompson and Caloosahatchee and separated from both By a
sharp unconformity. A typical Glades fauna at Belle Glade was listed by Hoerle (1970}, and it con-
sisted of 853 Recent species. At least one of the extinct species, Panopea floridana (Heilprin} =
Panopea bitruncata (Conrad}, has been reported 1iving from various localities (Dall, 1898; Robertson,

rom Morth Carolina to Texas. The 1list by Hoerle contains 434 species, but may reflect chang-
ing conditions over a considerable Tength of time. Depth of water is one of these conditions. Murex
belleqladeensis [E.H. Vokes) has been found 1iving in the Recent fauna from Savannah, Georgia, to
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Galveston, Texas, in depths of about 45 to 73 m. The fossils probably lived under similar conditions
and imply & depth of 50 m or so where now the land is a good 10 m above sea level.

Tre Calogsahatchee Formation has been a problem for more tham tWenty years, or since DuBar {1958)
moved it up from the Pliccene to the Sangamon, Upper Pleistocene. This was based gn finding horse
teeth and other vertsbrate remains along the Caloosahatchee River. DuBar (1974) has modified his
viewpoint somewhat, but still places the Caloosahatchee in early Upper Fleistocene. He was alsg
guilty of circular reasening when he stated that the Waccamaw Formation was Pleistocene in age
hecause of the close similarity of this fauma to that of the Pleistocens Caloosahatchee.

Whatever its age, the Caloosahatchee fauna is only about 20% Recent, Such a large number of
extinct species would be astounding in an Upper Pleistocene fauna, and very unusual for the Lower
Pleistocens. One thing that compounds the confusion is the reworking that some beds have undergone,
mixing younger species with the old. Characteristic Caloosachatchee fossils incliude Siphocypraea

roblematica (Heilprin), Vasus harridum (Heilprin}, the left handed cone, Lonus tryoni EHE11pr1n],
Enqmmug leidyi {Heilprin}, Turritella perattenuata (Heilprink Arca wagneriana (Da . Anadara
crassicosta |Heilprin), Phacoides discifarmis (Heilprin) and Miltha caiposaensis (Dall}. Sighaczgraea
it extinct in United States waters and the northern Caribbean. Only two or three species still hang
on aleng the coast of northern South America. The left handed {sinistral) cones are entirely extinct.

The Caloosachatchee, in general, is 2 shallow marine stenchaline fauma. There 15 still much
to be done in this area, especially in the field of palesecology.

Olsson [1964) separated the Pinecrest from the Calocsahatchee, and foond a contact between tha
swa formations. The Pinecrest 1s a fine quartz sand deposit with an abundant fossil fauna. Olsson
estimated 1200 molluse species with a northern element composed of such species as Mulinia congesta
{tonrad) and Astarte symmetrica (Conrad). The difference in substrate would make a considerable
difference in the fauna, but no one knows how much. The so-called "northern element” may be there
not because of temperatures but because they moved south with the clastic sediments they preferred,
This fauna, tropical and northerm, appears to have lived in very shallow water. In places, flattened
and rounded quartz pebbles characteristic of wave action and stromg currents have been found, Species
such a5 Mercenaria tridacnoides (Lamarck) were certainly dwellers in very shallow water habitats.

One can speculate that the Pinecrest was a transgressive stage just before the somewhat deeper water
Calopsahatchee stage. DuBar places the Micomica with the Caloosahatchee, but the few Wicomico fossils
that | have ceen were all Recent species, and certainly not compatible with the Caloosahatchee.

The Tamiami is the last of the formations that can be seen in shallow canals or borrow pits in
southern-most Florida. Typically, this formation is a shelly limestone in which all aragonite shells
have been leached out, leaving oysters and pectens more or less in their original state, The large
-gyster 15 Pycnodonte haitensis (Sowerby), & marine form that presumably lived a Tittle Jffshore.

