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Approximate mileages taken from Google Earth:

Stop 1 Crystal River Quarries Lecanto Pit From the Holiday Inn Express on SR 44, drive
approximately 6.2 miles St6 CR 4911 Lecanto Highway. Turn southight). Proceed 2.2

miles to the Crystal River Quarries Lecanto Mine entrance on th@efgsside of the road. It is
across the highway from a school complex. Follow the leaders into the pit and the parking area.
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Stop 2 Crystal River Quarries Maylen Pit: Leave the Lecanto Mine, return to CR 491. Drive
north 2.2 miles to SR 44. Turn northw@stt) on SR 44 and drive 1.3iles to Maylen Road (on
the righ). Drive north 0.5 miles to the mine entrance on the right. Followetigers to the

parking area.
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Stop 3 Crystal River Quarries Red Level Pit Leave the Maylen Mine and return to SR 44.
Turn northwes(right) and drive 5.7 miles to US 19. Turn on right on US 19, drive 5.4 miles to
the entrance to the Red Level Minetbe wesf(left) side of the road. Follow the leaders to the
parking area.
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GEOLOGIC OVERVIEW OF THE FLORIDA PLATFORM
By
Thomas M. ScottPh.D, P.G.
SDII Global Corpration
(Florida Geological Survey, retired)

INTRODUCTION

The Florida Platform iglelimited by the 200 m (600 ft) isobath at the shelf break to the
approximate location of the Paleozoic suture beneath southern Georgia and Alapaed)(
The SuwanndaViggins Suture (Thomas et al. 1989) is the proposed location where terranes
with African affinities are welded to the North American Plate (Chowns and Williams 1983;
McBride and Nelson 1988; Woods et al. 1991). The basement rocks of the Florida Platform are a
fragment of the African Plate that remained attached to the North AmericanwvPlen rifting
occurred in the Jurassic and range in age from late PrecarglarigrCambrian to midurassic
(Barnett 1975). Excellent reviews of the geology of the basement are provided by Smith (1982),
Arthur (1988), Smith and Lord (1997), and Heathgtam and Mueller (1997). Barnett (1975)
provided a structure contour map of the-Zuimi surface. This surface equates to what is now
recognizedasps®li ddl e Jurassi c. Barnettds interpretat
occurring as shallow as apprmately 915 m (3000 ft) below mean sea level (msl) in central
northern peninsular Florida. The basement surface dips west and southwest toward the Gulf of
Mexico basin, to the south into the South Florida basin, and to the east into the Atlantic basin.
Thebasement surface reaches depths of more than 5180,800 ft) below msl in southern
Florida (Barnett 1975).

The platform, deposited unconformably on top of the basement, is constructed of Middle
Jurassic to Holocene evaporite, carbonate, and silicckstiiments deposited on a relatively
stable, passive margin of the North American Plate. The age assignments for the Middle Jurassic
to Holocene formations are, at times, tentative propositions due to limited, or lack of,
paleontological evidence in sorfemations. The age determinations for some of the younger
units, for example the Pliocene Tamiami Formation, are based on a vast amount of
paleontological evidence. This, in part, is responsible for differing interpretations of when,
where, and how muckediment was deposited across the platform (see and compare Salvador
[1991b] and Randazzo [1997]).

STRUCTURE

The Florida Platform has been a relatively stable portion of the trailing edge of the North
American Plate since the midirassic. Winston (1991ja¢ed that the Mesozoic and Cenozoic
structural movement on the Floridha hama Pl atf orm was entirely ne
structural highs, were not formed by uplift but as the result of subsiding more slowly than the
flanking basins. However, didting of the basement rocks created many of the structural features
recognized on the pirenid-Jurassic surface (Barnett 1975; Smith and Lord 1997). Faults
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Figure 1i Limits of the Florida Platform.

disrupting the Upper Jurassic sediments have beetifiddnn northwestern Florida; some
displacements exceed 305 m (1000 ft) (Lloyd 1989). Miller (1986) recognized a number of
known or suspected Cenozoic faults that affect the Floridan Aquifer System. Duncan et al.

5



(1994) identified faulting in the Loweo tMiddle Eocene Oldsmar Formation. A number of
hydrogeologic and geomorphic investigations have proposed the existence of faults (Wyrick
1960; Leve 1966; Lichtler et al. 1968; Pirkle 1970; White 1970). The faults in the Cenozoic
section have very limitedigplacement, generally less than 30.5 m (100 ft) and are difficult to
identify due to | imited displacement, well <co
and karstification.

Little has been said concerning folding of posid-Jurassic sedinmés on the Florida
Platform. Missimer and Maliva (2004) believe that folding is more widespread on the Florida
Platform than is presently recognized due to the limited amount of detailed subsurface data. They
recognized folding with associated fracturimgldaulting in the sediments of the Intermediate
(Miocené Pliocene sediments) and Floridan Aquifer systems (Ed€aigocene sediments) on
the southern portion of the platform. They postulated that the interaction of the Caribbean and
North American platem the Late Miocene to Pliocene produced the folds, fractures, and faults.

The oldest features recognized as affecting deposition dfrpmsfurassic sediments on
the platform are expressed on thei pnel-Jurassic surface (Arthur 1988). The Mesozoic
structural features affecting deposition of sediments include a series of basins or embayments
and archesfigure 2). Some of these features affected deposition into theOmmbzoic (for
example, the South Florida basin; Scott 1988). Other features affieetddposition into the late
Cenozoic (for example, the Apalachicola Embayment; Schmidt 1984). The Peninsular Arch
affected deposition from the Jurassic through the Cretaceous and was intermittently positive
during the Cenozoic (Miller 1986). The Cenozsitctural features affectingegosition are
shown in figures.

One of the more interesting structural features of the Florida Platform is a sotftbwest
northeast trending low that has affected deposition from theloraksic until at least the Middle
Miocene. Some portions of the feature continued to affect deposition through the Pleistocene.
This feature has an extended list of names that have been applied to all or parts of it. An
excellent review of the names applied to the feature was presentetirnyd§(1984) and
Huddlestun (1993). However, Georgia Channel System is the name that has been applied to the
entire segance (Huddlestun 1993) (figg, 3).

