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SYNOPSIS OF 1981 SEGS FIELD TRIP
10/23/81 and 10/24/81

Friday, October 23

The first day of the 1981 SEGS field trip will feature an 8-mile
canoe trip on the Suwannee River. The Alapaha Rise, artesian Floridan
Aquifer springs, sandbars, and Oligocene and Miocene outcrops will be
visited. Terry Burnson, Suwannee River Water Management District (SRWMD)
hydrogeologist will guide the trip.

Participants in the canoe trip will leave the Telford House Hotel in
White Springs at 10:30 AM. The route to the put-in spot follows SR 136
west into Live Oak for 15 miles, then northwest 12 miles on SR 249 to the
river (county map, facing page). At this point, Terry Burnson will present
an overview of the hydrology of the Upper Suwannee River Basin.

The group will return to the hotel around 5:00 PM. The annual banquet
will begin at 7:00 PM,

Following the meal there will be a presentation by Dave Fisk, Director,
Department of Water Resources, SRWMD, concerning the development of sinkholes,
springs, and caves in the field trip area. A review of previously mapped
lineaments, fracture traces, and regional structural features when compared
to the dominant trends of subsurface cave development .establishes close
correlation between karst development and structure in the area. Dave's
presentation will show photographic examples of solution along vertical
joints or fractures and horizontal bedding planes in local underwater
caves. Several planametric maps of local underwater caves will be presented

to reinforce the correlation to regional structural trends.

Saturday, October 24

Buses will leave ‘the Telford House at 8:00 AM on Saturday. Stop 1l

is 27 miles northwest of White Springs off US 41, This stop features a
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steep-sided sinkhole on Hamilton Turpentine Company property. Mike Knapp,
hydrogeologist with South Florida Water Management District will discuss the
geologic setting of this area. Rick Copeland, hydrogeologist with the

SRWMD will ,discuss the mature karst features that will highlight the day's
trip.

The sinkhole is approximately 80 feet deep and displays the Hawthorn
section. Prior to descending into the sink, Tom Scott, geologist with the
Florida Bureau of Geology will describe the characteristics of the Hawthorn
Formation in the field trip area,

From the sinkhole, we will travel 1 mile to the banks of the dry
Alapaha River. Stop 2 is a 1% mile hike down the dry river bed. There are
numerous streamsinks in the river bed. The hike veers down Dead River
for % mile. Dead River is a distributary of the Alapaha that ends in a
streamsink on the property of Ronald Mathis (Stop 3). Dead River exposes
an excellent section of basal Hawthorn. This streamsink accepts up to
750 CFS (485 MGD) of Alapaha River water.

We will lunch at Stop 3.

From here we will travel 8 miles southeast along US 41 and SR 6
to Tiger Creek (Stop 4), a disappearing stream on Billy Pennington's property.
This is a fine example of a surface stream in the Highlands that descends
the Cody Scarp and goes underground at the toe of the scarp. At this
stop, Ron Ceryak, hydrogeologist with the SRWMD will discuss how the Cody
Scarp 1is a transition zone between the hydrogeologic units in this area.
Dennis Price, a geologist with Occidental Chemical Company, will expound
on paleo-karst features that he encounters while mining phosphate in
Hamilton County.

From Tiger Creek we travel 10 miles along back roads to the Alapaha

Rise, the alleged resurgence of the Alapaha River (Stop 5). This resurgence



is a first magnitude spring with a range of flow from 294 to 1043 CFS
(190 to 675 MDG). Terry Burnson will summarize the hydrology in the Upper
Suwannee River Basin at this stop. Following Terry's talk will be a presen-
tation by Sheck Exley. Sheck is a highly experienced certified cave diver
who has dived sinks and springs throughout the United States and abroad.
He has dived in every spring, sink, or resurgence in North Florida that has
been available and has been 240 feet deep in the Alapaha Rise.

The Alapaha Rise is the final stop of the trip. A 27 mile return

ride to White Springs will get us back to the Telford House.
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GEOLOGIC SETTING

by Mike Knapp
South Florida Water Management District

The fiel& trip area is located within the eastern segment of the Gulf
of Mexico sedimentary basin. Pressler (1947) divided the sediments on the
eastern flank of this basin into the North Florida Province and the South
Florida Province by a general line running from Levy County northeast to
Nassau County, Florida. The North Florida Province is composed predomi-
nantly of terrigenous, clastic sedimentary rocks; and the South Florida
Province is dominated by carbonate sedimentary rocks. Although the field
trip area is located north of the boundary drawn by Pressler, the sediments
are principally carbonates. Chen (1965) pointed out that the boundary
between these two provinces shifts geographically through geologic time
and this region of Florida should be considered to be within a transition
zone between the two provinces.

The Florida Peninsula has been divided into three distinct geomorphic
zones by White (1970). These zones are the Southern or Distal Zone, the
Central or Mid-peninsular Zone, and the Northern or Proximal Zone. The
low-lying, flat lands of the Distal Zone are markedly different from the
undulatory surface of the Central and Northern Zones. The Northern Zone,
in which the field trip is located, is characterized by a continuous, broad
upland that extends from the northern segment of the peninsula to western
Florida. The major physiographic divisions within the area are the Northern
Highlands and the Gulf Coastal Lowlands. The physiographic map (Figure 1)
shows that the Northern Highlands almost entirely encompass the field trip
area. They are separated from the Coastal Lowlands by what has been
described as the most "persistent topographic break in the state'" by Puri

and Vernon (1964). This escarpment is called the Cody Scarp and correlates
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roughly with the 100 to 110-foot topographic contour. Its continuity is
broken by the Suwannee, Withlacoochee and Alapaha Rivers.