Scme of the pectens are quite large and imclude Lyropecten eallierensis [(Mansfield) and Aeguipecten
tamiamensis (Mansfield). Most of the molluscs, however, are found only as intermal or external malds.
One species that can be identified fairly easily from an external mold is Chione wlocyma (0a2l1) but
this fauna 15 as yet poorly kmown due to the difficulty in {identifying molds.

The molluscs living around Sanibel are the descendants of prior faunas inhabiting the shallow
areas which covered south Florida., These faunas have been tropical in composition although scme
mare morthern elements have appeared from time to time. The depth of water may have been over 50 m
at times, but probably very little more than that, The substrate was usually calcium carbonate, but
quartr sands were present during the Pinecrest and Upper Pleistocene beds. However, the sedimentation
rate was so low all through this time that stratigraphy is a problem, Relief in southernmost Florida
is usually measured in centimeters. [t i5 the paleontology that enables the geclogist to decide where
he is in the stratigraphic column. This method is mot terribly precise, and there are many opinions
of the ages of various formaticns. However, in undisturbed beds the fossils are excellent guides to
the approximate stratigraphic position of the beds. They will be better guides as time goes by and
more people work on the problems,
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HYDROLDGIC MONITORIMG FOR 4,200-ACRE
LAND TREATMENT SITE

Louis H., Hotz, William P, Bocskocsky
Senior Hydrologist and Hydrogeologist
Law Engineering Testing Company
4919 West Laurel Street
Tampa, Florida 33607

INTRODUCTION

Land treatment of municipal wastewater involves the use of crops end the soil matrix to remove
wastewater constituents. Compared to other forms of wastewater treatment, land treatment systems
are very site specific. Farameters within a study area that usually need to be characterized include:
topography, susceptibility to flooding; physical, hydrauiic, and chemical characteristics of the soil;
climzte; geclogy; groumdwater and surface-water hydrology; existing land use; vegetation and wildlife;
and socisl anpd economic aspects (U.5. EPA and others, 1977). &n investigation being conducted by
Law Engineering for a 4,200-acre land treatment site near Fort Myers, Florida, provides am example
of the consideration of many of these factors.

Purpase af Study

The proposed land treatment site is in Lee County about 12 miles southeast of Fort Myers (Figure
1]. The site overlies important freshwater aguifers, and it is several miles north of Corkscrew Swamp,
a wildlife sanctuary operated by the Rational Audubon Society in Collier County. The investigation
being conducted is designed to obtain hydrogeologic, hydraulic, and environmental data to assess the
impact of the proposed site and to design a monitoring network to determine baseline parameters, At
present (sprimg 1980), the investigation is sti11 in progress, and a final report has not been pre-
pared. However, mgst parts of the investigation are complete, or nearly so, making it possible to
discuss the regional setting and some highlights of the preliminary site-specific results,

Repional Setting

Climate

Lee County is located along the southwest coast of Florida and has a subtropical climate
(Boggess, 1974). The average annual air temperzture at Page Field near Fort Myers is abowt 749F,
Monthiy averages range from 64%F in January to B3°F in August, and temperature extremes are modified
by the tempering influence of the Gulf of Mexico. Annual rainfall averages about 53 inches and occurs
during well-defined wet and dry seasons (Missimer and 0'Donnell, 1976). More than 60 percent of the
annual rainfall occurs from June through September; almost B0 percent occurs from May through October,

" Topography and Drainage

Lee County 1s part of the sandy flatlands of south Florida, an area which is low-lying and poorly
drained (Parker and others, 1955). Tramspiration and evaporation account for a large part of the out-
flow from the area, and surface runoff, which is en the order of 10 to 20 inches per year {Kenner,
1966}, occurs primarily during the rainy season. Watersheds in Lee County are characterized by a
coastal marsh usually 1 to 2 feet above sea level, a relatively steep trantiticnal zonme that ranges
from 5 to 20 feet above sea level, and a flat upstream prajrie area ?Jnhnsnn Engineering, 1979). In
the eastern part of the county south of State Route 82, natural drainage occurs wia sheetflow in
pocrly defined channels through cypress domes and strands and wet prairies and marshes sowthwestward
towards the Esters and Imperdial rivers and Scuthward towards Corkscrew Swamp in Collier County.

