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DRIVING DIRECTIONS AND SCHEDULE 

 

Location of the Ochlocknee GA Mine:   28990 Georgia Highway 3, Ochlocknee GA 

 

 From Thomasville:  Go North on US 84 BR/GA 38 BR, becomes GA3 

  28990 is about 12.4 miles N of center of Thomasville 

 

Lunch Stop:  Hobbit Grill, 7771 FL/GA Highway, Havana FL 32333, 850.539.4040  Rand-

McNally thinks it will take over one hour to drive between the Oil-Dri Mine and the Hobbit 

Grill.  Plan accordingly.  Note:  Your lunch will be subsidized in the amount of $8.00.  Be sure 

you get a lunch certificate from the field trip organizers before you order! 

 

 From Ochlocknee GA: 

  South on GA 3 to GA 188 

  Right on Church St., GA 118 

  Follow 188 to Cairo 

  Pick up GA 111 in Cairo, and follow to US 27   

  Left on FL/GA Highway/US 27 

  Bear Right to Potter Woodberry Rd/CR 159A 

  Right to Salem Rd/ CR 159 

  Hobbit Grill will be on the Right – Total distance 36.7 mile according to Google  

   Maps 

 From Hobbit Grill to the BASF Little River Mine: 

  West on CR 159A for 1.3 miles 

  Left on CR 159, follow South 0.6 miles 

  Little River Mine entrance on Right 

   

Schedule: 

 

6:00 PM Friday 15 February   Dinner and Annual Meeting at the Plaza Restaurant 

      217 South Broad Street, Thomasville GA 

      For menu see thomasvilleplaza.com 

 

8:00 AM Saturday 16 February  Ochlocknee Mine of Oil-Dri Corporation 

      28990 GA Highway 3, Ochlocknee GA 

 

11:00 AM Saturday 16 February  Depart Ochlocknee for the Hobbit Grill, Havana FL 

      See directions above. 

 

Leave most cars at the Hobbit, and caravan to the BASF Mine. 

 

1:30 PM Saturday 16 February  BASF Mine 
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TERMINOLOGY 

 

To facilitate matters in this guidebook, it will be simpler if we can define a few useful 

terms. This is a utilitarian publication that uses some special vocabulary introduced at the 

beginning. 

 

Fuller's earth-A very fine grained, naturally occurring clay-sized material possessing a 

high absorptive capacity. Used for whitening, degreasing, decoloring liquids, or fulling the skins 

of animals. Often used to remove lanolin from animal skins, including the fleece of sheep. 

 

Smectite-The accepted group name for 2:1 phyllosilicate clay minerals with variable 

compositions and layer charges. They are the chief constituents of fuller's earths and bentonites. 

Varieties include beidellite, montmorillonite, nontronite, hectorite, and saponite. The variety 

identified in the Miocene of Florida is beidellite and is not montmorillonite or nontronite as 

reported in various publications. 

 

Stevensite- A Mg-rich, trioctahedral smectite with no tetrahedral substitution of Al for Si. 

 

Attapulgite/palygorskite-The name attapulgite was applied in 1935 by J. De Lapparent to 

a clay mineral which he encountered in fuller's earth from Attapulgus,Georgia, and Mormoiron, 

France. Bradley (1940) determined the structure was a silicate chain similar to those of 

amphiboles. Later replaced by palygorskite, reported earlier by Fersman (1916). Today, 

attapulgite is used as a commercial product name and not as a mineral species. 

 

Orthorhombic vs. monoclinic-Palygorskites from various sites have either orthorhombic 

or monoclinic unit cells. Monoclinic is the most common, and is the one found in Florida and 

Georgia fuller's earths. 
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Long fiber vs. short fiber-As with unit-cell data, short fiber (usually about 1 μm) and long 

fiber (up to 30-plus μm) varieties of palygorskite are known to occur separately or mixed. Their 

cause is not known, but is most likely the result of crystal chemistry and/or order-disorder in 

structural substitutions. Short fiber is most common in the Florida-Georgia region, but long 

fibers occur locally in voids and associated with dolomite grains. 

 

Hormite clay minerals-A group name suggested, but not approved, for the sepiolite-

palygorskite clay minerals. 

 

Perimarine-The area where sedimentation took place under the direct influence of the 

relative sea level movements, but where marine or brackish sediments themselves are absent. 

This genetic definition makes its precise use and meaning difficult to apply in some 

circumstances. 

 

Epeirogenesis - Vertical uplifts that are thought to be caused by isostasy, resulting from 

weathering, erosion, transportation and deposition, which disturbs the isostatic equilibrium. 

Large-scale karstification of Florida limestones is thought to have been a major factor in the non-

tectonic uplift of the Ocala Platform. 

 

FLORIDA BASEMENT ROCKS 

 

Rocks of Precambrian, Paleozoic, and mid-Mesozoic age occur several thousand feet 

below the surface of Florida. These older, deeper rocks include igneous, metamorphic and 

sedimentary rocks, and may collectively be termed basement rocks.  

 

In north-central Florida, these rocks have been penetrated by oil test wells at depths of 

3,500 feet below the surface. The vertical distance to these basement rocks gradually increases 

away from this region, reaching depths of more than two miles below the surface in the western 

panhandle, and over three miles in south Florida.  