The Georgia Channel System had its origin in the formation of the South Georgia Rift in
the Triassid Jurassic?) (Huddlestun 1993). From the Late Cretaceous through the Paleocene,
this area was the boundary between carbonate deposition to the south and siliciclastic deposition
to the north. By the Eocene, the Appalachian Mountains had been higtgddeaving
relatively low hills and significantly reduced siliciclastic sediment transport via streams and
rivers. In the Eocene and Oligocene, as the result of a greatly reduced siliciclastic supply,
carbonate deposition extended across the Georgian€h@gstem. The channel system was then
infilled by predominantly siliciclastic sediments in the Late Oligocene to the Early Miocene in
response to uplift in the Appalachians (Scott 19683.1 | en et al . (2043) pos
or ogeni c o iftofehg Appataehlans wqeurred in the Miocene based on geomorphic
evidence. However, by the Early Miocene, a significant increase in the deposition of siliciclastic
sediments was occurring in the lower Hawthorn Group of Florida and Georgia. This suggests
that a rejuvenation of the southern Appalachians occurred prior to the Early Miocene providing a
significantly increased supply of siliciclastic sediments.
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Figure 21 Structures affecting the Mesozoic and early Cenozoic deposits (modified after Lloyd
1997).
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Figure 3i Structures affecting the pesarly Cenozoic deposits (modified after Scott, 1988).
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DEPOSITIONAL ENVIRON MENTS
The initial depositional environments affecting the Florida Platform were restricted environments
allowing for intense evapation and the development of evaporites in limited areas. As the Gulf
continued to expand and sea levels rose, siliciclastic and carbonate depositional environments
began to cover more of the platform. Continuedlseal rise through the Cretaceous auaily
covered the exposed land area in northern Florida. The Florida Platform sediments were
deposited in a complex interplay of siliciclastic, carbonate, and evaporite facies as a result of sea
level fluctuations (Randazzo 1997). Siliciclastic deposipcedominated on the northern part of
the platform while carbonate and evaporate sediments formed to the south (Randazzo 1997).

In the early Cenozoic (Paleogene), the siliciclastic sediment supply was limited due to the
highlands of the Appalachian trehdving been reduced by erosion, and carbonate deposition
expanded to cover the entire Florida Platform and beyond by the Oligocene. The carbonate
platform, which began as a rimmed shelf in the Jurassic, evolved to a carbonate ramp sequence
by the early Ceozoic (Randazzo 1997; Winston 1991). Subsequent to the maximum
development of the carbonate platform, uplift occurred in the Appalachians providing a renewed
supply of siliciclastic sediments (Scott 1988; Brewdténgard et al. 1997). This influx of
siliciclastic sediments in the Neogene replaced most carbonate deposition on the Florida
Platform by the miePliocene. As sea level rose in the late Pleistocene, there was a decrease in
siliciclastic sedimentation and carbonate deposition increased on thersokiforida Platform.

The interplay of the carbonate and siliciclastic sediments with fluctuating sea level and changing
climate created complex depositional environments (Scott 1988; Missimer 2002). The interaction
of the carbonates and siliciclasticstbe Florida Platform has been investigated and discussed

by a number of authors (Warzeski et al. 1996; Cunningham et al. 1998; Guertin 1998; Guertin et
al. 2000; Missimer et al. 2000; Missimer 2001, 2002; Cunningham et al. 2003).

STRATIGRAPHY

Stratigrafnically, Florida is composed of pMesozoic sedimentary, igneous and
metamorphic rocks overlain by Mesozoic and Cenozoic sedimentary rbloksMesozoic
sediments consist predominantly of siliciclastics except in central and southern Florida where
carborates predominatén the Cenozoic, the Paleogene sedimandspredominantly carbonates
with some mixed carbonagliciclastic sediments. The Neogene and Quaternary sediments are
predominantly siliciclastics (Braunstien et al, 1988).

The preMesozoic reks occur nearest to the land surface in northern peninsular Florida.
These rockslip deeper in the subsurface to the sauttier the exposed portion of the Florida
Platform, to the east under the Atlarfiicean andavestinto the Gulf of Mexico (Puri and
Vernon, 1964). Consequently, the Mesozoic and Cenozoic sediments thicken in these areas
exceeding 13,000 feet thick in southern Florida.

Pre-Mesozoic

The preMesozoic (Proterozoic and Paleozoic) framework of the Florida basement is
composed of igneous, setkentary and metamorphic rocks (figu#¢. These rocks have been
penetrated by oil exploration boreholes. A number of researchers have investigated the pre
Mesozoic rocks including Smith (1982), Chowns and Williams (1983), Dallmeyer et al. (1987),
Arthur (1988), and others. Refer to Smith and Lord (1997) for a summary of the research on the
basement rocksThe granitic igneous rocks, which occur in ezettral Florida, have been dated
at approximately 530 million years old (early Paleozoic) (Dallmeyal. 4987; Smith and Lord



1997). Dallmeyer et al. (1987) recognized that these rocks, the Osceola Granite, were part of a
complex that is also found in northwestern Africa. A metamorphic sequence, located on the
southern flank of the Osceola Granite, iradés metamorphism was associated with the
emplacement of the granite pluton.
Sedimentary rocks are found in t@eeas of the basement, a small area in the panhandle near the
junction of Alabama, Florida, and Georgia, and in the northern peninsula nartmef
connecting Tampa Bay in the southwest and a point between St. Augustine and Jacksonville in
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Figure 4- Paleozoic stratigraphic columns (modified aBeaunstein et al, 1988).

the northeast (Jones 1997; Smith and Lord 1997). With the excepsediofents encountered

in a few wells, the sandstone, siltstone, and shale are usually sparsely fossiliferous. Ages derived
from the fossil assemblages range from Early Ordovician to Middle Devonian (Jones 1997).
Opdyke et al. (1987) recognized a{Mesozac shale in northern Florida that exhibited low

grade metamorphism.

Mesozoic

Mesozoic sediments on the Florida Platform were deposited in response to the separation
of plates beginning in the Triassic. Subsequent to the breakup of the plates, marieatsdidim
began and remained the dominant depositional type for much of the geologic history of the
Platform.
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Triassic
Triassic rifting associated with the breakup of Pangea and the formation of the Atlantic
Ocean created the SbuGeorgia basin (Rift) (figre2). Triassic red beds, the Newark Group,
and Eagle Mills FormatiorBfaunstein et al. 1988) (figufg, filled the rift system. Basalt and
diabase (tholeiites), with an average age of 192 million years (Arthur 1988), have been
encountered in a numbef lmoreholes. These rocks were emplaced or occurred as flows in
response to the continued separation of the plates (Arthur 1988).
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Figure 51 Mesozoic stratigraphic columiisodified afteBraunstein et al, 1988).