Fvdrooeology

Groundwater in Leée County 15 obtained from wells that tap one or more of five principal water-
bearing 2omes or units that have varying degrees of continuity bemeath the county (Boggess and others,
1977}. In order of increasing depth, these are the water-table aguifer, water-bearing zomes in the
Tamiami Formation, the upper part of the Hawthorn Formation, and the lower part of the Hawthorn
Formation, and a water-bearing zone in the Tampa and Suwannee Limestomes. Locally, the four lower
units are also considered aquifers and, in order of increesing depth, are informally called the
Tamiami aguifer, the upper Hawthorn aquifer. the lower Hawthorn aguifer, and the Suwannee aquifer.
Generally, the water-table, Tamiami, and upper Hawthorn aguifers contain freshwater, and the Tower
Hawthorn and Suwannee aquifers contain salty water (Figure 2).
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The water-table aquifer comsists primarily of unconsolidated fine- to medium-grained quartz
sand with interbedded sandy limestone and ihe1{ units (Boggess .and others, 1977). The overall
thickness of the water-table aquifer varies from less than 5 feet to nearly 100 feet. [n south-
eastern Lee County, a tan, gray sandy limestone, which is called unit 1 of the Tamiami Formation
and considered to be the Ochopee Limestone Member {Peck and others, 197%), is present. This unit,
which 15 also considered part of Zone | of the Tamiami Aquifer System by Mistimer (1978), fs an
important water-bearing zone in the southeastern part of the county. . Water levels and water
quality in this unit are very similar to the water levels and water quality in the surficial water-
table deposits that overlie this unit (PBSLJ/MBA, 1978). Generally, this unit is hydraulically
connected to and is a part of the water-table aguifer.

A gray and green clay unit, called unit 2 of the Temiami Formation (Peck and others, 1979),
underlies the water-table aguifer. This unit is made up of a 1ight gray clay which overlies a
somewhat thicker, silty, calcareous green clay. The unit underlies most of the county, is on the
order of 50 feet thick, and forms 2 semipermeable confining bed over the underlying Temiami agui-
fer (Sproul and others, 1972).

The Tamiami aquifer consists of hydraulically connected sandy limestone and calcareous sand-
stone and sand that are confired by the overlying clay unit, This aquifer corresponds to unit 3
of the Tamiami Formation, a unit which was named the Lehigh Acres Member by Peck and others (1978),
The Tamiami aquifer has alsc been called the sandstone aguifer (Sproul and others, 1972, and Eongess
and Missimer, 1975), the water-bearing zone in the Tamiami Formation (0'Donnell, 1977), and Zone 11
of the Tamiami Aquifer System {Missimer, 1978). In the eastern part of Lee County, the aquifer is
very permeable, and it yields relatively large-vnlumes of water to wells,

The upper Hewthorn aquifer s not considered an important aguifer in eastern Lee County (Boggess
and Missimer, 1975). The lower Hawthorn and Suwannee aquifers occur at depths several hundred feet
below land surface and contain water that is hard and sulfurous (Boggess, 1974).

Prelimimary Site-Specific Results

At the land treatment site, 10 test borings, each about 200 feet deep, have been drilled
argund the perimeter of the site. Geophysical logs have been run in four of the test borings, and
thirty piezometers are being installed to measure water levels and obtain groundwater samples. Base-
Tine groundeater and surface-water conditions are being established on the site and in nearby down-
stream areas. :