There are three marine terraces recognized within the Upper Suwannee
River Basin. These are the Wicomico (70' to 100' elevation), the Okefe-
nokee (100' to 170' elevation), and the Coharie (170' to 215°' elevation)
(Healy, 1975). The Wicomico Terrace extends up all of the major river
valleys and is part of the Gulf Coastal Lowlands. The Okefenokee Terrace
forms the higher elevations surrounding these river valleys, and the Coharie
Terrace is represented by the Lake City Ridge (Figure 1).

The four major structural elements within and bordering the field
trip area are the Peninsular Arch, the Ocala Uplift, the Southeast Georgia
Embayment, and the Suwannee Strait or Saddle (Figure 2). The Peninsular
Arch is a totally subsurface structural feature that extends down the
Florida Peninsula from southern Georgia to southeastern Florida. Applin
(1951) concluded that the Peninsular Arch had been a dominant subsurface
structure since Paleozoic time and owes its present configuration to
regional movements during the Mesozoic and Cenozoic. The Ocala Uplift is
the major surficial structural feature in Florida, and it lies on the
southwestern flank of the Peninsular Arch. It was documented and described
by Vernon (1951) as "an anticline that developed in Tertiary sediments as
a gentle flexure, approximately 230 miles long, and about 70 miles wide
where exposed in central peninsular Florida." He showed the structure to
be active from Late Eocene and Early Miocene time. The Southeast Georgia
Embayment (Toulmin, 1955) is a downwarped area lying to the north and east
of the Peninsular Aréh, The Suwannee Strait (Dall and Harris, 1892)
borders the Peninsular Arch on the north and was an effective barrier to
clastic deposition in both Mesozoic and Cenozoic time. Applin and Applin

(1967) used the term "Suwannee Saddle" in describing this area and designated



Figure 2. Major Structural Features of North Florida and Southeast Georgia.
(Modified from Chen, 1965, and Schmidt, et al., 1980)
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it as "a subsurface syncline that extends about 200 miles in a broad arc
from southeastern Georgia to Jefferson, Leon, and Wakulla Counties in
north-central Florida, bordering the Peninsular Arch on the north and
northwest.'" They interpreted the feature as an upwarped barrier during
Late Cretaceous time and concluded that widespread tectonic movements

in the Tertiary in the Coastal Plain of Georgia and the Floridan Peninsula
resulted in the relative depression of the upwarped feature due to uplift
of the areas north and south.

Figure 3 depicts the stratigraphic units which exist in the field trip
area. The outcropping formations range in age from Oligocene to Recent,
From oldest to youngest they are; the Suwannee Limestone, the St. Marks
Formation, the Hawthorn Formation, and the undifferentiated Marine Terrace
Deposits. The Eocene and older stratigraphic units are restricted to the
subsurface,

The term "Suwannee Limestone" was established by Cooke and Mansfield
(1936) for limestone exposures along the Suwannee River from White Springs

to Ellaville containing the echinoid Ryncholampas (Cassidulus) gouldii.

The Suwannee Limestone crops out along the Withlacoochee River from near
the Florida and Georgia border to the confluence with the Suwannee River
and along the Suwannee River from White Springs to Ellaville. The Suwannee
Limestone is normally found as a very pale orange, moderately indurated,
very porous calcarenite with numerous foraminifera, mollusks, and echinoids
present, Colton (1978) recognized another major lithology of the Suwannee
Formation within northern Florida and described it as "a dense," hard,
resonant limestone composed of foraminiferal tests completely embedded in
dense crystalline calcite." Other minor lithologies associated with this
formation include silicified limestone, dolomite, and sublithographic

limestone. The Suwannee Limestone can be differentiated from the overlying



FIGURE 3. STRATIGRAPHIC NOMENCLATURE FOR GEOLOGIC FORMATIONS IN THE FIELD TRIP
AREA (from Ceryak, et al., 1981).
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St. Marks Formation by its lack of sand, more granular texture, and charac-
teristic faunal content. The underlying Crystal River Formation is much
more micritic and has a distinctive fauna.

Puri and Vernon (1964) described the Chattahoochee and St. Marks
Formations as comprising the Tampa Stage (Lower Miocene). The St. Marks
Formation in the field trip area is a very pale orange, sandy, silty,
occasionally fossiliferous, and micritic limestone. It occurs infrequently
along the northern Withlacoochee River and in deep sinkholes in western
Hamilton County. This formation is thin, discontinuous and only occurs
as erosional remnants east of the Alapaha River.

