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PREFACE

A symposium on the economic geology of Southeastern
Industrial Minerals was included in the 1989 Southeastern
Section meeting of the G.S.A., held in Atlanta. This volume
includes six of the papers presented orally at the
symposium.

Many sessions on Southeastern economic geology seem to
concentrate almost exclusively on metals. The major focus of
this symposium has been to highlight the way "common"
nonmetallic minerals and rocks dominate the mining economy
of our area, and to indicate a tew of the ways in which
applied geology. mineralogy. weathering history, etc. are
essential to profitability.

Industrial minerals are all commercially mined earth
materials not consumed as fuels or refined for end use as
metals. Typical examples include sand and gravel, clays.
crushed and dimension stone, phosphate, salt, barite, heavy
minerals for titania pigments and zirconia refractories and
abrasives, etc.

compilation of individual state production records from
the U.S. Bureau of Mines Mineral Facts and Figures for
Alabama, Florida, Georgia, Kentucky, Louisiana, Mississippi.
North Carolina, South Carolina, Tennessee, Texas, and Vir-
ginia, shows that in 1988 industrial mineral production
totalled $7.35 billion, while metals mining accounted for
less than $0.19 billion.Somewhat surprisingly, therefore.
industrial minerals accounted for 97.5 percent of
Southeastern production value, while metals made up only 2.5
percent.

These statistics may be seen graphically as follows:
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INDUSTRIAL MINERALS - THEIR IMPORTANCE TO THE UNITED STATES
AND THE SOUTHEAST

Haydn H. Murray
Department of Geology, Indiana University
Bloomington, Indiana 47405

ABSTRACT

Industrial or non-metallic minerals have over three times the dollar
value of metallic minerals in the United States. Industrial minerals
are functional and necessary in many process industries including
petroleum, iron and steel, refractories, glass, cement, paper, paint,
plastics, rubber, and many others. Our high standard of life correlates
with the availability of quality and reasonably priced industrial
minerals. The annual growth of industrial minerals in the United States
is steady and increases with the value of our gross national product.

Their value ranges from a few dollars per ton for sand and gravel to
millions of doliars per ton for industrial diamonds. Geographic
location is important in marketing some industrial minerals such as
crushed stone for use as aggregate in concrete and relatively
unimportant for others such as kaolin and phosphate. Some including
phosphate, kaolin, talc, and Wyoming bentonite are exported to all parts
of the world. Transportation costs are critical for those industrial
minerals that have low unit and place values.

The Southeastern States have a wealth of industrial minerals that are
important domestically and for export. These include phosphate in
Florida, North Carolina, and Tennessee; kaolin in Georgia and South
Carolina; ball clays in Tennessee and Kentucky; fuller's earth in
Georgia, Florida, Mississippi, and Tennessee; feldspar in North Carolina
and Georgia; marble in Alabama, Georgia, and Tennessee; granite in
Georgia; mica and lithium in North Carolina; and others.

Industrial minerals are exceedingly important to continued growth and
prosperity but are taken for granted. They merit much more attention
than they receive.

INTRODUCTION

A precise inclusive definition of industrial or non-metallic minerals
is difficult because many unrelated minerals that range from low priced
materials such as sand and gravel to very high priced minerals like
industrial diamonds are involved. Noestaller (1987) defines industrial
minerals as comprising all non-metallic, non-fuel minerals extracted and
processed for industry end uses. His definition includes some metallic
ores such as bauxite and chromite which are consumed in non-
metallurgical applications, consolidated and unconsolidated rock
materials like sand, gravel, crushed rock, and dimension stone, and
manufactured products such as cement and refractories. The great
diversity of the industrial minerals gives the field as a whole an acute
problem of identity.