Jurassic
The Gulf of Mexico basin begdn form in the Late Triassic as rifting began to separate
the lithospheric plates (Salvador 1991a). The first-péistg sediments deposited on the Florida
Platform were upper Middle Jurassic evaporites in the Apalachicola Embayrdehean
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Conecuh Embayent (figure2). These were deposited in very limited portions of the
northwestern Florida Platform (Salvador 1991b; Randazzo 1997). Deltaic to shzdidone
siliciclastics, carbonates, and evaporites were deposited on the northwestern Florida Platform
during the Late Jurassic (Salvador 1991b). These sediments contain important petroleum
producing horizons, including the Norphlet Sandstone and the Smackover Formation
(carbonates)Rraunstein et al. 1988) (figuf that were discovered between 1970 and198
(Lloyd 1997). In southern Florida, Upper Jurassic siliciclastics were followed by carbonates and
evaporites deposited on an unnamed Upper Triassic to Upper Jurassic volcanic complex
(Braunstein et al. 1988). These sediments occur below important patrpteducing horizons

in the South Florida basin (Applegate et al. 1981). Throughout thdumégsic to the beginning

of the Cretaceous, sea levels rose, progressively reducing the exposed portion of the Florida
Platform (Salvador 1991b; Randazzo 1997) Thickness of posmiid-Jurassic to Cretaceous
sediments in northwestern Florida Platform exceeds 1000 m (3500 ft) (Randazzo 1997). In the
southern part of the platform, the thickness may exceed 915 m (3000 ft) (Winston 1987).

Cretaceous
By the beginningf the Cretaceous, a limited portion of the northern Florida Peninsula remained
above sea level (McFarlan and Menes 1991). As sea level rose through the Early Cretaceous,
more of the platform was submerged (McFarlan and Menes 1991; Randazzo 1997). @epositi
in the northwestern Florida Platform was dominated by marine andhaane siliciclastics.
Carbonates and evaporites covered the southern portion of the platform (McFarlan and Menes
1991; Winston 1987, 1991). During the Lower Cretaceous, carbonatesamatites of the
Ocean Reef Gup, Sunniland Formation (figuf and associated units were deposited. The
Sunniland sedi ments became the reservoir rock
1997). The thickness of the Lower Cretaceous sedsweaches more than 1830 m (6000 ft) on
the northwestern and 2740 m (9000 feet) on the southern portions of the platform (Randazzo
1997).

In the early portion of the Late Cretaceous, sediments in the northern portion of the
Florida Platform continued tioe dominated by siliciclastics, while carbonates were being
deposited in southern Florida (Sohl et al. 1991; Winston 1991). By theatedCretaceous,
carbonates, including chalk, with limited siliciclastics were deposited over the entire Florida
Platform(Sohl et al. 1991). The Upper Cretaceous sediments are more than 915 m (3000 feet)
thick in northwestern and southern Florida (Randazzo 1997).

At the end of the Cretaceous, a large bolide (meteorite, asteroid, or comet) collided with
Earth in the Gulf oMexicoi Caribbean region (Hildebrand et al. 1991). The bolide impacted at
an oblique angle, spreading ejecta to the north and west (Schultz 1996). It is thought that 100 to
300-m (330 to nearly 1000 ft) high tsunamis (Bourgeois et al. 1988; Matsui &98)) 4pread
across the Gulf of Mexico (Kring 2000). Discussions with a number of geologists investigating
the Chicxulub impact suggest that the Florida Platform should have been influenced by the event
(Chicxulub planning meetirigsroup on MesozoidCenozoicstratigraphy and the Cretacebus
Tertiary (KT) boundary, Puerto Vallarta, Mexico, 1993). However, no evidence of the impact or
tsunamis has been discovered on the Florida Platform to date. The lack of cores across the KT
boundary, the limited number anddeidistribution of wells penetrating the KT boundary, and
the general poor quality of the cuttings from the wells hinder the search for evidence.
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Cenozoic

Carbonate sedimentation dominated during the Paleogene and into the earliest Neogene
on much of thé=lorida Platform. A significant change in sedimentation occurred in the early
Neogene. Siliciclastic sediments began to replace carbonates as the dominant sediment.

Paleogene

Carbonatéevaporite deposition dominated much of the Florida Platform dureng th
Paleocene (Miller 1986). The carboriaeaporite sediments graded to the northwest into
shallow marine finggrained siliciclastic sediments across the Georgia Channel System. The
main carbonat@roducing area was interpreted to be rimmed by a reef syseating the
restricted environment necessary for evaporite deposition (Winston 1991). The Paleocene
sediments cover the entire Florida Platform and have a maximum thickness of more than 670 m
(2200 ft). The thick anhydrite bedstime Cedar Keys Formatdfigure6) form the regionally
extensive lower confining bed of the Floridan Aquifer System (Miller 1986, 1997).

The evaporite content of the Lower to Middle Eocene sediments declined in response to
sealevel rise and resulted in the development of aenapen, carbonatamp depositional
system on the platform. Evaporites occur primarily as pore fill (Miller 1986). The carbonate
sediments grade into siliciclastic sediments in the Georgia Channel System (Miller 1986). The
Lower to Middle Eocene sedimerdsver the entire platform, ranging to maximum thickness of
more than 945 m (3100 ft). Middle Eocene carbonates (Avon Park Formation) are the oldest
sediments exposed on the platform (Scott et al. 2001). These sediments crop out ohdhe cres
the Ocala Rtform (figure3). The Lower to Middle Eocene limestone and dolostone, in part,
form the lower portion of the Floridan Aquifer System while, in some areas, these sediments are
part of the lower confining bed of the aquifer system (Miller 1986, 1997).

Catbonate deposition covered virtually the entire Florida Platform in the Late Eocene.
Carbonates were deposited to the north of the Georgia Channel System nearly to the Fall Line
(limit of Cretaceous overlap), beyond the linotshe Florida Platform (figw1). The carbonate
ramp was well developed and evaporites have not been found in the limestone or dolostone. The
carbonates grade into siliciclastics on the northwestern most part of the platform. Upper Eocene
carbonates range in thickness to more tha&r21700 ft) but, due to erosion, are absent in
several areas of the platform (Miller 1986; Scott 1992, 2001). In a large area on the southern part
of the platform, the Upper Eocene sediments are absent, probably due to erosion by currents
similar to episdes identified in the Oligocene to Pliocene in this region (Guertin et al. 2000). On
the areas of the platform where the Oligocene carbonates are absent, the Upper Eocene
carbonates form the upper Floridan Aquifer System (Miller 1986, 1997).