The Hawthorn Formation is named after the town of Hawthorne located
in Alachua County, Florida. Dall and Harris (1892) were the first authors
to use the term "Hawthorne Beds'" when referring to phosphatic limestone
being quarried and ground for fertilizer near the town of Hawthorne,
Florida, The Hawthorn Formation is exposed continually in the banks of
the Suwannee River from the Florida-Georgia border to White Springs and
intermittently from White Springs to the confluence of the Alapaha River.
Puri and Vernon (1964) concluded that these beds in this area presented
the most diversified lithofacies of the Hawthorn Formation. This unit occurs
as a mixture of phosphatic clayey sand, pale blue green clays, and phos-
phatic sandy limestones and dolomites.
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MATURE KARST FEATURES
IN NORTH CENTRAL FLORIDA

by R. E., Copeland
Suwannee River Water Management District

White (1970) and Puri and Vernon (1964) divided the state into
geomorphic divisions. The two major divisions in the SRWMD are the
Uplands and the Lowlands.

The Uplands are generally composed of clastic sediments and are
younger than the underlying carbonate material. The sediments are of
Miocene to recent age. In the SRWMD the Uplands can be subdivided into
the Northern Highlands and the Tallahassee Hills. The Northern Highlands
extend across the northern and eastern portion 6f the SRWMD to the Withla-
coochee River (Figure 1, p. 2). Sands, clays, and carbonate beds of the Haw-
thorn Formation comprise the main geologic unit of the Northern Highlands. The
Hawthorn Formation is capped by post-Miocene sands. The topography of the
Northern Highlands is generally flat. Elevations are greater than 100 feet
above mean sea level (MSL) while elevations of between 150 and 200 feet
above MSL are found near Lake City, Live Oak, and Jennings (Figure 1, p. 2).
Streams flow in shallow channels that are essentially at or near the level of
the surrounding terrain. Within the SRWMD the Tallahassee Hills extend across
Madison and Jefferson Counties. These hills are not only made up of the
Hawthorn Formation, but they also include the Miccosukee Formation which
is predominantly composed or red to brown sands and clays. Post-Miocene
sands can be found in the valleys that separate the hills. Post-Miocene
sands also cap some of the hills. Elevations are commonly 100 to 200 feet
above MSL.

Limestone units are at or near land surface in the Lowlands. Solution
of these carbonates has resulted in the development of a karst plain,

The outcropping limestone units are of Eocene, Oligocene, and Miocene age.
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The Lowlands in the SRWMD are defined by elevations lower than 100-110
feet above MSL. The karst terrain has some surface runoff, but most
drainage is vertical through sinkholes. In most areas the region is
covered with a veneer of post-Miocene sands and clayey sands.

The Upland-Lowland delineation is marked by a well-pronounced
escarpment known as the Cody Scarp. Within the SRWMD, the crest of this
escarpment varies between 100 to 150 feet above MSL; and the toe varies
between 45 and 100 feet above MSL. The escarpment, in general, coincides
with the Wicomico Terrace of Healy (1975). 1In the field trip area the scarp
typically coincides with the 100- to 110-foot topographic contour. Over
most of the SRWMD this contact between the Uplands and the Lowlands is
represented by a belt 4 to 15 miles wide that is characterized by mature
karst features. These features include dolines, collapse sinks, sinkhole
lakes, and disappearing streams. The greatest relief in the SRWMD is found
in this zone. Lawrence and Upchurch (1976) referred to this belt as the
Transition Region (Figure 4).

The Northern Highlands typifies Cvijic's classification (Thornbury,
1969) of youthful karst development. Youth is marked by the initial develop-
ment of dolines. The topography is generally flat with a few scattered
sinkhole depressions., Examples of such depressions are Ocean Pond in Baker
County, Lake Butler in Union County, and Dexter Lake in Suwannee County
(Figure 4), Many small, circular, unnamed ponds and depressions can also
be found in the Northern Highlands.

Unlike the Northern Highlands, immature karst features in the
Tallahassee Hills are rare. Apparently the Miccosukee Formation is less
resistant than the Hawthorn Formation. Erosion, rather than solution,

has played the more dominating role in the development of the physiography



Figure 4. Transition Region Deplcting Mature Karst Features Bordering the Northern Highlands.
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in this portion of the Northern Highlands. Karst features (mature karst)
are found, however, throughout the Tallahassee Hills. Maximum relief is
generally achieved during the mature karst cycle. Mature karst features
in the Tallahassee Hills are typified by sinkholes that spread, unite, and
form solution valleys.

Mature karst is not only found in the Tallahassee Hills but is also
found in the Transition Region. In fact, the most "spectacular" karst
features in the SRWMD can be found in the Transition Region of Hamilton,
Suwannee, Columbia, and Alachua Counties. Disappearing streams and springs
are common. Little Alapaha Sink, Mathis Sink, Little River Sink, Clay Hole
Creek Sink, Rose Creek Sink, 0'Leno Sink, Alachua Sink, Mill Sink, and
Sanchez Prairie (Figure 4) all represent the terminus of disappearing streams.
Alapaha Rise, White Springs, Ichetucknee Springs, Hornsby Springs, and Columbia
Springs represent first or second order springs located in the Transition
Region. MNumerous sinkhole lakes are present. Al least two of these lakes--
Alligator Lake and Mills Pond--periodically drain through smaller sinkholes
in the bottom of the lakes,

Karst features in the Lowlands are typically mature. However,
collapse sinks and disappearing streams are rare. Swinnerton (1929)
speculated that the water table in a karst terrain greatly influences the
development of karst features. A shallow water table restricts the develop-
ment of deep and steep-sided sinkholes. The water table in the Lowlands
is generally at or near land surface., Therefore, the formation of the steep-
sided collapse sinks is not as common in the Lowlands as it is in the
Transition Region. Swinnerton's theory also explains why disappearing
streams are rare in the Lowlands. Disappearing streams in the SRWMD
typically drain through collapse sinks or eresional sinks.