The industrial minerals penetrate the entire fabric of our
industrialized society from such fundamental operations as drilling for
oil and smelting iron ore to the manufacture of virtually the entire
spectrum of consumer products. There is no industrial minerals industry
as such because there are many industries. An aspect of some industrial
minerals that differentiates them from the metals is that their physical
properties carry over into the ultimate use of the product. Mica,
diatomite, kaolin, calcium carbonate, and graphite owe their wvalue to
physical properties that persist from the mine face to final
application. Although metallic minerals are much better known and
popularized, the annual value of the industrial minerals in the United
States is over three times that of the metallic minerals.

The wide range and numerous peculiarities of the industrial minerals
make their classification challenging and difficult. Many
classifications have been proposed such as a combined end-use and
genetic classification (Bates, 1960), one based on unit price and bulk
produced (Wright and Burnett, 1962), and one by Kline (1970) dividing
industrial minerals into two main groups - chemical minerals and
physical minerals. The most recent classification appeared in The
Mining Journal (Anon., 1988) in which industrial minerals are classified
into three economic groups: (1) low-price, large volume commodities
such as sand, gravel, and construction materials; (2) medium to high
price, large volume commodities such as chemical and fertilizer minerals
like salt, sulfur, phosphate, and potash; and (3) high price low volume
commodities such as fluospar, talc, barite, and industrial diamonds.

Industrial minerals are essential to the development of a modern
industrialized society. The developed countries of the world are
generally rich in industrial minerals and in fact one can define a
developed country on the basis that the value of the industrial minerals
exceeds the value of the metallic minerals. Industrial minerals are
essential and functional parts of most manufactured products. Our
standard of living is related to the fact that the United States has an
abundant supply of most industrial minerals. Our industrialized society
uses tremendous quantities of industrial minerals annually including
crushed stone and sand and gravel in the construction industry,
bentonite and barite for drilling oil wells, high calcium limestone as a
flux in the iron and steel industry, kaolin as a coating material for
paper, silica sand as a major ingredient in making glass, phosphate for
the fertilizer industry, and many others.

The United States is well endowed with an adequate supply of most
industrial minerals. One of the major factors in the cost of industrial
minerals is transportation. Sand and gravel cannot be transported very
far because of cost and therefore, these operations must be located near
major use centers which are normally large cities. Talc and kaolin, on
the other hand, are transported great distances and in many Instances
the cost of transportation exceeds the cost of the material at the
processing plant. Sand and gravel are low priced, high volume materials
that are rather common whereas talc and kaolin are medium to high priced
materials that are rather uncommon. In general, low priced high volume
materials are not shipped very far whereas high priced, low volume
materials can be shipped great distances and exported around the world.



INDUSTRIAL MINERALS IN SOUTHEASTERN UNITED STATES

The Southeastern United States contains a wealth of many industrial
minerals which are very important to the economy of the individual state
and to the region. The Southeastern United States includes the
following states; North Carolina, South Carolina, Georgia, Florida,
Alabama, Mississippi, Tennessee, and Kentucky (Fig. 1). Some of the
more important industrial minerals in the Southeastern United States
include ball clays, barite, bauxite, bentonite, feldspar, fuller's
earth, granite, high silica sand, kaolin, lithium, marble, mica,
phosphate, and talc. The occurrence of these minerals are located on
figure 1. Although such industrial minerals as sand and gravel, crushed
stone, and common clays and shales are important locally they are not
discussed in this paper. The industrial minerals listed above are
described and discussed alphabetically in the following pages.

Ball Clays

The ball clay district in Western Kentucky and Tennessee (Fig. 1) is
the largest producer of ball clays in the world. The district extends
north-south from Mayfield, Kentucky to Paris, Tennessee. The annual
production is over 900,000 tons. Ball clays are secondary or
sedimentary clays characterized by the presence of organic matter, high
plasticity, high dry strength, long vitrification ranges, and light
color when fired. Kaolinite is the principal mineral constituent of
ball clay and typically makes up more than 70% of this type of clay.
Other minerals commonly present include quartz, illite, and a minor
amount of smectite.