 

Basement rocks of south Florida are primarily basalts, which were formed during the 

Late Triassic and Early Jurassic Periods. These basalts also occur in the subsurface of northern 

Florida where they are interlayered with Mesozoic sedimentary rocks. In central Florida, the 

basement is granite and minor amounts of metamorphic rock. Radiometric age determinations of 

these rocks indicate that they were formed during the Early Cambrian Period, about 550 million 

years ago. Rocks very similar to these also occur beneath portions of the Florida Panhandle 

underlying most of northern peninsular Florida 

 

 

PRECAMBRIAN, PALEOZOIC and MESOZOIC ERAS 

 

During the Late Precambrian, about 700 million years ago (mya), terrane that was to 

become Florida was part of an ancient, pre-Pangean supercontinent, which was composed of 

what is now North and South America, Africa, Europe, and other land masses. More than 600 

mya, this supercontinent split apart—most significantly North America from Africa. Later, in the 

Paleozoic, the tectonic forces which had split the supercontinent continued to operate, driving the 
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detached land masses to migrate together again in collisions which formed another 

supercontinent, called Pangea. The tectonic cycle continued with Pangea rifting apart, as had the 

first supercontinent, and during the next 200 million years the Earth's plates migrated to near 

their present-day configuration.  

 

So where does Florida fit into this story, especially if it was not part of the "North 

America" that existed during the early Paleozoic? The Florida Paleozoic rocks are a better match 

with those of the Bovee Basin in West Africa than those of North America. The Mesozoic suture 

- the boundary between ancient Africa and North America which was formed when they collided 

to form Pangea - may be located in the subsurface of southern Georgia. Scientists do not know 

exactly where this suture is located, but attempts have been made to find it in deep wells in north 

Florida and southern Georgia.  

 

Also, a 1985 seismic survey across southern Georgia indicated that the suture zone may 

be there. Although indirect in nature, these pieces of evidence support the idea that Florida was 

once a part of Africa. If the boundary between ancient North America and Africa is now located 

north of Florida, then the deep Paleozoic rocks of Florida represent a rifted-off portion of Africa. 

 

In every comparison of geologic information, the affinity with West Africa (Bovee Basin 

granites) becomes more apparent and the resemblance to Paleozoic North American rocks 

lessens. Because of the currently accepted theory that Florida was once part of northwest Africa, 

geologists refer to the basement of Florida as "an exotic terrane". 

 

The Atlantic Ocean basin began to form in the Late Triassic when Pangea began to split. 

By mid-Jurassic time, rifting was probably complete. To the east of proto-Florida, a spreading 

center was creating new sea floor for the young Atlantic Ocean; this spreading center is now 

called the Mid-Atlantic Ridge.  

 

As the new sea floor spread outward to both sides of the ridge, the North American 

continental plate moved away from Africa. By the late Middle Jurassic, the spreading center, 

which had begun earlier to pour out basaltic lava, gradually shifted its position to the east. The 

lava flows cooled and hardened, forming new ocean floor or oceanic crust. 

 

Near the margin between the newly-formed oceanic crust and the older continental crust, 

a basin began to slowly form. At first this sinking (or subsidence) occurred mainly because the 

basaltic crust shrank as it cooled. As the crust continued to cool and shrink, various types of 

sediment were carried into the basin. The weight of the accumulating sediment also forced the 

crust beneath the basin to sink. This extremely gradual sinking was essential in the early 

development of the carbonate Florida platform during the Cretaceous. 

 

A carbonate platform is an area where great thicknesses of carbonate rock have 

accumulated in the past. Carbonate sediments are continuing to accumulate to the present day on 

the Florida Platform and on modern carbonate platforms, such as the Bahama Banks, east of 

Florida. Carbonate rocks on the Florida Platform are limestones (CaCO3) and dolomites, 

CaMg(CO3)2. 
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The calcium carbonate which makes up the rocks associated with carbonate platforms is 

produced by various organisms that lived in marine environments. When the tiny animals that 

live in coral reefs die, the reefs (made of calcium carbonate) may be preserved as one type of 

limestone. Some varieties of seaweed (algae) have the ability to secrete fragile skeletons of 

calcium carbonate. When the algae die, tiny crystals of calcium carbonate fall to the sea floor and 

form carbonate or limemud. This carbonate mud is preserved as another type of limestone.  

These are only two examples of the types of organisms which construct calcium 

carbonate skeletons as part of their life cycle. If a carbonate platform is to form, these carbonate-

producing organisms must be able to grow prolifically. The water in which the organisms live 

must remain shallow, since some of them require light to survive. 

 

Minor amounts of anhydrite (CaSO4) occur in the thick section of Cretaceous carbonate 

rocks of south Florida. Anhydrite forms today in very dry climates such as the Persian Gulf. 

Generally, it seems to form when seawater flows into a shallow basin which is cut off from 

additional sources of water. In that situation, the seawater evaporates until eventually anhydrite 

is formed by precipitation. The presence of anhydrite layers in the thick carbonate accumulations 

of south Florida suggests that at some time in the past the climate was been hotter and drier that 

it is now. 

 

CENOZOIC ERA 

 

The Cenozoic Era in Florida is represented by sediments that were deposited during the 

last 65-million years of geologic time. Sea-level fluctuations throughout the Cenozoic played a 

major role in creating the present configuration of Florida through the processes of sediment 

deposition and erosion. In general, the sea level during the early Cenozoic was significantly 

higher than the present level.  

 

Throughout the Cenozoic, sea level fluctuated considerably along a broad general trend 

of falling sea level since the end of the Cretaceous. This general sea-level trend has 

superimposed upon it many shorter-duration fluctuations, of both sea level rise and fall. The 

geologic record of Florida reveals unconformities where sediments are absent due to 

nondeposition or erosion in response to sea-level fluctuations. Geologists think that the Cenozoic 

sea-levels in Florida have fluctuated from several hundred feet or more above the present level to 

about 300 hundred feet below present sea-level. The Cenozoic of Florida is represented by two 

groups of sediments: the Paleogene and the Neogene-Quaternary (Figure 1).          
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Figure 1 

 

 

 Carbonate rocks predominate in the rock-record of the Paleogene in Florida, while quartz 

sand, silts and clays dominate the Neogene-Quaternary. The carbonate rocks are principally 

limestone and dolomite with varying, but generally minor, percentages of evaporites.  