Lower Oligocane carbonate deposition occurred as far updip as did the Upper Eocene
deposition. The carbonates grade into siliciclastics onantawestern mogiart of the platform.

Very minor amounts of siliciclastics are incorporated in these carbonates. Howelgeof fine

quartz sand occur in the Lower Oligocene of southern Florida (Missimer 2002). Whether or not
the carbonate deposition covered the platform is open to conjecture. The Lower Oligocene
sediments range in thickness to more than 213m (700 ft) babaest over large portions of the
platform (Miller 1986; Scott 1992, 2001). These sediments are missing due to nondeposition or
erosion, or both, in a large area on the eastern flank of the Ocala Platform in an area referred to
as the pale®range Islan@Bryan 1991). Where the Lower Oligocene sediments are present,
they form the upper portion of the Floridan Aquifer System (Miller 1986, 1997).
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Chert(silicified limestone) occurs primarily ithe upper portion of the Middle Eocene
carbonates through thewer Oligocene carbonates. The chert formed as the result of the
weathering of the overlying claych Miocene sediments that covered the platform (Scott 1988).
Weathering of the clays releases large amounts of silica into the groundwater and, in the
appr@riate geochemical environment, replaces limestone. Groundwater beneath thedagsent
erosional scarp near Lake City in northern Florida is supersaturated with respect @TCypal
slightly saturated with respect to quartz due to weathering of the (Say. Upchurch, personal
communication 2005). Fossils including foraminifera and corals are often preserved in the chert.

Sealevel lowering in the Late Oligocene restricted deposition to portions of southern and
northwestern Florida (Missimer 2002)lthough absent over much of the platform, these
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sediments may exceed 135 m (440 ft) in thickness (Braunstein et al. 1988). The stratigraphic
section in southern Floridaay represent the most complete Upper Oligocene section in the
southeastern United States (Brewsténgard et al. 1997). In very limited areas, the Upper
Oligocene carbonates may form the top of the Floridan Aquifer System (Miller 1986, 1997).
Cross sectins showing the distribution of the Paleogeaediments are shown in figure
A generalized geologic map of Floridashown in figureé3. The Paleogene lithostratigraphic
units occurring in the surface and shallow subsurface of the panhandle, norttiesoyitaern
portions of Floridaare shown in figur®.

NeogenéQuaternary

Significant depositional changes occurred in the latest Paleicegmtiest Neogene.

Several factors were responsible for the changes including epeirogeny in the Appalachians that
took a highly eroded and reduced mountain range and uplifted it (Stuckey 1965; Schlee et al.
1988). The rejuvenated mountain range again became a source of sediment due to increased
erosion, and the siliciclastic sediments were transported by streams asgmiagne currents
transported the sediment southward onto the Florida Platform. Sea level rose through the Middle
Miocene, began significantly fluctuating until the end of the Pleistocene, and rose in the
Holocene to present sea level.

Initially, in the Early Miocene, the siliciclastics were deposited interbedded and mixed
with carbonates in northern Florida while carbonates continued to dominate in southern Florida
(Scott 1988). By the Middle Miocene, with continued-e»eel rise, siliciclastics replacd
carbonate deposition (Scott 1988; Missimer 2002). Carbonate deposition continued only in the
southernmost portions of the platform, and siliciclastic sediments continued to be transported
further south and, ultimately, dominated the deposition systemosh of the Florida Platform
by the early Pliocene. Carbonates continued to be produced but on a much more limited scale
and in the late Neogene, carbonate most often occurred as matrix. Siliciclastic sediments
prograded onto the southernmost portiorhef platform in the Pliocene, forming the foundation
for the northern half of the Florida Keys (Cunningham et al. 1998). In the Quaternary,
siliciclastics dominated over much of the platform. However, in the late Quaternary, with a
reduction in siliciclast supply, carbonate deposition began to occur over portions of the
southernmost peninsula.

Sediments deposited in the Miocene covered the entire platform; however, subsequent
erosion and redeposition created the distributional pattern seen today (8td@061). The
initial distribution of Pliocene sediments is not known but can reasonably be inferred to have
been more extensive than the present occurrence (Scott et al. 2001).

Unusual depositional environments are recorded on the Florida Platfdnen late
Cenozoic (Neogene) as the result of-sel fluctuations and marine upwelling bottom waters.
Major phosphorite and palygorskite deposits formed as the result of these conditions (Weaver
and Beck 1977; Riggs 1979; Scott 1988; Compton 1997). Tdnefate phosphorites indicate
that the phosphogenic environment occurred in the Early and Middle Miocene (Compton 1997).
The perimarine environments in which the palygorskite deposits formed also occurred during
the Miocene in northwestern Florida (Weaaad Beck 1977). Palygorskite also formed in
alkaline lakes in the westenentral part of the peninsula in association withlseal
fluctuations (Upchurch et al. 198Associated with the alkaline lake deposits are some very
interesting opaline chadeposits.
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In the late Neogene and into the Quaternary, climate and depositional conditions allowed
the development of extremely fossiliferous mollusbaaring lithologic units. Some of the
formations defined within the late Neogene and early Quateroatgio some of the most
diverse faunas in the world. How these units formed has been a source of discussion (Allmon
1992; Scott and Allmon 1992). Due to the abundance and diversity of the molluscan fossils,
paleontologists have been drawn to study thediensats for more than a century (Scott 1997).

As sea level rose in the Pleistocene, sediments were deposited over that portion of the platform
that is below 1&i 30.5 m (@i 100 ft) above sea level. The Pleisene sea level rose no higher

than this levelColquhoun et al. 1968). The rising sea level in the late Pleistocenecedsed
carbonate production on the southern portion of the platform allowed for the deealopf

Miami Limestone (figures), a broad carbonate bank and oolite shoal complexand.argo
Limestone, the palereef tract of Florida Keys. The Neogé&iiaternary sediments range in
thickness from 0 to more than 914 m (3000 ft) (Miller 198&)ring the last glacial stage of the
Pleistocene, sea level dropped approximately 122 m (le@gosing vast portions of the

Florida Platform that are presently beneath marine waters of the Gulf and Atlantic Ocean. Stream
and river channels that can be seen on bathymetric maps provide evidence for erosion during
sealevel lowstands.

Holocene setevel rose from approximately 18 m (60 ft) depth to the present level, and
8000 to 6000 years B&cheological sites are found offshore in the Florida Big Bend (Faught
and Donoghue 1997). Davis (1997) stated that the 3000 yesssed@level was not sigmantly
lower than the present sea level. Davis believes that much of the pilagerttastline formed
during the last 3000 years as the result of the relatively stablevs#aonditions. The Florida
Everglades formed during this general time frameuginathe deposition of mangrove peat and
freshwater calcitic mud covering a broad expanse of Miami Limestone.