The ball clay deposits are found in Lower, Middle, and Upper Eocene
beds where they occur as lenticular units in which the clay is
interstratified with sand, silt, and lignite (Olive and Finch, 1969).
The clay units range in thickness from less than 1 m to more than 5 m
and generally are thick bedded and massive. They range in color from
dark gray to very light gray and contain black carbonized imprints of
fossil leaves and other plant debris.

Ball clays are used primarily as a ceramic raw material. These fine
particle size very plastic clays are used in whitewares, sanitary ware,
stone ware, enamels, and as a bond in certain refractory clays. Ball
clays are an important industrial mineral and are shipped all over North
America and exported to South America and the Far East.

Barite

Barite (BaSO, - barium sulfate) is the chief commercial source of the
element barium and because of its high specific gravity is used as a
weighting material in oil well drilling fluids. Barite is also used in
the manufacture of glass and as a pigment, filler, and extender. Pure
barite has a specific gravity of 4.5 which is very heavy. In the
Southeastern United States barite is mined and processed in north
Georgia and eastern Tennessee (Fig. 1). In the Sweetwater district of
Tennessee and in the Cartersville district of Georgia, the barite occurs
as residual deposits formed by the weathering of preexisting rocks. The
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size and shape of the residual barite deposits vary greatly but the
larger deposits in Georgia and Tennessee extend over several hundred
acres. The barite nodules may be distributed randomly through the
residuum or concentrated near the contact with bedrock.

In Georgia the barite deposits are associated with the residuum of
the Weisner, Shady, and Rome formations of Cambrian age (Kesler, 1950).
In Tennessee the barite is associated with the residuum overlying the
upper part of the Knox Group of Ordovician age (Maher, 1970). Most of
the barite produced in Georgia and Tennessee is used in the preparation
of barium compounds, for glass, and as fillers and extenders. Almost
5,000,000 tons of barite has been produced from Georgia and over
2,000,000 tons from Tennessee. The quality of the barite is good but
new reserves are getting more difficult to locate,

Bauxite

Bauxite is the basic ore of the aluminum industry and is also an
important industrial mineral. As an industrial mineral bauxite is used
as a refractory raw material, an abrasive raw material, for the
production of aluminum chemicals, and in the manufacture of high-alumina
cements. Bauxite is miied in Alabama and Georgia in the Southeastern
states. Bauxite is comprised of the mineral gibbsite and in Georgia and
Alabama also contains kaolinite and other minor accessory minerals. The
bauxite mined in Alabama is near Eufala (Fig. 1) and is within
kaolinitic clay deposits. This bauxite is used for high temperature
refractory products, abrasives, and chemicals. The bauxite mined in the
Andersonville area of Georgia (Fig. 1) 1s also associated with kaolin
clay deposits and is used to make a calcined refractory grog. One of
the grades made has the composition of mullite (Al,SiO5). This
refractory grog material is calcined, crushed, and screened and is
shipped to refractory companies and foundries in the United States,
Japan, Europe, and elsewhere. Bauxite is an ilmportant industrial
mineral both in Alabama and Georgia.

Bentonite

Calcium bentonite, sometimes referred to as Southern bentonite, is
mined in Mississippi and Alabama (Fig. 1). The bentonite in Mississippi
is mined from the Eutau Formation of Late Cretaceous age and also from
Oligocene and Miocene age beds (Bicker, 1970). In Alabama the bentonite
occurs in the Ripley Formation of Upper Cretaceous age (Monroe, 1941).
The bentonite is waxy and varies from blue when fresh to yellow when
weathered. Calcium montmorillonite is the major clay mineral in these
deposits and quartz is the most common accessory mineral. Some of these
bentonites in Mississippi reach a thickness of 4 to 5 m. The major use
of this bentonite from Mississippi and Alabama is as a bonding agent for
foundry molding sands. The molding sands used in foundries are composed
of sand and clay. The clay provides bonding strength and plasticity.
The important physical properties are green compression strength, dry
compression strength, hot strength, flowability, permeability, and
durability. Calcium bentonites are also acid activated to decolorize
mineral, vegetable and animal oils, They are also used for pelletizing



animal feed, for drilling muds, as carriers and diluents in pesticide
preparations, and in water clarification. Several hundred thousand tons
of Southern bentonite are produced annually. Mississippi ranks second
in the United States in the production of bentonite and Alabama ranks
third.