In general, karst features are more mature in the Lowlands than in the
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Uplands. An exception to this is the San Pedro Bay in Taylor and Lafayette
Counties (Figure 1, p. 2) where immature karst features are present. The
Bay represents a region where a thin--generally less than 5 feet thick--
clay layer ovenlies the limestone bedrock. The clay has restricted downward
percolation of surficial water. Immature karst features similar to those

found in the Northern Highlands predominate in the Bay.

Law Sink, Stop 1

Law Sink (Figure 4) in Hamilton County is an example of a collapse
sink., The walls of the sink expose the Hawthorn Formation and unnamed
post-Miocene sands. The sink is steep-sided and has resulted from the
collapse of the roof over an underground solution opening. The roof in this
case is the dolomitic member (Tom Scott, p. 22) of the Hawthorn Formatiom.
The dolomitic member is a resistant bed with vertical walls approximately
20 to 25 feet below the top of the sink. A small cave is present in the
central clastic member (Tom Scott, p. 22) of the Hawthorn Formation on the
southern wall of the sink immediately below the dolomitic member.

Erosional features can be seen in the upper portion of the central clastic
member over the entire circumference of the sink.

The material at the base of the sink belongs to the Hawthorn Formation
(Tom Scott, p. 20). In the vicinity of Law Sink the Hawthorn Formation
overlies the St. Marks Formation., The St. Marks Formation is the upper-
most unit of the Floridan Aquifér in this region of Hamilton County. The
St. Marks is estimated to exist some 10 to 30 feet below the bottom of
the sinkhole.

A small stream exits the cave in the central clastics member and
flows to the bottom of the sink. The stream flows over slump material that
is present in the bottom of the sinkhole. The stream flows into a swallow

hole at the bottom of the sink and drains into the Floridan Aquifer. The
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origin of the water in the cave of the central clastics member is from the
surficial aquifer (Figure 7, p. 26). The direction of groundwater flow in
the surficial aquifer is toward the Alapaha River--northeast of Law Sink.

At Law Sink the supporting material for the surficial aquifer is the top

of the dolomitic member. Ground water seeping from above the dolomitic
member and entering the sinkhole can plainly be seen over the entire circum-
ference of the sink. It is speculated that a permeable zone or possible
fracture in the dolomitic member exists to the south of law Sink. This
permeable zone or fracture acts as a conduit for ground water. Ground water
flows through the conduit and enters the cave in the central clastics member.
From the cave the water flows to the bottom of lLaw Sink and enters into

the Floridan Aquifer.
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THE HAWTHORN FORMATION OF NORTH FLORIDA

by T. M. Scott
Florida Bureau of Geology

The Hawthorn Formation in the southeast is probably one of the most
misunderstood units in the stratigraphic section. Such glorified terms
such as "a garbage can" and."F.U.B.A.R." (Fouled Up Beyond All Recognition)
have been applied to it. The confusion as to what actually constitutes the
Hawthorn Formation is readily understood since the variability of the
sediments is the rule rather than the exception.

The sediments of the Hawthorn Formation consist of widely warying
mixtures of clay, quartz sand, carbonate and phosphorite. A bed of any
one end member (i.e., pure clay) is not common but does occur. The most
common lithologies encountered in the Hawthorn are dolomitic clayey sands,
clayey and/or sandy dolomites and dolomitic, sandy clays.

Phosphorites are virtually ubiquitous throughout the Hawthorn
sediments., The occurrence of the phosphorites is the most important
lithologic factor in the identification of the sediments grouped in the
Hawthorn. It is, however, not the only factor involved since phosphatic
material is commonly reworked into the overlying post Hawthorn unit,

The phosphorites occur primarily as allochemical grains. These
can be divided into pelletal form and intraclasts, The pelletal grains
are the dominant phosphorite form in the Hawthorn of this area. They are
sand sized and generally well rounded with smooth to polished surfaces.
These grains contain varying amounts of microscopic inclusions disseminated
throughout (Riggs, 1979a). The inclusions are dolomite rhombs, microfossil
debris, and terrigenous clastic material., Riggs (1979a) suggests that the

pelletal phosphorites were formed by benthic organisms ingesting the phos-
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phorite mud along with the included contaminants and excreting these as
fecal pellets. The pelletal phosphorites are generally black to dark gray
but range to tan and white in more weathered and/or reworked sections. The
lighter colors are generally found higher in the section near the upper
Hawthorn boundary.

Phosphatized skeletal debris and oolitic or pseudo-oolitic grains
are also found in the Hawthorn Formation. Jim Miller (USGS, personal communica-
tion) reports oolitic phosphate grains in the Hawthorn under the Osceola
National Forest.