 

 The evaporites present in the Cenozoic rocks are gypsum (CaSO4 X 2H2O) and anhydrite. 
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The evaporites are present as thin-to-thick beds and as pore fillings in the carbonate rocks 

comprising the lower portion of the Paleocene section. The evaporites formed in response to 

restricted circulation of the seawater allowing evaporation to concentrate the minerals in 

solution. The minerals were then deposited along with the carbonate sediments. 

 

The Florida peninsula is the emergent portion of the wide, relatively flat geologic feature 

called the Florida Platform. The Florida peninsula is located on the eastern side of the platform. 

The edge of the Florida Platform is arbitrarily defined to be where water depth is 300 feet 

(Figure 2). The edge of the platform lies over 100 miles west of Tampa, while on the east side of 

Florida it is only 3 or 4 miles off the coast from Miami to Palm Beach. Within relatively short 

distances from the edge of the platform, water depths increase sharply, eventually reaching 

"abyssal" depths of over 10,000 feet, creating what is known as the Florida Escarpment. Diving 

expeditions with the deep submersible Alvin found the escarpment consisted of a gigantic 

limestone cliff that rose over 6,000 feet above the 10,700-feet-deep Gulf floor.  

 

Based on evidence from oil exploratory work, it has been estimated that Upper Mesozoic 

and Cenozoic carbonate and evaporitic rocks may underlie south Florida at depths greater than 

20,000 feet. 

 

The Florida Platform, during the Paleogene, was very much like the present day Bahamas 

Bank with carbonate sediments forming over a large area. The carbonate sediments formed due 

to biological activity and for the most part, are made up of whole or broken fossils. These fossils 

include foraminifera, bryozoans, mollusks, coral and other forms of marine life. Very little 

siliciclastic material was able to reach the Florida Platform due to the presence of a marine 

current running through the Gulf Trough which transported these sediments away from the 

platform. This current was similar to the Gulf Stream today.  

 

Another factor was that the Appalachian Mountains, the primary source for the siliciclastic 

sediments, had been eroding for millions of years through the Mesozoic and early Cenozoic. As 

the mountains were reduced by erosion, limited amounts of siliciclastic were produced and 

carried by streams and rivers to the ocean where currents carried the sediments away from the 

Florida Platform. 

 

In the late Oligocene, a significant sea level drop occurred and erosional rates increased 

greatly, providing a flood of siliciclastic sediments, which blocked the Gulf Trough (Figure 3).  

 

In northern Florida, the siliciclastic sediments appear very early in the Miocene, while in 

southern Florida carbonates continued to be deposited until at least mid-Miocene The siliciclastic 

sediments spread southward most rapidly along the east coast of Florida in response to the more 

vigorous conditions on the Atlantic coastline. 

 

The sediments deposited during the Neogene are primarily quartz sands, silts and clays 

with varying amounts of limestone, dolomite, and shell. With the exception of the Pliocene 

Tamiami Formation in southwestern Florida, the Neogene carbonates occur as thin beds and 

lenses disseminated in the siliciclastic sediments. Deposits composed primarily of shells with 

subordinate amounts of sands and clays became very common in the Pliocene over much of 
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Florida. 

 

The beginning of the Neogene not only marked a distinct change in sedimentation, but 

also the initiation of phosphate deposition in Florida. The conditions leading to the deposition of 

marine phosphates are variable but specific conditions are thought to be required. One of the 

most important events was the upwelling of cold, nutrient rich, phosphorus-laden water 

 
 

 

 

 

from the deep ocean basins. The increased phosphorous supply allowed the rapid development of 

large populations of marine organisms such as plankton. As these organisms died and settled to 
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the bottom, large amounts of organic material accumulated, mixed with the sediments and were 

buried. It is thought that reactions within the sediments cause the formation of the phosphate 

mineral francolite. Phosphate deposits results from the reworking of the phosphatic sediments 

and the concentration of the phosphate by current and wave action. 

 

Current mining operations can be seen in Polk, Hillsborough and Hardee counties in 

central Florida and Hamilton County in northern Florida. Much of the phosphate mined in 

Florida is processed to form various types of fertilizers. 

 

The Neogene phosphates in Florida contain varying amounts of uranium incorporated in 

the mineral francolite. The percentages of uranium present range from hundredths to tenths of a 

percent of the total mineral. The uranium isotope U
238

 is the most abundant form of uranium 

present In Florida's phosphates. As U
238

 decays radioactively, radon (Rn
222

) eventually forms as 

one part of the decay series. Radon, a short-lived radioactive isotope, occurs as a gas which may 

accumulate in buildings. Wherever the Hawthorn Group phosphatic sediments are present near 

the surface, radon may be found. 

 

The early Cenozoic rocks of Florida are not flat lying, but form a series of highs 

(platforms) and lows (basins) (Figure 4). The later Cenozoic sediments are thinnest over the 

highs and thickest in the lows. The oldest sediments exposed in the state are exposed on the crest 

of the Ocala Platform, a major high feature in west-central Florida. Other prominent highs 

include the Chattahoochee Anticline, Sanford High, Brevard Platform and the St. Johns Platform. 

The lows include the Okeechobee Basin, Osceola Low, Jacksonville Basin, the Gulf Trough and 

the Apalachicola Embayment. A major actively subsiding basin, the Gulf of Mexico Basin, lies 

west of the Florida Platform. To the east of the peninsula are the Blake Plateau Basin and the 

Bahamas Basin. 

 

QUATERNARY PERIOD 

 

The Quaternary Period encompasses the last 2.8-million years of geologic history. The 

Quaternary Period is made of two geologic epochs, the Pleistocene Epoch and the Holocene 

Epoch. It was a time of worldwide glaciations, widely fluctuating sea-level, unique animal 

populations, and the emergence of man. Seas alternately flooded and retreated from the land area 

of Florida. Most of the land-forms characterizing Florida's modern topography, as well as the 

springs, lakes and rivers dotting the state today, formed during the Quaternary. 