Feldspar

This mineral is comprised of three types - potash feldspar, sodium
feldspar, and calcium feldspar. These are almost never found in pure
form iIn nature but occur together generally in a three component system.
Feldspars are mined in North Carolina and Georgia (Fig. 1). The major
occurrence of feldspar is in pegmatites where they are associated with
many other minerals but dominantly with quartz and mica. The largest
production of feldspar in the United States 1is from North Carolina and
the third largest production is from Georgia (Rogers, Nealy and Teague,
1985).

Feldspar is used in the manufacture of glass, in the production of
porcelain enamel, as a flux in ceramic whitewares and sanitaryware, as a
filler in paint and plastics, and as an abrasive in cleaners and
polishes. The largest use is in glass where about 65% of the feldspar
is used and 20% is used in ceramics. The annual production of feldspar
in the United States is about 800,000 tons. The major specification is
chemical purity and for most applications the iron content must be
extremely low particularly for use in glass and whiteware ceramics.

Fuller'’s Earth

The term fuller’s earth is more or less a catch-all term for clays or
other fine-grained earthy materials suitable for bleaching or
decolorizing and sorbent uses. The term has no compositional or
mineralogical meaning and was first applied to earthy material used in
cleaning and fulling wool, thereby removing the lanolin and dirt; thus,
it acquired the name fuller'’s earth. Most fuller’s earth is comprised
of palygorskite (attapulgite), sepiolite and, or calcium
montmorillonite. Fullers’ earth is produced in Florida, Georgia,
Mississippi, and Tennessee in the Southeastern region (Fig. 1). 1In
south Georgia and Florida, the fuller’s earth deposit are attapulgite
and/or mixtures of attapulgite and calcium montmorillonite. In
Mississippi and Tennessee the fuller’s earth deposits are largely
calcium montmorillonite along with smaller quantities of illite and
kaolinite. The major non-clay component in all these deposits is
quartz. In some of the Mississippi deposits opaline silica is present
and in south Georgia some of the deposits contain diatoms.

The fuller’s earth district of south Georgia-north Florida (Fig. 1)
extends from Quincy, Florida, on the south to Meigs, Georgia, on the
north. The deposits are Miocene in age (Patterson, 1974). The
southernmost portion of the district contains deposits of relatively
pure attapulgite (Fig. 2) and the northern half of the district contains
deposits which are mixtures of attapulgite and calcium montmorillomnite.
The attapulgite deposits range in thickness from 0.5 to 3 m and the
mixed clay deposits to the north are up to 6 m in thickness. The
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Electron micrograph of attapulgite.



production from the district is over 2 million tons of fuller's earth
annually. The attapulgite is used in drilling fluids particularly in
areas where the drilling mud can become contaminated with salt water
brines, as suspending agents in paint, pharmaceuticals, medicines, and
cosmetics, in floor sweep compounds for absorbing oil and grease spills,
and in agriculture as absorbents and adsorbents for chemicals and
pesticides plus many other special uses. The fuller’s earth that is a
mixture of attapulgite and calcium montmorillonite from the Georgia area
of the district is used primarily for pet litter for absorbing animal
waste particularly for domestic cats. Other uses are for animal feed
binders, agricultural sorbents, decolorizing oils, anti-caking agents,
and other special uses.