Phosphatic intraclasts occur scattered throughout the section. Two
types of intraclasts are recognized. First, are the phosphorite intra-
clasts which Riggs (1979a) describes as fragments of penecontemporaneous
phosphorite sediments that have been torn up and redeposited. The intra-
clasts are abraded, rounded and somewhat irregular shapes. In some of the
intraclasts, remnants of original bedding may be seen. Smaller intra-
clastic grains may be difficult to separate from the pelletal forms.

The second type of intraclasts are phosphatized dolomite intraclasts.

These intraclasts show a zoned replacement of dolomite by phosphate.
The zonation trends from unreplaced dolomite in the interior to replacement
phosphorites at the outer edges. They are irregular and abraded with some-
what rounded to very rounded edges. This type of intraclast is most common
in the lower Hawthorn dolomites.

Many "rubble" zones occur scattered through the Hawthorn Formation.
These zones consist of phosphorite and dolomitic intraclasts incorporated in
a soft matrix of sand, clay and dolomite. They appear to represent periods
when the phosphate and carbonate muds were able to accumulate, become semi-
lithified to lithified, then ripped up and redeposited. The clasts commonly

are bored by pelecypods and show varying degrees of abrasion.
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Phosphorite concentrations in the Hawthorn range from zero to greater
than forty (40) percent. The higher concentrations are uncommon. Average
phosphorite concentrations in the Hawthorn range from 5 to 10 percent
based on visual estimates. Reworked Hawthorn sediments form beds that may
contain phosphorite in concentrations of 30 to 40 percent.

The carbonate component of the Hawthorn Formation is composed
predominantly of dolomite. However, limestone and micrite occur sporadically,
both in a vertical and lateral semse, throughout North Florida. In general,
limestones account for less than 5 (five) percent of the total Hawthorn
carbon;tes.

Dolomite is common throughout the Hawthorn Formation. It occurs
not only as a primary lithology but also as a matrix material in other
lithologies. As a result, dolomite is found in virtually the entire
Hawthorn section. Lithologies not containing dolomite are rare but do
occur, particularly as clays.

Dolomitic sediments in the Hawthorn range from poorly consolidated
to well indurated and contain widely variable amounts of sand, silt, clay
and phosphate, They can be subdivided into two basic categories, dolosilts
and dolomites. Although they are both composed of the mineral dolomite
and are gradational with one another, they form two identifiable lithologies
and will be discussed separately.

Dolosilts are composed of silt-sized dolomite rhombs with varying
percentages of accessory minerals. Induration is generally poor to moderate.
The accessory minerals are quartz sand, silt, clay and phosphorite. The
phosphorite occurrence is related to the occurrence of sand. If no sand
is present, phosphorite is generally not encountered. This is apparently

due to the clastic nature of the phosphorite grains. The phosphorite is
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transported with the sand from areas of primary accumulation to the areas
of dolosilt formation, or accumulation.

Dolosilts are often confused with clays. The dolosilts bear a resem-
blence to clays, particularly when first recovered, and they often contain
clay in abundance. However, the silty texture and reaction to dilute HCl
indicate that clay is not the primary constituent, Examination under a
binocular microscope and x-ray analysis confirm the identity of the dolosilts.

Dolosilts occur throughout the Hawthorn section. However, they more
commonly occur higher in the section. Color ranges from yellowish gray
(5Y7/2 or 5Y8/1) to olive gray (5Y3/2 or 5Y4/1).

Dolomites in the Hawthorn Formation are composed of anhedral to
subhedral cystalline dolomites with varying percentages of accessory
minerals. The dominant accessory minerals are the same as those in the
dolosilts; sand, silt, clays and phosphorite., The proportions of these
minerals is highly variable. The dolomites generally range from moderately
to well indurated. Color ranges from light gray (N7) to light olive gray
(5Y5/2 or 5Y6/1).

Dolomites often occur interbedded with dolosilts. The two lithologies
also appear to grade into each other. The gradational nature and the more
coarse, less euhedral crystalline nature of the dolomites suggests that some
of these dolomites are the result of aggrading neomorphism of the dolosilts.

Dolomites resulting from the replacement of limestone are common
in the Hawthorn, particularly in the lower portion. These dolomites contain
fossil molds and fossil "ghosts" that are indicative of an original lime-
stone lithology.

The origin of the dolosilts is somewhat of an enigma. As previously
mentioned they are composed of a poorly consolidated dolomite in the form

of discrete rhombs. These are often intimately mixed with varying amounts
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of clay, quartz, silt, and sand. Riggs (1979b) suggests that the dolosilts
are detrital, being transported from source areas south and east of the
present landmass. However, no definitive work has been done concerning

the origin of this sediment type.

Sand is a major comnstituent of the Hawthorn Formation. It is the
most common accessory mineral in the Hawthorn. The sands from the Hawthorn
Formation are predominantly quartz sands. Accessory minerals in the sand
size range include minor amounts of feldspar and heavy minerals, and variable
concentrations of phosphorite.