 

GEOLOGIC SETTING 

 

The Miocene sediments of the southeastern United States contain commercial deposits of 

palygorskite-sepiolite and phosphate. These minerals, in addition to carbonates, opal-cristobolite, 

zeolite, and smectites, had an orthochemical origin. Smectite (variety, beidellite) is the dominant 

clay mineral in the Tertiary of the Atlantic and Gulf Coastal Plains except for the Upper 

Oligocene and Lower and Middle Miocene of northern Florida and southwestern Georgia, where 

palygorskite and sepiolite are commonly dominant. Weaver and Beck (1977) interpret the 

environment as perimarine, where conditions favored the growth of minerals from solution. 
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The Middle Miocene sediments are characterized by the presence of marine diatoms and 

opal-cristobolite. Phosphate pellets are concentrated at the Lower-Middle Miocene boundary and 

mark the beginning of the Middle Miocene transgression and can be traced over much of the 

region.  

 

Figure 5 is a southwest-northeast cross-section down the center of the Trough. 

 

 Palygorskite is present in the Upper Oligocene and Lower Miocene. The commercial 

palygorsklte clay beds occur in both the Lower Miocene and Middle Miocene sediments (in the 

southern part of the section). The latter deposits are detrital and were derived from the Lower 

Miocene deposits. Relatively pure clay beds occur to the northwest of the Ocala Platform and 

extend to the southwest. The environment was shallow water marine to brackish. 
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LITHOLOGY 



14 

 

 

The structural, textural, mineralogical and chemical data indicate there are two major 

depositional cycles. The environments of deposition grade from shallow marine to lagoonal to 

tidal fIats to soil. The two clay beds were deposited during periods of regression separated by a 

period of transgression. 

 

The lower interval starts with a clayey sand. This is followed by a thin interval of mud-

cracked clay, infilled with a coarser sandy clay. Some of the clasts are partially dolomitized. 

There is a thin sand zone in the middle of the clay bed, and some worm burrows are found near 

the top. This is the top of the lower unit and represents one cycle.  

 

The next cycle begins with mud-cracked and slightly reworked clay clasts in a matrix of 

coarser sandy clay. Round sand-size clay grains are also abundant in this bed. This bed is 

overlain by a sandy clay bed with a vertical, slightly slickensided, fracture pattern. Many 

fractures are coated with a thin film of glossy clay that resembles cutans (clay skins) found in 

soil. The top of the lower zone contains organic stains and clay grains. The top of the upper cycle 

ends with burrows in a soil zone. 

 

MINERALOGY 

 

Palygorskite is the predominant clay in the section based on x-ray patterns of the clay-

sized fraction. The bulk clay mineral suite is the same in both units, but there are distinguishable 

differences in the environments of deposition. Palygorskite and sepiolite are restricted to the 

Lower Miocene and stop abruptly at the Lower-Middle Miocene boundary. The Middle Miocene 

contains diatoms and opal-cristobolite. In the southern part of the section, commercial 

concentrations of palygorskite occur in the Lower and Middle Miocene deposits. 

 

In the lower unit, the pebbles have a high palygorskite content. The clayey sand matrix is 

composed largely of smectite and mall (2 to 5 mm) rounded, tan clay grains similar in 

composition to the large blocks of apparent mud-crack origin. Sepiolite is present throughout this 

interval in the clay pebbles and grains, but not in the matrix. Smectite comprises over 90% of the 

clay suite in the soil zone.  

 

Sepiolite has a maximum concentration at the bottom of the soil zone and is not present 

in the overlying sediments. This is the only interval that contains more sepiolite than 

palygorskite. This 'sepiolite-rich' suite has a distinctive occurrence. The distribution suggests the 

clay may be secondary and has formed by post-depositionl leaching of the upper part of the soil 

interval and growth in the bottom. 

 

There is a gradual transition from sand to dolomitic clay. A pure clay bed containing 

patches of dolomite extends near the top of this unit. The lower one-third has an irregular, 

massive appearance with some vertical fracture surfaces. This clay bed grades into an interval 

consisting largely of the same mineral assemblage, but heavily burrowed and infilled with 

coarser clayey and tannish grains. In the upper portion of the soil zone, the clays are composed 

almost entirely of palygorskite, with dolomite. These grains must have been added from adjacent 

overlying sediments. Burrows are filled by palygorskite, indicating clay has been worked down 
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from above. 

 

In the overlying shelly zone, palygorskite increases and becomes relatively abundant 

within the sand. However, the mottles and pebbles of greenish clayey sand in this interval have 

high smectite content similar to that of the underlying interval. Thus, some of the mixing is 

probably due to current reworking of the lower material into the upper, rather than burrowing 

which would cause a downward mixing. Palygorskite is at a maximum (90%) in the dolomite 

and upper clay bed. There is a slight decrease in palygorskite in the clays of the uppermost 

burrowed zone. The burrows are filled with a sandy clay derived from the overlying sediments. 

 

TEXTURE 

 

TEM and SEM pictures show a number of interesting features. Short 1 μm fibers 

comprise the bulk of the palygorskite clay, but long (greater than 10 μm) fibers are locally 

abundant. Long fibers occur in small areas with desiccation features, indicating they grew from 

residual fluids when dehydration was nearly complete. These occur in a matrix of short fibers. 

Long fibers occur in the soil samples, where they form mats and are also aligned perpendicular 

to vein walls and as coatings on dolomite grains. 

Short fibers have been reported from smectite replacing quartz, and calcite fossils, and by 

the coalescing of small opaline spheres. Much of the clay occurs as thin, parallel laminae, 

suggesting a periodic supply of detritus (smectite) to the lagoon. 
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Figure 6. Short fiber (upper) and long fiber palygorskite.  