Preliminary results indicate that the site it underlain by four lithologic umits to & depth of
about 200 feet. The uppermost unit consists of surficial sands with traces of si1t and elay, and the
second unit consists of partially cemented sand, shell fragments, and sandy limestonme. The third unit
consists of gray and green silty cley, and the fourth unit consists of calcateous sand and partially
cemented lavers of shell, The first unit comprises the water-table aquifer, and the second unit has
been identified as the Ochopee Limestone Member, or unit 1 of the Tamiami Formation. The third unit
Rzt Deen identifiéd &5 unit 2 ot the Tamiami Formation. This clay unit overlies the fourth unit,
which hes been identified as the Lehigh Acres Member, or unit 3 of the Tamiami Formation, The total
thickness of the water-table aquifer and unit 1 ranges from about 70 to 140 feet, and these two units
appear to be hydraulically connected over most of the site. Very dense rock was encountered in three
of the borings at a depth of about 25 feet. This rock laver may separate the water-table agquifer from
unit 1 in these localized aress, but there is no indication that this occurs over most of the site,
The thickness of the gray and green silty clay is about 40 to 45 feet, and this unit is apparently
continuous beneath the site. The unit acts as a semipermeable confining bed overlying umit 3, and
it separates unit 3 from the overlying water-table aguifer and unit 1 at the site.

A management scheme for disposing of the 24 million gallons per day of treated wastewater
effluent discharged from the site is being developed, taking into account the expressed desire of the
Wational Audubon Society that none of the effluent be discharged intc the Corkscrew Swamp watershed.
Tentatively, it will be recommended that the discharge from the site be routed southwestward from the
site into the Imperial River watershed. This dizcharge path is through a matural surface-water drainage
system which flows through section 22, Township 86 South, Range 26 Eact, This is the location for a
new well Tield proposed by Lee County, and it is 1ikely that this route of discharge will contribute
to the. recharge of the proposed wellfield,

Additiponal Work

Te finish the investigation, the 30 piezometers will be installed, and water levels will be
measured and water samples taken. Hydrographs and water-level maps will be constructed, and water-
quality analyses performed. The effects that discharging 24 mi17{on nallons per day from the site
Will have on low flow and hioh flow conditions downstream will be determined, If it is decided that
a perimeter canal around the site is required to contro] water levels and drainage on the site,
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the affacts that lowering groundwater and surface-water levels will have on adjacent areas will be
frvestigated. Finally, baseline parameters will be documented, and guidelines for routine monitoring
of groundwater and surface water will be provided to the City of Fort Myers and reguiatory Bgencies
long before any westewater is applied to the site. :
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USING GEOLOGIC SEARCH TECHNIQUES
TO LOCATE A MAJOR GROUND-WATER
RESOURCE NEAR LABELLE, FLORIDA

Thomas L. Tessier
Senior Scientist
Geraghty & Miller, Inc.
1675 Palm Beach Lakes Boulevard
Wezt Paim Beach, FL 33407

ABSTRACT

The fresh ground-wzter resource is being developed in the vicinity of LaBelle to serve a
growing, new comunity. The source of water will be water-producing sands and shells above
the Floridan Agquifer. Units that can be tapped by production wells exist at depths between
100 and 230 feet below land surface and between 200 and 300 feet below land surface. However,
these units do not appear to be areally extensive; geophysics and test drilling are being used
in combination to define the extent of the water-producing materials.

INTRODUCTION

General Development Corporation has been developing the community of Port LeBelle on 2 40-
square=mile tract east of LaBelle, Florida, General Development Utilities, Inc., has been explor-
ing for ground-water resources om the property since 1971, with the assistance cof Geraghty & Miller,
Inc., Ground-Water Geolpgists and Hydrologists, of West Palm Beach, Florida.

Tnitially, test drilling was undertaken in areas planned for early development. FRecently,
test drilling and geophysical techniques have been used in combination to delineate areas of
material favorable to the installation of production wells.

Regional Geology

The formations underlving Glades and Hendry counties consist of 2 sequence of consolidated
sedimentary rocks and unconsclidated beds. The sedimentary sectiom forms part of the southern
flank of the regicnal Ocala uplift. The beds conform to the regional uplift and dip gently to the
south, where the total thickness is in excess of 10,000 feet. The deeper rock units are 1imestones
and dolomites that reportedly range from middle Miocene to Eocene im a2ge. ,Rock units younger than
middle Miccene are chieflv clastic deposits of shells, sand, 5i1t, and clay [Klein and others, 1?54}.