B

Figure 7A1 Cross section locations.
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Figure 7Ci Cross sections showing thieatlow subsurface and surface distribution of
Paleogene, Neogene and Quaternary lithostratigraphic units (Scott et al., 2001).
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Figure 8i Geologic map of Florida (Scott et al., 2001)

The distribution of the Neogene and Quaternary units overlyingdlemgene sediments are
shown in cross sections in figui® A generalized geologic map of Florigashown in figures.
The Neogene and Quaternary lithostratigraphic units occurring in the surface and shallow
subsurface of the panhandle, northern, antheon portions of Floridare shown in figur®.
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HYDROGEOLOGY
The Cenozoic sediments of Florida form a series of aquifer systems, which provide more than
90% of the drinking water for the state (Berndt et al. 1998). Thikeagystems are the Floridan
intermediate, andusficial (Southeastern Geological Society [SEGS] 1986; see Miller 1986 and
Arthur et al. 2008 for overviewglrigure 10)

The Floridan Aquifer System (FAS) is composed of Paleogene carbonates with highly
variable permeability. This ager system, which is widespread in the southeastern United
States, is one of the most productive aquifers in the world (Miller 1986; Berndt et al. 1998).

Budd and Vacher (2004) characterize the Floridan as a-parthsity aquifer: a fractured, porous
aquifer where confined, and a karstic, fractured, porous aquifer where unconfined. The FAS
occurs over the entire platform. The base of the FAS occurs in the lower Paleogene rocks where
evaporites restrict the permeability (Miller 1986; SEGS 1986). Thedoyrs where the

carbonates are overlain by impermeable sediments of the Intermediate Aquifer System or by
surface sands.

The intermediate aquifeystem (IAS) (referred to by the SEGS [1986] as the
intermediate aquifer system/confining unit) is compodgaeaneable and impermeable
sediments deposited during the Neogene. The siliciclastics flooding onto the Florida Platform
during the Miocene and Pliocene contained an abundance of clay. Deposition of the clayey
sediments on the Paleogene carbonates craatadpermeable sequence of confining beds
(Miller 1986, 1997). Permeable carbonate and siliciclastic sediments are, in some areas,
interbedded with the impermeable units creating regionally limited ypatetucing zones
(Miller 1986, 1997). The base ofdHAS occurs at the top of the regionally extensive, permeable
carbonates of the FAS (SEGS 1986). The top of the IAS is placed at the top of the laterally
extensive and vertically persistent lower permeability beds (SEGS 1986). The IAS is absent over
muchof the Ocala Platform.

The surficial aquiferystem (SAS) is composed of late Pliocene through the Pleisiocene
Holocene, permeable siliciclastic and carbonate sediments with some zones of more clayey, less
permeable sedients (Berndt et al. 1998). In tvaoeas of the state, the SAS is particularly
important since the FAS does not contain potable water. In these areas, the westernmost
panhandle and southeastern peninsula, the SAS is the primary source of drinking water. In the
western panhandle, the SASaishick sequence (up to 152 m [500 ft]) of siliciclastic sediments
(Sand and Gravel Aquifer). In the southeastern peninsula, the SAS is made of very permeable,
interbedded carbonates and siliciclastics, which underlie some of the largest metropolitan areas
in Florida (Biscayne Aquifer). The base of the SAS occurs at the top of the laterally extensive
and vertically persistent lowgrermeability beds (SEGS 1986). The SAS is generally absent on
the Ocala Platform.

GEOMORPHOLOGY
The Florida Platform extendswwbward from the continental United States separating the Gulf
of Mexico from the Atlantic Ocean. The exposed portion of the platform, the Florida Peninsula,
constitutes approximately otalf of the Florida Platform measured between ther2QB00 ft)
depth contour of the continental shelves. The axis of the platform extends northwest to southeast
approximately along the presedy west coast of the peninsula. The Florida Peninsula, from the
St. Maryds River to Key Wes tomthendahasnaFforkda near | y
line to the Atlantic coastline is approximately 595 km (370 mi).
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Figure 9i Paleogene to Quaternary stratigraphic chart of Florida showing the lithostratigraphic
units occurring in the shallow subsurface and at the surface € ebtt 2001).

20



PANHANDLE FLORIDA NORTHERN FLORIDA SOUTHERN FLORIDA
SYSTEM SERIES FORMATION HVDROST[!}:I':_IGRAPHIC FORMATION HYDROSTRATIGRAPHIC FORMATION Hvokos‘rmvmpmc
HOLOCENE
" Undifferentiated sediments £
—— i £ Undifferentiated sediments Miami Limestone 3
QUATERNARY LR TOEHIE Undifferentiated sediments % Anastasia Formation Key Largo Limestone ;
s | surficial surficial Anastasia Formation surficial g
s | aquifer aquifer aquifer | &
Citronelle Formation > | system system . ) ] system
Miccosukee Formation E Undifferentiated sediments T 2
PLIOCENE Jackson Bluff Formation | — Miccosukee Formation Tamiami Formation
Intracoastal Formation = Cypresshead Formation Long Key Formation
Alum Bluff Group 2 Hawthorn Group
Coarse Clastics
Coarse Clastics
N 5 e intermediato aquier gt intermeciato aquier
e n g ing| | Hawthom Group intermediate confining e
MIOCENE Hawthom unit Hawthom Group intermediate
Chipola Format confining
TERTIARY Bruce Creek Limestone it
St. Marks Formation St. Marks Formation
Chattahoochee Formation
g:mlmhm imesto Florid:
i ay Limestone loridan i 5
OLIGOCENE Marknratincion e Suwannee Limestone Floridan Suwannee Limestone .
Suwannee Limestone system aquifer Floridan
system aquifer
Ocala Limestone system
ﬁvoblg P:érk Fogaﬂon 'C\)ca!apl.;r&e:tone ” Ocala Limestone
isbon Formation von ‘ormation Avon Park Formation
EOGENE Tallahatta Formation Oldsmar Formation Oldsmar Formation
— _ _
CRETACEOUS
AND
OLDER

Figure 10i Hydrostratigraphic nomenclature chart (modified from SEGS, 1986).