Note that the magnification scales differ by a factor of 2X 
 

 

 

 

ENVIRONMENT 

 

Miocene sediments may have been deposited in a shallow water environment near the 

strand line. In general the smectitic sandy intervals appear to be of shallow marine origin. The 

horizontal-bedded, clay-rich palygorskite beds could have been deposited in a quiet lagoon.  

 

The dolomitic beds were deposited in a similar environment, although some is 

replacement dolomite and probably formed epigenetically. The pebble and mud-crack beds 

represent lagoonal deposits that were later reworked by currents coming from either the seaward 

or landward direction. Burrowing is evident throughout, but is particularly important in the 

sediments closing the end of each depositional cycle. 

 

The depositional cycles began with a sand or sandy shell bed, which formed barriers. 

Shallow water lagoons developed behind these relatively thin barriers. In the older cycle, the 

lagoon was sometimes evaporated to near dryness and mud cracks developed. During the early 

stage the barrier was breached and clayey marine sands were mixed with the mud clasts. Near 

the end of the cycle, fresh water currents probably did the reworking. This situation seems to be 

characteristic of the lower depositional unit. This lower unit is topped by a soil zone developed 

on fluvatile sediments, suggesting the overall unit is regressive. This regression is followed by an 

abrupt transgression (shelly marine sand), which might reflect only a minor lateral shift of 

environments. 

 

The upper depositional unit shows little reworking and a relatively thick lagoonal 

sequence (dolomite and palygorskite clay bed), which suggest a more permanent barrier, plus a 

decrease in available Si and Al. This interval appears to end in a shallowing regressive 

environment (burrows and reworking), followed by a relatively abrupt marine transgression. 
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Thus, both depositional units appear to represent a seaward migration of a shallow water, 

fluvatile-lagoon-barrier sequence. Whenever the migration was interrupted by a sustained marine 

transgression, a new cycle began. 

 

CHEMISTRY 

 

Recent (2010) Analytical Electron Microscope (AEM) of 1300 individual grains of 

sepiolite/palygorskite show that there is a continuous chemical series between these two. 

Theoretical chemical calculations indicate that palygorskite can form from smectite, with 

stevensite-like composition, as a byproduct. If Al and Fe remained constant, and if additional Si, 

Mg, and H were obtained from solution if concentrations were sufficiently high, and if the pH 

was in the range of 8 to 9, palygorskite will form. Smectite will convert to palygorskite. When 

smectite is not present, sepiolite will precipitate.  

 

Dolomite is commonly formed contemporaneously with both sepiolite and palygorskite. 

Calcite is commonly deposited out of phase with the Mg minerals. Though most of the 

palygorskite formed by direct replacement of smectite, it is evident from the configuration that 

some of the long-fiber palygorskite grew from solution. The latter type is most commonly found 

in areas where voids probably existed and often occur as coating on dolomite. 

 

It should be noted that stevensite has never been reported from Florida-Georgia 

sediments. It has been reported from lacustrine palygorskite deposits of Morocco. Theoretical 

calculations are based on assumed compositions for mineral species that may be difficult to 

determine in mixtures and variable compositional series. 

 

 

DETRITAL DEPOSITS 

 

The commercial clay deposits 40 km northeast of these primary deposits were deposited 

in the narrow Gulf Trough on top of the soil zone separating the Lower and Middle Miocene. 

Diatoms and sponge spicules, present in amounts up to 30%, indicate a restricted marine 

environment becoming more marine to the northeast (seaward). The palygorsklte and sepiolite 

(20 to 70% of the clay suite) is detrital, and was derived from Lower Miocene clays on the flank 

of the uplifted Ocala Platform (to the east and southeast).  

 

Clay grains and pebbles containing appreciable francolite are abundant. This clay is 

overlain by brackish water (diatoms), smectitic clay and sand (K-feldspar) derived from the west 

flank and deposited during the final marine regression in the area. 

 

The palygorskite-sepiolite clay occurs as lenses (10 to 50 feet thick) and was deposited in 

sheltered depressions between Lower Miocene barrier island, beach, and chenier sand ridges 

when the area was transgressed by the Middle Miocene seas. The deposits are restricted to the 

southwest portion of the Trough, which existed as a sill. The sill effect was produced by the 

highlands of the flanking Ocala Platform; this topographic high also afforded the palygorskite-

sepiolite source. Farther to the northeast the Trough deepens and smectitic clays were deposited. 
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There is a complete compositional graduation between clay pebbles and phosphate 

pebbles. During periods of weathering, apatite replaces additional clay and diatoms in the 

pebbles. Opal-cristobolite, formed from dissolved diatoms and sponge spicules, is relatively 

abundant. It is commonly massive, but occurs as spherules and well-rounded opaline spheres. 

 

TEMPORAL FACTORS 

 

In the Georgia-Florida area palygorskite and limpid dolomite developed in shallow, 

coastal brackish to schizohaline waters. Warm temperature caused a high pH. Both increased the 

solubility of silica (largely from diatoms). Cooler conditions during the Middle Miocene made 

conditions unfavorable for the development of palygorskite. Magnesium was obtained from 

seawater. 

 

There is a mutual antipathy between palygorskite and clinoptilolite, with palygorskite 

being the fresher water mineral, and clinoptilolite the more saline equivalent. The results of 

thermodynamic calculations are compatible with this distribution. 

 

The phosphate deposits are largely restricted to the Atlantic facies. Much of the 

phosphate was derived from diatoms in shallow water and concentrated by replacing clay 

pebbles and clay-rich fecal pellets. 

 

A review of the literature on "marine palygorskites" indicates there is little, if any, 

positive data to indicate they formed in a normal marine environment. Palygorskite is relatively 

abundant in some deep-sea cores. Most of the descriptive data indicates it is detrital or 

hydrothermal in origin. It is suggested that perimarine palygorskite deposits form only in 

brackish water and smectite (glauconite?) is usually the stable clay in the normal marine waters. 