Pirkle, Yoho and Allen (1965) studied the Hawthorn sediments from
Devil's Millhopper (northwest of Gainesville, Alachua County) and Brooks
Sink (Bradford County). They analyzed the insoluble residues for percent
quartz sand, clay, P05, type and abundance of heavy minerals, and size
distribution of the sands. In general, they showed the Hawthorn sands to
be in the medium to fine size classification with the greatest amount of
sand retained on the 60 mesh and 120 mesh sieves. The heavy minerals found
to be most common were ilmenite, leucoxene, kyanite, sillimanite, staurolite,
epidote and garnet.

Clays are present throughout much of the Hawthorn Formation. Most
often the clays are an accessory mineral in another dominant lithology, i.e.
clayey, dolomitic sand or clayey, sandy dolomite. However, clay beds are
not uncommon. The clay minerals present in the Hawthorn are palygorskite,
montmorillonite, sepiolite, illite, kaolinite and chlorite (Reik, in press).
Palygorskite and montmorillonite are the dominant clays in the Hawthorn of
the study area. Sepiolite, illite and chlorite are uncommon. Kaolinite

is found only in the more weathered or leached sections of the Hawthorn.



The Hawthorn Formation within the area of the field trip unconformably
overlies the Oligocene Suwannee Limestone and occasionally the St. Marks
Formation. The Hawthorn is approximately 100 feet thick in this area
and the top occurs between 100 and 120 feet above mean sea level. It is
unconformably overlain by oxidized clayey sands possibly belonging to the
Miccosukee Formation.

The Hawthorn Formation crops out in Law Sink on the property of the
Hamilton Turpentine Company (T2N, R12E, Sec. 13) (Stop 1). Figure 5
illustrates the nature and lithology of the exposure. Law Sink is approxi-
mately 78 feet deep with the Hawthorn exposure covering nearly 33 feet. The
Hawthorn outcrop is vertical or nearly vertical for the entire 33 feet.

From the base of the outcrop to the bottom of the sink (approximately 20
feet) the Hawthorn is covered by slumped materials. Water entering the sink
flows out through an outlet in the base of the sink.

The lowest exposure of Hawthorn sediments occurs in the outlet in the
bottom of the sink. The dolomites exposed here ‘are white to tan, phosphatic
and sandy. The dolomites contain scattered fossil molds. The sediments
immediately overlying these dolomites are covered by slumped sediments for
approximately 20 feet. Sandy clays to very clayey sands are exposed above
the slumped material. The clays and sands are traceable around the sink,
exhibiting a variable nature. The sediments vary from dark blue gray,
slightly sandy, phosphatic to nonphosphatic clays containing clay and dolomite
clasts to a light brownish, very clayey, phosphatic sand containing dolomite
and clay clasts. X-ray analysis of the clay minerals indicates that
palygorskite is the dominant clay.

The sediments overlying the clay bed (Figure 5) are interbedded
dolomitic, clayey sands and sandy, clayey dolomites. X-ray analysis of

these sediments shows that palygorskite is the primary clay mineral.
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Figure 5.
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Phosphorite content is quite variable ranging from a trace to as much as
30 percent,

Regionally, the Hawthorn Formation can be subdivided into several
informal members. Scott (in press) recognized four units within the Hawthorn
in the cotype cores in Alachua and Bradford Counties. The "members"
are: a basal sandy, sometimes clayey dolomite; a predominantly clastic unit;
a sandy, clayey dolomite to dolomitic, clayey sand unit; and an upper member
of reworked sediments., All the members contain phosphate in widely varying
amounts, However, the upper reworked unit often contains the highest concen-
tration. Investigations of the Hawthorn in Northeastern Florida indicate
that this sequence can be identified eastward to the Atlantic coast. Miller
(1978) studied the Hawthorn Formation in the Osceola National Forest, Baker
and Columbia Counties. He delineated 5 units, A through E, and correlated
the units within the forest area.

Cores and well cuttings in Hamilton County show a generalized four
part breakdown of the Hawthorn (cores W-6836 and 7171; cuttings W-2825).
Based on these samples and the exposures along the Suwannee River the Hawthorn
section at Law Sink can be correlated regionally, The dolomites exposed
in the outlet at the bottom of the sink belong in the basal dolomite unit.
The sands and clays exposed just above the slumped material are correlated
with the central clastic section. The dolomites and sands overlying the
central clastic section belong to the upper dolomitic "member." The upper-
most member (the reworked sediments) is either not present at this site
or is covered by slumped sediments from above.
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SIGNIFICANCE OF THE CODY SCARP
ON THE HYDROGEOLOGY OF NORTH CENTRAL FLORIDA

by Ron Ceryak
Suwannee River Water Management District

The field trip area in Hamilton County, Florida has been investigated
by the SRWMD and the FBOG in a geologic and hydrogeologic study of the Upper
Suwannee River Basin (Ceryak, et al, 1981). 1In this area, as a general
rule, the top of the Cody Scarp occurs between 100 and 110 feet MSL. There
is usually 25 or 30 feet of relief along the scarp, but along this westward
extension of the Lake City Ridge, there can be up to 85 feet of relief
within a distance of less than 1 mile.