The 1imestone and dolomite rocks that predominate in the geologic section in the basal portion
of the Hawthorn Formation and older units combine to form the Floridan Aquifer, 2 regionally-exten-
sive hydrologic unit that neerly everywhere yields large volumes of water to wells. In Glades and
Hemdry counties, fresh water suitable for irrigation i5 obtainable only from the upper part of the
Floridan Aguifer {from the limestones of the Hawthorn and immediately underlying Tampa formations).
{1der limestones contain brackish to saline water not suitable for irrigation or public supply.

The limestomes comprising the Floridan Aquifer appear to have been deposited in a shallow
marine environment. Above 1ts basal limestone unit that occurs at depths between about 325 and 373
feet in the vicimity of LaBelle (Kiein and others, 1964), the Hawthorn Formation consists of pre-
dominantly detrital materials--sandy marls and clays, silty sands, quartz sands, and shells,
Although these sedimenis also appear to be of shallow marine origin, there appears to have been o
source of sediments, perhaps associated with a regional uplift to the north. Evidence from High-
lands and northern Glades counties suggests that a delta that formed in Highlands County during
Hawthorn time extended southward into Glades County. The coarser detrital deposits in Glades
and Hendry counties appear to be assocfated with southwerd advances of the delta,

tlays and marls of the lower part of the Hawthorn Formation serve to confine water in the
Floridan fouifer. Within the Hawthorn Formation, isolated masses of sand, shell, and quartz
pebbles have been tapped by wells for moderate to large quantities of fresh water,

.The Tamiami Formation of upper Miocene age overlies the Hawthorn Formation. The top of the
Hawthorn cccurs at depths of about 75 feet below land surface near LaBelle (Klein and others, 1964).
The Tamiami deposits of samd, $i7t, marl, and shells appear to be reworked Hawthorn sediments. Thin
limestone beds secur in sowthern and eastern Hendry County in atcociation with these deposits. In
southern and eastern Hendry County where the limestones are tapped, 1ar9e gquantities of fresh water
are availahle to shallow wells. In the remainder of Hendry County and in Glades County, local beds
of sand and shell yield quantities of fresh water suftable for domestic and small irrigation wells.
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Exploration in LaBelle

Initially, seven test holes were drilled on General Development lands in the vicinity of
properties slated for early development. Subsequently, seven additfonal test holes were drilled.
Two of the initial seven holes encountered beds of sand and shell that were sufficiently permeable
to warrant the installation of 2 test well., At the site of the present water plant, a unit of
zand and shells extended from 245 feet below land surface to the total depth of the test hole at
300 feet below land surface The three-hundred-foot depth represents the maximum desirable drill-
ing depth above the Floridan Aguifer, It is not desirable to penetrate the Floridan Aquifer at
Part LaBelle because & large diversion from the upper Floridan Aquifer probably would be threatened
by upconing of saline water from below.

Test holes drilled north, east, west, southeast, and southwest of the water plant did not
epcounter similar material between 200 and 300 feet below land surface, One thousand feet north of
the water plant, a test hole encountered sand suitable to warrant the installation of a test well
from 102 feet below land surface to the total well depth of 142 feet That permeable unit has been
found in subseguent test holes. Two thousand feet north of the water plant, $hell and sand extended
frem 110 feet to 200 feet below land surface. Two thousend feet east of the water plant, the unit
extended from 110 to 190 feet below lamd surface. .

It is apparent that fresh-water aguifers above the Floridan Aquifer are not areally extensive
in the vicinity of LaBelle. Considerable geophysical exploration will have to be combined with
test drilling in order to locate production well sites and cefine well figlds at Port LaBelle. A
program of electrical resistivity, borehole geophysics, and test drilling is currently under way.
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THE SUNNILAND TREND OF SOUTH FLORIDA

F. A. Pontigo, Jr.
Department of Hatural Resocurces
Bureau of Geology
803 West Tennessee Street
Tallahaszee, Florida 32304

EXPLORATION SUMMARY

The discovery well for the 5South Florida Basin was the Humble 031 Company Gulf Coast Realties
Well No. 1, (Permit 42) at Sunniland Siding, Collier County, Florida. This field had original oil-
in-place of 37,685,000 barrels, and total recoverzble oil of 18,842,000 barrels, for a recovery
factor of 50 percent. Productive acreage is 2,080 acres.