Chloritic clays (mixed-layer chlorite-smectite) are the common stable phase under hypersaline 

conditions. 

 

DISCLAIMER 

 

About ten percent of the information presented here is new and original with the author. The 

remainder has been summarized from various texts and articles written by experts in the field. 

Any errors in this presentation are unintentional and reside with the compiler. This is intended as 

an informal, educational document to be used in association with a field trip organized by t 

The Southeastern Geological Society. It should not be considered a primary source of 

information nor cited in any reference. 
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MIOCENE INFILLING OF THE APALACHACOLAEMBAYMENT-GULF 

TROUGH 

 

A framework for deposition of world-class economic deposits of “Fuller’s Earth” 

clays of the Florida-Georgia Fullers Earth District 
 

Candace A. Trimble 

 

Introduction 

 

The Florida-Georgia Fuller’s Earth District is a significant, world class deposit of sorbent clays. 

These clays occur in commercial quantities and are sufficiently close to the surface to be 

accessible for shallow open pit mining (Pickering and Heivilin, 2006).  They were deposited in a 

narrow deposition trough trending northeast across the Florida panhandle from the Town of 

Quincy Florida toward the towns of Ochlocknee and Meigs in south central Georgia (Herrick and 

Vorhis, 1963). This depositional feature will be referred to here as the Gulf Trough. 

 

Structural Interpretations of the Apalachicola Embayment-Gulf Trough 

 

There are two basic schools of thought surrounding the Tertiary to Recent structure (=/- 65 

MYBP) of the Gulf Trough and associated Apalachicola Embayment: 

 

One holds that little or no tectonic activity has occurred in this area since the Cretaceous period.  

The second school of thought adheres to the notion that faulting has resulted in vertical 

displacement in the Apalachicola Embayment-Gulf Trough area.  This faulting, almost touching 

the northwest corner of Thomas County, crosses Grady County in a northeast-southwest 

direction just north of the present day Ochlockonee River.   

 

Patterson and Herrick (1971) noted that “the area extending north and northeast of the mouth of 

the Apalachicola River, as far as the Georgia-Florida line has been thought to be structurally 

depressed since Johnson (1891) proposed the Chattahoochee Embayment of the Gulf of 

Mexico.”  Since Johnson’s time the feature has been extended northeast into central Georgia 

(Toulmin, 1952), and has gone by many names including: “The Southwest Georgia Basin” 

(Murray, 1957), “The Apalachicola Embayment” (Puri and Vernon, 1964), and the Gulf Trough 

of Georgia” (Herrick and Vorhis, 1963) which was later shortened to the”Gulf Trough” by 

Hendry and Sproul (1966). This worker follows Kellam and Gorday (1990) and Scott (1990) 

which recognizes both Applin and Applin’s (1944) name and that of Hendry and Sproul, calling 

the feature the “Apalachicola Embayment-Gulf Trough System”. 

 

All workers seem to agree that there is some sort of structural depression in the surface of 

Oligocene sediments in the area and that this linear feature is covered by thick Miocene 

sediments.  It is the nature of the feature that excites controversy (McWilliams and Trimble, 

1993).   

 

One theory (Sever, 1962; Gremillion, 1965, Tanner, 1966, Gelbaum, 1978; and Miller, 1986) 

proposes that the trough is the result of a grabben.  This down dropped block is bounded by 
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normal faults.  Others simply see the trough as a down-faulted area (Murray, 1961; Hendry and 

Sproul, 1966).  Sever later suggested that the trough is a syncline and, in 1966, added a fault 

along the southeast side. 

 

The second basic theory associated with the trough is that it is a sedimentary structure: either a 

huge solution valley in the thick Oligocene carbonates (Patterson and Herrick, 1971), or the 

remnant of a submarine valley or strait (Dall and Harris, 1892; Rainwater, 1956; Scott, 1990; 

Huddlestun, 1993). 

 

The Gulf Trough and Apalachicola Embayment are believed to have been produced by the 

Suwannee Current which connected the Gulf of Mexico and the Atlantic Ocean (Huddlestun, 

1990; Kellam and Gorday, 1990). This current is interpreted by Huddlestun to have inhibited 

sedimentation in the Embayment –Trough region during the Middle to Upper Eocene.  An early 

Oligocene fall in sea level probably caused the cessation of the Suwannee current, setting up the 

conditions which resulted in Miocene infilling. 

 

Huddlestun’s contention that it may be a remnant of the Cretaceous Suwannee Strait which filled 

completely with sediments during the Miocene seems reasonable and explains the feature in the 

least complicated manner (McWilliams and Trimble 1993). 

 

It seems likely that the only large scale structure present is the Gulf Trough-Apalachicola  

Embayment trending from northeast to southwest through Grady County, and any minor local 

structural variations are present due to solution and collapse in the Oligocene Suwannee 

limestones  

 
 

Figure 1.   Site location and surrounding geology  (from Krekeler, 2004;  modified from Merkle, 

1989). 

 

With the exceptions of local variations due to the presence of karst features, the sediments of the 

Oligocene age generally dip toward the northwest (into the Apalachicola Embayment-Gulf 
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Trough), and toward the Gulf of Mexico to the South.  The Miocene, Coosawatchie and Torreya 

sediments dip toward the northwest toward the axis of the northeast trending trough. Miocene 

sediments outside the embayment-trough system, and Pliocene, and recent sediments dip 

generally to the south-southeast over much of the area. 