Florida lies entirely within the Coastal Plain Physiographic Province as defined by
Fenneman (1938) and is the only state in the United States thabfajietely within the
Coastal Plain. Much of the surface of Florida shows the influence of the marine processes that
transported and deposited the later Tertiary, Quaternary, and Holocene sediments. Fluvial
processes, although more important in the pankeahdlive helped sculpt the entire state,
particularly during the lowstands of sea level, redistributing the marine sediments.

Karst processes have had a dramatic effect on the Florida landscape due to the near
surface occurrence of soluble carbonate rogkddle Eocene to Pleistocene carbonate
sediments are affected by karstification over large areas of the state. Siliciclastic sediments,
ranging in thickness from a 1 m (3 ft) to more than 61 m (200 ft), overlie the karstified
carbonates.

More than 700 gjings are recognized in Florida with the major springs occurring within
the karstic areas of the state (Scott et al. 2004). The vast majority of the springs are located in the
Ocala Karst District, the Central Lake District, and the Dougherty Karst PisindD(Scott
unpublished).

The general geomorphology of the Florida consists of east trending highlands in the
northern and western portions of the state and nsotith trending highlands extending
approximately twethirds the length of the penuls.. Coastal lowlands occur between the
highlands and the coastline that wraps around the entire state. The highest point in the state, 105
m (345 ft) above sea level, occurs in the Western Highlands near the Aidbanta state line
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in Walton County. Thre are several hilltops in the Central Highlands that exceed 91 m (300 ft)
msl in elevation. Florida has the distinction of having the lowest high point of any state in the
United States.

White et al. (1964) and White (1958, 1970) delineated the geomaylbdivisions that
most geologists working in the state recognize (see Schmidt 1997 for a review). Scott is creating
a new geomorphic map of the state (unpublished).
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Karst Features in Citrus County, Florida

By

Sam B. Upchurch, Ph.D., P.G.
SDII Global Corporation

Introduction

As notal by Scott et al. (this volume), Citrus County is located within the Ocala Karst
District. Karst is a SerbQ@roatian term for a dry landscape created by the dissolution of
limestone and similar strata. While Florida is not dry, many areas of the OcataDi&ret are
internally drained. In that sense, Florida karst, too, is an area with little surface water. The term
karst is applied to a series of landforms developed by the dissolution of carbonate rocks and, in
many cases, fprecipitation of carbonat@inerals as secondary cements and void fillings.

The process of karst development can be described by the following equation, which uses
dissolution of calcite in limestone as an example.

H,0 + €0, +CaC0; < Ca®** +2HCO;

Water and carbon dioxide combine in the atmosphere and adidsm carbonic acid (bCOg),
which dissociates to thnd HCQ'. It is the hydrogen that causes dissolution.

Dissolution drives the equation to the right, with rock (calcite) being dissolved and
dissolved calcium and bicarbonate being added to the whttre equation is at chemical
equilibrium, it is fully saturated with respect to calcite and neither dissolution nor precipitation
can occur. If, however, the equation goes to the left, the calcite precipitates and water and carbon
dioxide are released.h& mineral precipitation process is caused by removal of water or carbon
dioxide from the solution.

Karst Erosional Features

Karst erosional features are common throughout Citrus County, and many will be
observed in the Lecanto and Maylen quarries. Btk is substantially less soluble than calcite,
so karst features are rare in the dolostones of the AvonHeankation If the Red Level Quarry
were to be dained, you might sed¢extural and structural evidence of dolomitization and
development of cementvithin the dolomite sediment, but little or no true karst.

Sinkholes, Uvalas, and Poljes

On a large scale, the features commonly associated with karst abound in Citrus County.
Perhaps the most notorious karst features are sinkholes, or dolines. &nikigure 1) range
from simple, nearly conical depressions to complex shapes caused by coalescence of multiple
sinkholes into one depression. The latter, coalescent sinkholes are known as uvalas in karst
terminology (White, 1988; Ford and Williams, 198%he arrow in Figure 1 illustrates an heur
glassshaped uvala near the center of the map. If the coalescent sinkhole complex becomes filled
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with lacustrine or wetland sediments so that it has a flat floor, it is known as a polje. Lake Tsala
Apopka, which $ located on the eastern county line, is an example of a polje.
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Figure 1i Topographic map of the Lecanto area of Citrus County. Note thedexdloped
closed depressions (sinkholes) and conical hills.
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Conical Hills

Between the sinkholes tleeare weHldeveloped conical hills (Figure 1). In the Lecanto
area, these are remnants of the upland portions of the Brooksville Ridge. Conical hills are a
common landform in tropical karst areas (White, 1988; Ford and Williams, 1989): Well
developed conal hills are uncommon in the karst terrains of Florida, but they are very well
developed in the Lecanto area.

Other karst erosional features you will see in the quarries include openings caused by
dissolution of rock that range in size from vugs to caverpikarst, idfilled sinkholes, fractures,
and pinnacles.

Vugs and Caverns

Vugs and caverns are common in the Lecanto and Maylen quarries (Figures 2 and 3).
They may, or may not be filled with sediment or cave decorations (flowstone, stalactites, and
stalagmites). Figure 2 illustrates a cavern that has been open at the Maylen Quarry for many
years. If water actively flows through a cavethe turbulent flow often causes fluted and
scalloped surfaces on the cavern walls (Figure 3). Curl (1974) dededoprry to estimate the
flow velocity based on scallop measurements in caves.

Figure 2i A small cavern on the west wall o Figure 3i Interior of a cavern exposed in th
the Maylen Quarry (photograph by S. 1990s in the Lecanto Quarry. téahe fluting
Upchurch). andscalloping of the cave wallsltptograph
by S. Upchurch).

Epikarst

Epikarst is a term applied by karst scientists to the upmest horizon of a limestone or

dolostone stratum that has been subjected to weathering. The epiteast includes a number

of artifacts of dissolution and, where precipitation and weatele fluctuations are seasonal,
reprecipitation of calcium carbonate. Some artifacts of epikarst development include
development of highly permeable rubble zones, voidseatvater table, variability in the amount
of dissolution and/or precipitation and recrystallization of the carbonate materials, variability in
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the thickness of the weathered zone, variability of the elevation of the upper surface of the
carbonate rocknicluding pinnacles, depressions; and mixing of the underlying carbonate
material with the sediments that overlie the epikarst if it is covered (Klimchouk, 2004).

Figure 4 shows an excellent example of epikarst development. This quarry fans inesthe

Lower Oligocene&Suwannee Limestone at the Vulcan Mine, northwest of Brooksuville, in
Hernando County. Here, the epikarst consists of two horizons: an upper rubbly and soft zone and
a lower, relatively soft zone with caverns and somewhat enhanced pdxugéythat there are

two elevations with small voids developed in a mordess planar configuration. These formed

by dissolution of the limestone at two different positions of the water table.