The most productive field discovered in the South Florida Basin s West Sunoco Felda Field
which has estimated oil-in-place of 142,857,000 barrels and recoverable reserves of 50,000,000
barrels. Productive acreage is 7,500 acres. Production is primarily from algae, bioclastic debris,
and pellets, which have been winnowed by weve action to create favorable porosity and permeability.

Depth of production from the Sunniland Formation is between 11,322 feet and 11,892 feet, The
average API (American Petroleum Institute Standard) gravity of this @il is between 25 and 26 degrees,
The average gas-oil ratio is approximately 300:1, The moderately low gravity and low gas-oil ratio
i believed to be due to the fact that the oil has been generated near the low temperature 1imits
of oil generation. This observation s supported by geochemical analyses.

Stratigraphy

The strata from the enshore portion of the South Florida Basin consists mainly of carbonates
and evaporites. These rocks range in age from possible late Jurassic to Pleistocene.

Basement rocks found in the study area comsist of an altered quartz diabase found in the Humble
0i1 Company Mo. 1, Lehigh Ares Development Well, located in Sec. 14, T455, RZJE, in Lee County (Permit
407)}. The rock was dated by Exxon Corporation 25 163 million years old (K/Ar), possibly late Jurassie.
Rhyolite porphyry was encountered in the Bass Collier Company Well, located in Sec. 12, T525, RZ7E.
in Collier County (Permit 778). This rock was dated by Shell 0i1 Company as 183 £ 5 million years
old [Rb/5r), possibly early Jurassic. _

The emphasis of this report is on the Sunniland Formation. Because of their stratigraphic
relation to the Sunnilend, only two other formations will be discutsed: the Punta Gorda Formation,
which underlides the Sunniland, and the Lake Trafford Formation, which overlies the Sunniland.

Punta Gorda Formation

The ‘Punta Gorda Formation is composed chiefly of anhydrite, with lesser amounts of Yimestone,
dolomite and shale. The type section for the Punta Gorda is in the Humble 0i1 and Refining Company
Lowndes Trendwel]l Well Wo. 1A (Mo Permit), located im Sec. 17, T425, RZ3E, Charlotte County, from
11,690 feet to 12,157 feet, (Applin and Applim, 1965, p.29].

The Puntz Gorda Formation averages about 500 feet thick in the producing trend. Downdip over
1,000 feet of this formation has been drilled.

The top of the Punta Gorda throughout the study area is composed of a nodular anhydrite unit.
Oglesby {1965) suggested that some of the relatively thin limestone units could have besn caused by
storms breaching barrier reefs. The thicker units of Timestone within the Punta Gorda Formation were
probably the result of continuous sea water influx, perhaps from higher sea levels, before the Jlast
regression at the end of Punta Gorda deposition.

sunniland Formation

The Sunniland Formation was described and a type section given by Applin and Applin (1965). The
type section of the Sumniland Formation 1% 9n the Humble 011 and Refining Company, Gulf Coast Realties
Corporztion Well Ne. 2 (W-961), Sec, 20, T48BS, R3IOE, Collier County, in the Sunniland Field.

The Sunniland Formation i5 composed mainly of dark, argillacepus micrite beds in the bottom of
the section, with Tight-tan, chalky limestones near the top. These units are interbedded with sucresic
to micro-suerosic, sometimes oil-stained, brown dolomite. Some anhydrite inclusions are found in
these dolomites.

Stylolites filled with argillaceous or bituminous residue are common im the Sunniland, indicating
post-depositional alteration of these carbonmates. These pressure-solution features are probably a
result of compaction coupled with loss of volume, 25 is evident in the “"tight” micritic sections.
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Bioclastic limestomes composed predominmantly of rudistid, algal, foraminiferal and pelietal
debris form the “reef™ trend.