 

Regional Stratigraphy 

 

The site lies within the southwest Georgia Coastal Plain.  The sediments of interest are Miocene 

(13.5-23.7 m.a.) to Recent in age(less than 10 thousand years of age, k.a.)  and range in thickness 

from less than 30 meters to more than 70 meters.  These sediments were deposited on a shallow 

carbonate bank along the southern flank of the Apalachicola Embayment-Gulf Trough 

(Huddlestun, 1993). 

 

The Embayment-Trough is nearly 57 kilometers (35 miles) wide at the Georgia-Florida state line 

and exhibits nearly 62 meters of relief in much of this area.  Within the Trough-Embayment 

Miocene to recent sediments range from about 55 to 62 meters thick. 

 

In the trough area, surficial deposits range from undifferentiated alluvium, sandy to sandy clay 

sediments of recent age, to surface out crops of the Pliocene Miccosukee Formation (between 

1.8-3.4 m.a.). This conspicuous formation ranges from red to reddish-orange, cross-bedded sands 

with distinct white clay mottling and laminae, to white sands and purple clays, and often includes 

indurated material of iron and aluminum sesquioxides (McWilliams and Trimble, 1994). The 

Miccosukee is separated from Miocene deposits by paraconformities, or disconformities 

depending upon the location (See Figure p.8). 

 

In northwest Thomas County Georgia, the Miocene is represented by the Meigs Member of the 

Coosawatchie Formation, of the Hawthorn Group. The Coosawatchie is predominately 

siliclastic, but does contain beds of carbonates (Scott, 1988 and 1990). However clays and sands 

dominate the Meigs Member. The dominant clays of the Meigs member are short form 

palygorskite (attapulgite) and calcium smectite (ca-montmorillonite).   

 

Farther south and west the predominant economic deposits in Grady and Decatur counties are 

typically attapulgite clays of the earlier, Dogtown member of the Torreya Formation.  Regardless 

of location within the trough system these clays lie unconformably atop the Lower Miocene 

Chattahoochee Formation (Schmidt, 1984). 

 

Composition of the Meigs member clay 

 

Palygorskite dominates the clay fraction of the Meigs member at Ochlocknee, comprising about 

90 percent by volume, with smectite making up the remainder of the clay portion.  The mined 

units generally are about 90 percent clay and 10 percent sand.  The sands are quartz rich (80% or 

more), with minor feldspar (about 11%).  The sand fraction contains heavy mineral suites 

including orthopyrxoene, amphibole, zircon, rutile, garnet, tourmaline, kyanite, muscovite, 

biotite, spinels and opaques.  Hydroxylapatite comprises about 3% of sediment volume and 

occurs as individual euhedral crystals and as clusters of crystals (Krekeler, 2004).   
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Sand-rich clay pebble zones occur thorough out the Meigs member.  These are fairly rare 

occurrences worldwide and are not well understood.  One modern environment known to 

produce clay pebbles is found along the tropical coast of northeastern Malaya.  Nossin (1961) 

concluded that these zones are formed where sediment exposure occurred along high tide and 

storm tide marks in instances where bands of alternating clay beds interstratified with sand sheets 

in humid-tropical conditions.  

 

The Florida-Georgia District: World Class Economic Deposits of “Fuller’s Earth”. 

 

Fuller’s earth is a generic term for industrial clays characterized by high surface area, and strong 

sorptive, binding, gelling, thickening, or decolorizing ability (Trimble, Herpfer, and Cheshire, 

2012). 

 

Fuller’s earths are typically marine, or semi-marine, sedimentary clays composed of 

palygorskites, sepoilites, and smectites.  These clays were deposited over millennia in anoxic-

reducing environments in shallow sedimentary basins (Pickering and Heivilin, 2006).   

 

The first documented commercial production of fuller’s earth in the United States occurred in 

1893, near Quincy, Florida.  Exploited since the late 19
th

 century, the FL-GA Fuller’s Earth 

district remains a significant producer of numerous specialty clay products.  Present day 

manufactures in the district include Oil-Dri Corporation of Georgia (Meigs area) and BASF and 

Active Minerals (Quincy-Attapulgus area). 

 

Gelling-grade, magnesian attapulgite is concentrated in the Dogtown member in the narrow 

southern end of the trough.  Sort length, alumina rich palygorskite, sepiolite, and Ca-

montmorillonite mixed mineralogy clays predominate in the Meigs member and are more 

abundant in the broader north end of the District (Pickering and Heivilin, 2006). 

 

Fuller’s earth’s  of the Meigs member are interesting minerals having the ability to both absorb 

liquids, and adsorb cations, in addition, the peculiar twisted ribbon structure of palygorskite 

allows it to function as a molecular filter.  These distinctive and valuable properties have led to 

the development of many uses for these clays (Trimble, Herpfer, and Cheshire, 2012).   

 

Common uses of Oil-Dri Fullers’ earths:   

Bleaching earth for purification of edible oils (peanut, palm, canola, olive, etc.) 

Fuel Filtration 

Granular Oil Absorbents  

Granular Cat Litter 

Agricultural Absorbents (used to carry fertilizer or other chemicals) 
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LITTLE RIVER MINE, HAVANA FL 

 
Howard Kirk 

 
 

 
 

 

For over half a century, Oil-Dri has leveraged its unique mineral reserves and manufacturing 
expertise to deliver products with both quality and value. Oil-Dri is vertically integrated, 
controlling over 150 million tons of proven specialty mineral reserves, including attapulgite, 
montmorillonite, diatomaceous earth and, at our international facilities, a blend of mineral and 
synthetic absorbents. We operate eight domestic manufacturing facilities and a plant in both 
Canada and England.  
 
Shipping a total of nearly a million tons of product a year, each facility specializes in various 
groups of products, manufacturing each to exacting quality standards. We are a leading mining 
and manufacturing company with products that affect the lives of people every day. From the 
beginning we have focused on Creating Value from Sorbent Minerals.  