In East Georgia near Wrens (Fig. 1) is another fuller’s earth that is
Lower Tertiary in age and is called the Twiggs Clay. This sorbent clay
is almost white in color and is comprised of calcium montmorillonite.
This clay occurs above the kaolin deposits in this area and is used for
pet litter, agricultural sorbents, and other special uses where color is
important.

In Mississippi the fuller'’'s earth deposits occur in the Ripley
Formation of Upper Cretaceous age and in the Porters Creek Formation of
Eocene age and in Tennessee in the Porter's Creek Formation. Sorbent
clay is produced from Northeastern Mississippi, Southwestern Tennessee,
and Northwestern Tennessee (Fig. 1). These clays are used primarily for
the production of pet litter, oil and grease sorbents, and agricultural
sorbents. The total production is well over a million tons from these
areas.

Granite

Granite is an igneous rock that is widely used as a building or
dimension stone and for monumental stones. The principal requirements
are uniformity of texture and color, freedom from flaws, suitability for
polishing and carving, and resistance to weathering. In north Georgia
(Fig. 1) there are several large granite intrusive bodies that occur as
bare exposures or domes (Furcron, 1965). Two well known granites that
are quarried for dimension stones and monumental stone are the Elberton
granite and the Lithonia granite. Georgia ranks first among the states
in the production of granite.

High Silica Sands

Quartz sands that are light in color, friable, and have at least 95%
of the sand grains between 20 mesh (850 um) and 140 mesh (106 um) are
potentially an industrial silica raw material (Murphy and Henderson,
1983). Depending upon its use the chemical and physical specifications
differ. The principal uses of these high silica sands are for glass
making, foundry molds, ceramics, chemicals, cement, oil well fraccing,
filter sands, and other special uses. For glass the sands have very
strict chemical specifications for iron, alumina, and alkali content,
whereas for oil well frac sands the chemical compositions is not
important but the size and shape of the quartz grains are very
important.



High silica sands are an important industrial mineral and there are
some very pure silica sand deposits located in the Southeastern United
States. High silica sands are mined in North Carolina, South Carolina,
Georgia, and Florida (Fig. 1). Silica pebble conglomerates are mined in
Alabama and Tennessee. Silica sand is an example of a high bulk, low
unit-value commodity.

Kaolin

Kaolin is a white, soft aluminum silicate clay (Fig. 3) that has many
industrial applications. The sedimentary kaolins of the Coastal Plain
of Georgia and South Carolina have been known since colonial times and
today the kaolin district, which extends from Macon, Georgia to Aiken,
South Carolina (Fig. 1), produces the largest tonnage of kaolin annually
of any district in the world. Georgia ranks as the largest producing
state and South Carolina the second. In 1988 over 8 million tons of
kaolin were mined and shipped from the kaolin district. The largest
user of kaolin is the paper industry where it is used to coat paper to
provide a good printing surface and as a filler in the paper sheet. The
paper industry uses about 70% of the total production from the Georgia
and South Carolina district. Other uses are as a filler for paint,
rubber, plastics, and inks and as a raw material for whiteware,
sanitaryware, and refractory ceramics. Kaolin is also used as a raw
material in making petroleum cracking catalysts and for many other
specialized uses such as a suspending agent in medicinal formulationms.

The kaolins occur in a belt about 30 kilometers wide that parallels
the fall line which is the boundary between the crystalline rocks of the
Piedmont and the coastal plain sedimentary rocks (Fig. 4). The kaolins
are of two different geologic ages, Upper Cretaceous and Lower Tertiary.
The Upper Cretaceous kaolins occur in lenticular or saucer-shaped bodies
ranging greatly in thickness and extent. Some are as much as 12 m thick
and more than 2 km long (Patterson and Murray, 1984). The Tertiary
kaolin deposits tend to be larger than the Cretaceous deposits where
thicknesses are 10-25 m and extend for distances as long as 18 kms.
There are significant physical and chemical differences between the
Cretaceous and Tertiary kaolins. The Cretaceous kaolins are coarser,
and contain less iron and titanium than the Tertiary kaolins (Patterson
and Murray, 1984). There are also textural and color differences that
are noteworthy. The kaolins from Georgia are relatively low viscosity
at high solids content (70%) which makes them excellent paper coating
clays. These high quality paper coating clays are exported to paper
companies all around the world.