The lenath of the productiwe Sunniland reef trend (Lee to Dade County) is approximately 145
miles and averages about twelve miles wide, Of the 10 fields found to date, production comes from
approximately 18,280 of the estimated 1,100,000 acres in the producing trend.

Almost all of the porosity found in the South Florida Basin is concentrated on the northwest-
southeast reef trend. Downdip in the Sunniland, there was an zbrupt change to a restricted, more
caline environment. This anaerobic and low energy environment prevented reef formation and resulted
in the formation of dense micrites.

On the resf trend, the dolemite in the formation attains a maximum thickness of 60 feet. which
is approximately 20 percent of the total Sunniland Formation, This thickness decreases away from
the reef trend in both the updip and the downdip directions.

Updip from the reef trend, the dolomite thickness decreases to less than 20 feet and then
gradually increazes to a maximum thickness of approximately 100 feet in Palm Beach County.

217 the oil fields discovered to date in the Sunniland Formation lie on the reef trend where
the dark argillacecus carbonates comprise approximately 30 to 60 percent of the total formation.
Downdip in the basin, the dark micrite percentage increzses to 100 percent. Updip of the reef
trend, the dark organically-rich micrite indicates that it is a potential source rock for oil.

The thickness of the Sunniland varies from approximately 100-150 feet northeast of the reef
trend, to £50-300 feet along the reef trend, to 70-100 feet scuthwest of the reef trend, Southwest
of the reef trend the upper section of the Sumnniland is replaced by enhydrite,

Near the bottom of the section a bio-zome of Orbitolina and Dictyoconus foraminifers is found.
Applin and Applin (1965) reported that “This assocTation is the unique and characteristic faunal
feature of the Sunniland Limestone....” Within the Sunniland are found Tenses of bioclastic
limestone, coarsely broken shell fragments, algal plates, and unidentified species of the miliolid
foraminifera geners Quingueloculina,

Lake Trafford Formation

The term Lake Trafford Formation was proposed by Oglesby [1965) to replace the names "Upper
Anhydrite" or "Upper Massive Anhydrite". The “Upper Anhydrite" is an impervious bed directly
overlying the Sunniland Formation. The Lake Trafford Formation incorporates this “cap rock® with
some limestone and other aphydrite units.

The type section of the Lake Trafford Formation is in the Humble 011 and Refining Company,
J.A. Curry Well Mo. 1 (Permit 222}, located in Sec. 8, T475, R29E in Collier County, from 11,612
feet (Dgleshy, 1965). :
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OIL PRODUCTION TN SOUTH FLORIDA

Geprge 0. Winston
1511 Mataro Avenue
Coral Gables, FL 33146

ABSTRACT

041 in south Florida is produced only from the Sunniland formation at some 11,000 feet.

The Lower Sunniland is productive only in the one-well Lake Trafford field from fractured,
dense, black, worm-burrowed limestone. The wom burrows are filled with a chalky low-permeability
limestone. The Upper Sunniland produces from 3 trend some 12 miles wide. This trend is defined
up-dip by the change in facies from grainstone to a chalky, micritic limestone impermeable to oil,
but permezble to water. Down-dip, the trend is defined by the change from rudistid and grain
limestone to dense, bBlack limestone amd anhydrite.

The Sunniland formation is the thickest of scores of sedimentary cycles in the Comanchean
Lower Cretaceous. FReservoir charecteristics are developed only in the middle portion of the cycle.

The principal component of the reservoir rock at Sunniland and Bear lsland fields is leached
rudistids and rudistid debris. At Felda, West Felda and Lehigh Park fields, the principal component
is grainstone.

Although both source and reserveir rock as well as cas and of1 shows are present in the Dollar
Bay Formation, to date there has been no oil production.

South Florida production for 1979 was 4.7 million BD, or some 13,000 BOPD.
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