The pore space in the rubble zone and in the cavern o jlgreenish clay derived from the
overlying Hawthorn Group sediments. The fact that theserathysediments are green suggests
that the clay entered the cavern and porosity of the rubble zone during Hawthorn time or shortly
thereafter. If they were hag introduced today, the colors would be reddish owing to oxidation

of the ferrous iron in the smectite clay. Some of the reddish tint in the upper rubble zone is
caused by infiltration of ferric hydroxide and weathered clay into the pore space of tleeimubb
more recent times. Epikarst is moderatewell-developed in both the Maylen and Lecanto
quarries. Look for rubble zones near the top of the rock.

Clay-
Clay-filled filled
rubble zone ;
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Flgure 4| Example ef eplkarst features exposed in the Vulcan Mme near Brookswlle Her
County (photograph by T. Scott).

In-Filled Sinkholes
In-filled sinkholes are common sights at both the Maylen and Lecanto quarries (Figure 5). Look

for depressions in the upper rock surface and the presence of rubble and clayey sand with reddish
coloraton. It is common to see large blocks of limestone that have fallen into the depression in
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the limestone, and clayey and sandy sediments and soils derived from the Hawthorn Group
residuum and Pleistocene dune/marine terrace sand fill the depressions.

Pinnaclesand Cutters

The upper surface of epikarstic carbonate rock is commonly sculpted by running water and
differential dissolution. The features, known as karren, developed on the upper surface vary in
geometry and orientation (White, 1988: Ford and \afitis, 1989) depending on how infiltrating
water flows over, and into, the underlying rock. In Florida, most forms of karren are rare or
absent because the limestones have high porosity and water infiltrates into the rock rather than

Lk v i 1 & N e el ot S S R SES e RO SN 19 e I e e e e e e T
Figure 5i Infilled sinkhole on the west wall of the Maylen Quarry (photograph by S. Upchu

flowing across the uppeaurface.

One form of karren, pinnacles and cutters, is widespread, however. This is because they are
formed by water infiltrating into the limestone agifferentially dissolving away portions of the

rock. Pinnacles are the positive features that remain after the limestone has been dissolved away
The adjacent, low areaseknown as cutters. Pinnacles are well documented throughout the

Ocala Karst Distrit They are best observed in quarries, but they are commonly encountered
when drilling, as well. Pinnacles as high as 40 to 50 feet are known.

The pinnacles shown in Figure 6 have been emphasized by the quarrying process. They are well
lithified and quarying has excavated the softer limestone adjacent to them. Not all pinnacles are
so well cemented, but they commonly do exhibit different hardness and penetration resistance
than the intervening limestone and siliciclastic fill.
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Figure 6i Pinnacles irthe Ocala Limestone on the east wall of the Maylen Quarry (photog
by S. Upchurch),

Fractures

While fracturesare not true karst features, yhe
play an important role in karst development.
Fractures in Florida are joints and cracks in the
rock caused by minor tectonic and edrtie
stresses. Since they are cracks, water can
differentially flow through them and cause
dissolution of the adjacenbck, which is a karst 3
process. Figure 7 is an example of fractures in the
Ocala Limestone at the Lecanto Quarry that have'
been enlarged by dissolution. Note that the TN
fractures are essentially straight up and down, a .
common vertical orientation for joingsd g
fractures. Spatially, Florida fractures occur in sets,;&. .
with northeassouthwest and northwesbutheast . = =

3

AR
spaced about a me

axial orientations. An often less well developed, - igue ' Fracu're_
north-south set is commonly observed, as well. apart from the Lecanto Quarry
There was a prominent fracture that extended (photograph by S. Upchurch).

throughthe Lecanto Quarry in an almost nerth

south orientation prior to todayodos extensive
fracture to study the geophysical properties of fracture traces in Florida. Their study area was
located on the Crystal Riveru@rries, Inc. property just south of the quarry and centered on the
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fracture as it was exposed in the quarry. The fracturing shown in Figure 7 was part of that large
fracture trace.

Springs

Finally, springs are an important karst feature in Citrus Cougyeral first magnitude
(mean discharge > 100 cubic feet per second) and many smaller springs are located within Citrus
County. The first magnitude springs include the spring group complex located in and near Kings
Bay (Jones and Upchurch, 1994nd Chasahowitzka, and Homosassa sprirsgaith of the
community of Crystal RivefJones et al., 1977).

The springs themselves are former sinkholes connected to springsheds that originally
developed when sea level was lower. Today, these springs drain most wf Cadunty.
Recharge to the springsheds is through the closed depressions in the interior of the county and
from the Withlacoochee River along the county line to the east.

Karst Depositional Features

The Lecanto and Maylen quarries are locally famaws cllcite crystals, which are
represented in museum mineral collections worldwide. In recent years, quarrying has moved into
strata where calcite crystals are uncommon, and collecting has been poor, but in the 1970s and
80s, collecting was spectacular. Gur field trip, you will have the opportunity to see thin crusts
of calcite crystals and, perhaps, some flow stone. Coarse crystals are also present, so keep your
eyes open!

There are at least two mechanisms that causehémicalreaction discussed ab®wo
move to the left. You will see examples of the products of each of these two processes (carbon
dioxide degassing and water evaporation) on the trip.

Figure 8- Calcite specimen from wesentral  Figure 9- Calcite crystaldormed at the water
Floridashowing wellcrystalized, limpid tablein limestone, westentral Florida

crystak (from the collection of TScott). (photograph by T. Scott).

If calcium-bicarbonateich water enters a (1) cavern or the vadose (unsaturated) zone or
(2) a spring(Starks, 1986), where pressures are being released, carbon dioxide gas may escape
and cause precipitation of clear, well crystalized calcite (Figure 8). This process is slow and
provides time for crystallization of the clear, willmed crystals. Figur@ shows the effects of

35



carbon dioxide degassing at the water table. Note that above the position of an ancient water
table (arrows, Figure 9), the calcite is in the form of flowstone draperies. Below the old water
table position, welformed crystals haveeveloped. The flowstone draperies formed by water
evaporation, which happens quickly and does not allow for the development dbrwedd
crystals. Normally, during evaporation, the calcite crystals are bundles esfiped crystals or
equant grains focalcite. Below the water table, crystals formed because degassing of carbon
dioxide from the water caused calcite precipitation.

Summary

There are few locations in Florida where one can observe the results of dolomitization
and karstification.