The scarp is a transition zone between all of the hydrologic and
hydrogeologic units in the study area. The Suwannee River is the only
stream that crosses the scarp without going underground. All other streams
disappear underground near the toe of the scarp (Figure 6). Lakes, ponds,
and streams in the Highlands are all perched, while drainage in the karst
plain is downward. This phenomena continues southward through Columbia
and western Alachua Counties. The Alapaha and Santa Fe Rivers :emerge
again after a period of subterranean fidow. Streams that go underground in the
area southwest of Lake City contribute to the spring flow at Ichetucknee
Springs.

A surficial aquifer with water levels at or near land surface mantles
the Highlands (Figure 7). The extent of this aquifer is the Cody Scarp.
The surficial aquifer has limited downward drainage until it reaches the
mature karst topography of the scarp area. Here it discharges laterally
along the scarp as gravity springs. The surficial aquifer is supported
by massive clays in the Hawthorn. These clays were characterized by Miller

as Member B of the Hawthorn Formation (Miller, et al, 1978).
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Figure 6. Streamsinks and Sinkhole Lakes Along the Cody Scarp.
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The area of extent of the surficial aquifer is underlain by a secondary
artesian aquifer, entirely within the Hawthorn Formation. The scarp is
also the boundary for the extent of the secondary artesian aquifer as the
upper portjon of the Hawthorn (the upper confining beds) has been eroded
away in the Lowlands.

The artesian-nonartesian boundary within the Floridan Aquifer was
described by superimposing potentiometric surfaces onto the structural top
of the Suwannee Limestone map. Along the boundary line, the first limestone
encountered i1s the Suwannee Limestone (Colton, 1978). Artesian areas are
defined where the potentiometric surface is -above the top of limestonme.
Nonartesian areas are defined where the potentiometric surface is below the
top of the limestone. The interface fluctuates as water levels fluctuate.
During periods of recharge to the aquifer, hydrostatic pressure increases;
and the potentiometric surface rises. This results in an areal increase
of artesian condition. The increase is greatest in the Alapaha Basin where
groundwater fluctuation is greatest.

The interface during high water levels (maximum artesian areas)
generally coincides with the Cody Scarp (Figure 8), which follows the 100-
to 110-foot above MSL surface contour lines. The boundary also generally
coincides with the 40- to 50-foot MSL contour lines on the top of the
Suwannee Limestone. Artesian conditions prevail wherever the top of the
Suwannee is less than 40 feet MSL. Since the interface generally follows
the 100- to 110-foot above MSL surface contour, the Hawthorn has been

eroded to a 50- to 70-foot thickness along this boundary. It becomes

apparent that thickness--and therefore competence--of the overlying--confining

Hawthorn strata ia a determining factor creating artesian conditions. Less
than 50 to 70 feet of basal Hawthorn does not constitute confining beds.

Along the boundary line, the lower section of the Hawthorn is mostly sands
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with basal carbonates that directly overlie Floridan carbonates. The Hawthorn
carbonates are often hydraulically connected to the underlying Floridan,

They constitute a separate aquifer from the Floridan, however, since they
exhibit different hydraulic heads and different water types. The 50 to 70
feet of Hawthorn along the artesian-nonartesian boundary is not competent

as a confining bed. By the time it has been eroded to that thickness, it

has become solution~riddled and is leaky and discontinuous.
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PALEOKARST FEATURES IN HAMILTON COUNTY, FLORIDA

by Dennis Price
Occidental Chemical Co.

After the Miocene deposition of the mineable phosphatic sands and
probably during Pleistocene sea level fluctuations, a karst topography
developed over southeastern Hamilton County. This karst region developed
over the limerock and dolomitic limerock structural highs which are prevalent
in this portion of the county. These carbonates are encountered at eleva-
tions from 95 to 105 feet above MSL in the area where phosphate is mined
(Figure 1, p. 2). The upper surfaces are relatively flat and display
extensive carbonate rubble beds. These beds are evidence of current and wave
erosion that reworked and extended the deposition of these carbonates in
early diagenesis. The carbonate highs dip to the east at approximately
2 feet per mile in the mine area. Typically they are dissected with what
are apparently paleotidal channels that are reminiscent of channels in
modern reef systems. The beds are composed of rubble limestone, carbonate
clays, sandy carbonates, highly cemented magnesium carbonates, and shell
accumulations. Cross-bedding is common when the sand portion is dominant.
The carbonate rubble increases in phosphate content toward the outer edges
of the carbonate highs. The activity that created the rubble took place
after the major portion of the sandy phosphate was deposited. Above the
carbonates is a thin stratum of phosphatic clayey sands that is generally
finer grained than the phosphatic sandy clays below this carbonate zone.

Traveling west from the Suwannee River across Hamilton County it
appears that paleosinkhole development increases. The Cody Scarp parallels
the river in this area and separates the river swamps from the cypress bays
and ponds that exist in the Highlands. Evidence of paleosinks becomes
obscure in the Highlands. Generally they appear in the large bays and cypress
ponds that dominate the area and along the edge of the extent of the carbonate

structural highs. The paleosinks all cut through the undifferentiated sand
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that overlies the Mio-Pliocene phosphatic accumulations that have been
described.

Many of the cypress bays and ponds in the Highlands are the result of
collapse-type sinkholes which resulted in the lowering of the land surface
in the area. To the west, the ponds and bays become smaller and are more
likely to indicate the exact location of paleosinks. Cypress ponds also
become less interconnected to the west.