Oil-Dri Products: 

Pet Care 

Cat’s Pride® and Jonny Cat® litters, liners and KatKit® trays make cleaning up after your pet easy and 
convenient. Whether scoopable, coarse or in a disposable tray, these litters are a sure winner for your 
feline companion. 

Industrial 

Oil-Dri® clay and synthetic floor absorbents help keep work places clean and safe.  These products are 
used on garage floors and maintenance shops where oil and grease can be a hazard.   

Animal Health 

When raising livestock, farmers, feed mill operators and nutritionists often incorporate products into the 
feed that enhance productivity. Calibrin® enterosorbents, ConditionAde® natural feed ingredients and 
Pel-Unite® Plus pellet binder are products that either enhance health, improve feed consistency or make 
harder food pellets. 

Agriculture and Horticulture 

Many of the crops and plants that are grown throughout the country use granular carriers to distribute 
pesticides, fungicides and herbicides. Agsorb®, Verge™ and Terra-Green® granules are the carriers of 
choice for those who grow crops and decorative plants. 

Sports 
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Most sports enthusiasts know that playing on a safe, durable and well-maintained field is integral to 
winning. Pro’s Choice™ sports field products increase safety through proper drainage, moisture 
management and turf growth. 

Fluids Purification 

Vegetable oil processors around the world understand the benefits of using Pure-Flo®, Perform® 
and Select® adsorbents for producing high quality oils. Ultra-Clear® for jet fuel processing and 
Select for Biodiesel are industry standards for clay clarification aids.   

Geology of Fuller’s Earth Deposits 

 

The principle commercial deposits of fuller’s Earth (palygorksite) in the Southeast U.S. 

occur in Miocene sediments of the Hawthorn formation.  These materials were deposited in 

shallow water in a mildly tectonically active hinge area running east northeast from northwestern 

Florida through southern Georgia and southeastern South Carolina.  The underwater depression 

extended in a Trough that connected the Gulf of Mexico with the Atlantic Ocean.  Palygorskite 

clays were formed and deposited as the waters from the Trough regressed during the early, 

middle and late Miocene periods.   

Thermodynamic calculations show that kaolinite and smectite derived from the upland 

can be precursors for palygorskite.  After transport across a plain the precursors are exposed to 

alkaline conditions in the depositional basin and undergo transformation to smectite and 

palygorskite.  Indications are that the palygorskite clays were formed in a lagoonal/tidal flat 

(abundant desiccation cracks are found) environments in brackish water. 

Palygorskite occurs as lenses containing diatoms, montmorillonite, some sepiolite, 

calcite, and dolomite, feldspars, apatite and quartz sand.  The deposits are underlain and stratified 

with sand and marine sediments such as shells and sharks teeth.  Overburden consists of sand, 

montmorillonite, calcite, dolomite, and abundant marine and some terrestrial fossils.  Post 

depositional weathering by acidic meteoric water alters palygorksite to smectite and 

subsequently to kaolinite. 
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PALYGORSKITE CLAY USES 
 

Agriculture: 

Pesticide Carriers 

Granules 

Dust 

Dry Fertilizer Binder 

Liquid Fertilizer Suspension Agent 

Liquid Animal Feed. 

Seed Coatings 

Aflatoxin Binding Agent 

Biological Toxin Absorptive Agent 

Soil Conditioner (silica deficient soils) 

 

Industrial: 

Oil Well Drilling 

Catalyst 

Petroleum Refining 

Specialty Catalyst Substrate 

Synthetic Zeolite Feedstock 

Adhesives 

Paint and Coating Suspension Agent 

Plastic Filler 

Tire Manufacturing 

Elastomers 

Pellet Binder 

Foundry Sand Binder 

Explosives 

Brake Shoes 

Anti Slip Compounds 

Athletic Field Drainage 

Refinery Absorbency Test Standard 

Filtration Applications 

Vegetable Oils 

Re-refining Used Motor Oil 

Jet Fuel 

Air Conditioner Lubricating Oil 

General Hydrocarbons 

Molecular Sieves 

Radioactive Nuclides 

Heavy Metals 

Absorbents/Adsorbents 

Oil and Grease 

Pet Litter 

Rug and Dry Cleaning Spot Remover 

Paper Recycling (retention agent) 

 

Construction: 

Grout 

Stucco 

Wallboard Joint Compound 

Ceiling Tile 

Wall Texturing compounds 

Fire Retardant Coatings 

Foundation Drilling 

Plastic Fillers and Extenders 

Additive in Specialty Cement Mixtures 

Roofing Tiles 

 

Environmental/Safety: 

Slurry Trench Walls 

Landfill Liners and Caps 

Pond Sealers 

Waste Stabilization and Solidification 

Hazardous Waste  

Radioactive Waste 

Injection Well Waste Suspension Agent 

Fire Extinguisher Compounds 

Fire Fighting Slurries 

 

Pharmaceutical: 

Over the Counter Anti-diarrhea Medications 

Carrier for Medications in Tablet Form 

Veterinary Medications 

Cosmetics 

 

Patent Activity: 

Between 1/1/1996 and 6/6/2001, 1746 patents 

mention or use attapulgite in the patented 

process.  That represents almost one patent 

granted per day (0.88).  Most new patents are for 

catalyst, filtration, fungicide and insecticide 

formulations.  However, the following new uses 

were also patented: 

 

Genetic Engineering (DNA carrier) 

Electronic 

Liquid Crystal Displays 

Electrolytic Cell Diaphragm 

Agricultural/Horticultural Applications 

Anti Frost Compound for Plants 

Plant Growth Regulators 

Soil Nutrient 

Demilitarization of Munitions 

Chemical 

Biological 

Explosive 

Beer Making (filtration) 

Detergent Additive 

Selective Gas Separation and Purification 

Manufacture of Calcium Silicate Board 

(Construction Material) 

Volatile Hydrocarbon Analysis Equipment 
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