In the Red Level Mine you will see dolostone dredged from Nhddle Eocene Avon
Park Formation. Look for massive dolostone, sucrosic dolostone, moldic dolostone, and rare
nodules of siksized dolomite cemented by calcite. Some of the latter have crude casitd c
shapes. Plant fossils will be very evident as black to dark gray inclusions within the dolomite.

At the Maylen Pit you will see epikarst, pinnacles, caves, affiled sinkholes. Calcite
crystals and flowstone are also present.

At the Lecanto Mineyou will see the same, plus Avon Park dolostone and the more
massive lower Ocala Limestone. Look for crusts and weathering surfaces exposed in rocks from
the epikarst.
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GEOLOGY

TheCrystal RiverQuaries, Inc. mines, which are located in Citrus Couhtgrida,
producdimestoneand ddostoneminedfrom theMiddle Eocene Avon Park Formation (Red
Level mine) and th&Jpper Eocene Ocala Limesto(Maylen and Lecanto mines) (Figure 1).
Occasional remnants tiie Lower Oligocene Suwannee Limestageur in the Maylen and
Lecanto minesThe Siwannee Limestone is overlain by undifferentiated sediments consisting of
weathered remnants of the Miocene Hawthorn Group and younger sediments, including dune
sands.
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Figure 17 Locations of the Red Level, Maylen, and Lecanto quarries, Citrus
County, Florida.
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Frgure 2| Vrews of the Red Level Quarry in northern Citrus Coursf;eFlgure 1)
Photographs by S. Upchurch

‘t,fﬁ’

Figure 3| Vuggy, moldlc dolostone Rec l‘ Figh-ré 47 Finegrined,’ ucrosic
Level Mine. Scale is 1 cm. Photograph t dolostone with abundant, carbonized ple
S. Upchurch. fossils, Red Level Mine. Scale is 1 cm.

Photograph by S. Upchurch.
Middle Eocene- Avon Park Formation

The Middle Eocene Avon Park Formation was originally described by Applin and Applin
(1944). Intheir description they identify a distinctive microfaunal unit that underlies the Ocala
limestone and proposed the name Avon Park limestone. They also described and named the
Lake City limestone which the Avon Park limestone rests directly on (Applil\pptin, 1944).
Since the original description of these units was based on fossil assemblages and on limited well
coverage, Miller (1986) proposed abandoning the Lake City limestone terminology and
incorporating all of the cream to brown pelletal limestand interbedded brown to cream
dolomite of middle Eocene age in peninsular Florida and southern Georgia into the Avon Park
Formation. Miller also proposed a reference section for the Avon Park Formation as being the
interval between 221 and 1,190 feetdw land surface in the Coastal Petroleum Company
Number 1 Ragland well (FGS W# 1537).
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The Avon Park Formation consists of cream to tan colored soft to well indurated, pelletal
and micritic limestone and dolostone (Miller, 1986). In Citrus and Leuptoes Vernon (1951)
recognized three general lithologic types within the Avon Park Formation including: 1) a cream
to brown, highly fossiliferous, moldic limestone that weathers to white and purple tinted hues; 2)
a cream to brown, pasty and fragmentaitglecked and seamed fossiliferous limestone; and 3)
tan to brown, thirbedded and laminated, very finely crystalline marine dolomite.

The Avon Park Formation is underlain by the Lower Eocene Oldsmar Formation and is
overlain by the Upper Eocene Ocalmestone. In cores and cuttings it is sometimes difficult to
distinguish between the overlying and underlying units and the distinctive fossil fauna becomes
an important diagnostic tool. Although the fossil fauna is not an accepted method for
recognizng lithostratigraphic units, the Avon Park Formation does contain a number of index
fossils that aid in its identification. The ceskaped foraminife€ushmania americana
(Cushman, 1919) and the small echindeblaganum dall{Twitchell, 1915) are foundnly in
the Avon Park Formatio(Figure 5) Other fossils found in the Avon Park Formation include
carbonized plants (fossil sea grass and leaves), echinoids, mollusks, foraminifera, ostracods and
algae.

The environment of deposition for the Avon P&demation has been interpreted to be a
mix of nearshore, supratidal to shallow subtidal marine environments. The presence of terrestrial
leaf fossils suggests that the Avon Park Formation was deposited in close proximity to a
shoreline and may represertirae when sea levels were low enough for land to be exposed on
the Florida Platform for the first time in the Paleogene. In the lower part of the Avon Park
Formation gypsum becomes an accessory mineral and is evidence for deposition in a tidal flat or
armother restricted marine environment conducive to the deposition of evaporite minerals. This
may have also facilitated the deposition of dolomite which is commonly found in the Avon Park
Formation.

Lo close-up
saail Of cellules

Figure 517 Cushmania americanand Neolaganum dallifrom the Avon Park Formation.
Courtesy of FLMNH.
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Upper Eocene- Ocala Limestone

Dall and Harris (1892) referred to the limestones exposed near Ocala, Marion County, in
central peninsular Florida as the Ocala Limestone. Puri (1953, 1957) elevatedallae Oc
Limestone to group status recognizing its component formations on the basis of foraminiferal
faunas (biozones). Scott (1991) reduced the Ocala Group to formational status in accordance
with the North American Stratigraphic Code (North American Comomssn Stratigraphic
Nomenclature, 1983).

The Ocala Limestone (Figure) &onsists ofnearly pure limestones (Figure and
occasional dolostones. It can be subdivided into lower and upper facies on the basisgylithol
The lower facies (Figure)8s composed of a white to creamolored, fine to medium grained,
poorly to moderately indurated, very fossiliferous limestone (grainstone and packstone).

Figure 61 Exposure of the Ocala Limestone in the
Maylen Mine. Note the karst features. Photpgray S.
Upchurch.

Figure 71 Massive, hard Ocala Limestone with vuggy
porosity partly filled with flowstone at the Lecanto
Quarry. Scale is 10 cm. Photograph by S. Upchurch

The lower facies may not be present throughout the areal extent of theLdeastone
and may be partially to completely dolomitized in some regions (Miller, 1986). The upper facies
is a white, poorly to well indurated, poorly sorted, very fossiliferous limestone (grainstone,
packstone and wackestgneSilicified limestonds common in the upper facies (Figuré. 9

Figure 81 Lower facies of the Ocala Limestone expos
in the Lecanto Quarry. Photograph by S. Upchurch

Figure 91 Chert nodule consisting of Ocala Limeston
that has been replaced by microcrystalline quartizen
Maylen Quarry. Photograph by S. Upchurch.
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