All paleosinks have stablized and generally are plugged with a very
clean montmorillonite. The sinks are generally eleptical or circular in
plan and cone shaped in cross section (Figure 9), All cut through the
surficial sands, the sandy phosphatic section, and into the Hawthorn
carbonates. To my knowledge, none have been drilled to see if they extend
into the underlying Suwannee Limestone. The paleosinks are an anomaly
in the mining process in Hamilton County and avoided, since they represent
zones of no phosphate. The contact between the phosphate zones and paleo-
sinks are generally very sharply defined. A large paleosink, or several
very close together, may cover about a seven acre area while a small paleo-
sink may be about 10 to 25 feet in diameter.

During sinkhole development, the phosphatic and overlying sands have
eroded into the underlying limestone. It is not unusual to find paleo-
streambeds that drained into or out of these paleosinks. These streams have
often cut their beds into the phosphatic zone. These channels have been
followed in cross section for several hundreds of feet and are generally 5 to
10 feet wide. There is also a lithologic break between channel sands and the
phosphatic sands they are in contact with. The sands in the paleostreambeds
are generally finer grained than the adjacent sands and their clay content
displays a different mineralogy. Because of the different clay mineralogy
the channel sands are a light green color. Tiger Creek appears very similar

to paleosinks witk stream channels leading in and out.
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UPPER SUWANNEE RIVER BASIN
HYDROLOGIC OVERVIEW

by Terry Burnson
Suwannee River Water Management District

The Okefenokee Swamp is the headwaters of the Suwannee and St. Marys
Rivers. The upper Suwannee River watershed above the USGS gaging station at
Ellaville, Florida (Figure 10), including the major tributary subbasins
(Alapaha and Withlacoochee), is approximately 6,970 square miles. Upstream
from White Springs, Florida, the Suwannee River is superimposed on as much
as 300 feet of sandy clays, clayey sands, sandstone, and limestone sediment
overlying the Floridan Aquifer. Flow for this portion of the river is
essentially dependent on surface runoff from tributaries draining the numerous
swamps, bays, marshes, flatwoods, lakes, and ponds and seepage from the
surficial aquifer. Beginning at White Springs and continuing downstream,
the Suwannee River is incised into the carbonate rock of the upper Floridan
Aquifer. When the river stage is lower than the potentiometric surface,
groundwater inflow from Floridan Aquifer springs and seeps in the river
corridor supplements surface runoff in the reach downstream from White
Springs. During high river stages, surface water may directly recharge the
groundwater system in the reach downstream from White Springs.

There are 14 known springs of third magnitude (1-10 cfs) or larger
in the Upper Suwannee River Basin (Figure 10). The largest spring, Alapaha
Rise, a first magnitude spring (greater than 100 cfs), has a discharge with
a measured range from 294-1043 cfs. While it has not been shown conclusively,
Alapaha Rise and Holton Creek are generally believed to be resurgent--
springs——flows from the Alapaha River Basin.

Peak flows in the Upper Suwannee River Basin characteristically occur
in the spring during March and April. Precipitation during this time is

primarily associated with frontal systems. Thus, the duration of rainfall
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is usually longer; and it is more evenly distributed than summer convectional
storm rains. Flood stage has been exceeded 11 times at White Springs and
9 times at Ellaville for the respective periods of record.

The lowest monthly mean discharges for Fargo, Georgia, and White Springs,
Florida, occﬁr in June. The lowest monthly mean discharges for the Suwannee
River at Ellaville, Florida, the Withlacoochee River near Pinetta, Florida,
and the Alapaha River at Statenville, Georgia, occur in the fall. The mean
annual discharge for gaging stations on the Suwannee River for their respec-
tive periods of record are: Fargo, Georgia--1113 cfs; White Springs, Florida--
1879 cfs; Ellaville, Florida--6960 cfs. The mean annual discharge for the
Withlacoochee River near Pinetta, Florida, is 1674 cfs; and the mean annual
discharge for the Alapaha River at Statenville, Georgia, is 1043 cfs
(UsGs, 1977, 1978).

Surfacewater chemistry in the Suwannee River above White Springs
reflects the influence of a poorly drained, heavily vegetated, sedimentary
environment. Water quality is acidic with low conductance, low dissolved
oxygen, and relatively low calcium and magnesium ion concentration. At
White Springs and continuing downstream, surface water quality 1s a mixture
of rynoff and groundwater inflow; magnesium and calecium jion concentrations
are relatively higher than those reported upstream as are specific conductivity,
pH, and alkalinity values., Water quality in Swift and Hunter Creeks is
influenced by phosphate mining. Concentrations of dissolved solids, fluoride,
sulfate, phosphorous, and nitrogen are generally higher than in streams
unaffectéed by mining.

Beyond fulfilling its natural role, surface water in the Suwannee
River Basin above Ellaville is used for recreation, as a receiving body
for point and nonpoint discharges, a source for irrigation, and, to a limited

extent, a supply source for livestock.
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The Suwannee River Sill in the Okefenokee Swamp is the only water
control structure on the river in the Upper Suwannee River Basin. The sill
was constructed to provide for the protection of the National Wildlife
Refuge against fire and drought.
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