Kaolin is a unique industrial mineral because of its excellent
properties which include: (1) chemically inertness over a relatively
wide pH range, (2) white or near white in color, (3) fine particle size,
(4) soft and non-abrasive, (5) good covering or hiding power (opacity),
(6) low conductivity of both heat and electricity, (7) low viscosity
which permits flow at high solids concentration, (8) relatively low
cost.

Some uses of kaolin, for example paper coating, require rigid
specifications including particle size, brightness, color, grit content,
and viscosity whereas other uses such as in cement, the specifications



Figure 3. Electron micrograph of kaolin.
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are not critical (Murray, 1986). Kaolin is a most important industrial
mineral to Georgia and South Carolina and will continue to be so in the
foréseeable future.

Lithium

Lithium is an important element that is derived from lithium minerals
and from some dry lake brines. In the Southeastern United States
lithium is produced from an area in North Carolina called the tin-
spodumene belt (Fig. 1). This belt constitutes the largest developed
reserve of lithium in the western world. The mineral which is mined for
its lithium content is spodumene (LiAlS1,0¢). Spodumene occurs in
pegmatites in the above mentioned belt (Kunasz, 1985).

Lithium is marketed and used in three basic forms; as an ore and
concentrate, as a metal, and as chemical compounds. Ores and
concentrates are used by the glass, ceramic, and porcelain enamel
industries. In metal form, lithium is the lightest solid element having
an atomic weight of 6.94 and a specific gravity of 0.534. Lithium is
used in aluminum and magnesium alloys where it imparts high temperature
strength, improves elasticity, and increases the tensile strength. An
‘mportant development is the production of lithium batteries which are
long life and used in such things as pacemakers, electric calculators,
and watches. Lithium chemicals that are marketed include lithium
carbonate, lithium hydroxide, lithium chloride and many others. Lithium
is still a developing commodity and the future applications for this
light metallic element are indeed bright. North Carolina ranks first in
the production of lithium.

Marble

Commercial marble is a crystalline rock composed predominantly of
calcite and is capable of taking a polish. Marble in scientific usage
is a metamorphosed limestone and is quarried in Alabama, Georgia, and
Tennessee (Fig. 1). The stone is mined in large blocks which are cut
into sheets and shaped and polished. Marble of various patterns and
colors (usually gray or white) are mined in all three states. In
Georgia the marble is quarried from a series of rocks which occur in the
Murphy marble belt near Tate and Marble Hill. The age of the marble is
believed to be early Paleozoic (Furcron, 1965). In Alabama, marble is
quarried near Sylacauga and is very pure and white. Marble is the
official rock of Alabama and this white marble is shipped all over North
America. The age of this marble is believed to be Ordovician. The
marble industry in Tennessee is centered in the general vicinity of
Knoxville and the age of the marble is Middle Ordovician. Marble
production in all three states is important. It is used for dimension
stone, monument stone, for chips used in terrazzo floors, for high
calcium lime, and is ground and pulverized for a variety of filler and
pigment uses. The largest production comes from Georgia which ranks
first in the United States.

1



Mica

Muscovite mica is a colorless, platy mineral comprised of potassium,
aluminum, and silicon with some magnesium and iron substituting for
aluminum. Muscovite has excellent basal cleavage that allows it to be
split into very thin sheets exhibiting a high degree of flexibility,
elasticity, and toughness. Mica is classified as sheet mica, which are
large crystals or books of muscovite, and scrap and flake mica which are
small mica crystals or flakes. Sheet mica is generally found in
pegmetites and scrap and flake micas are recovered from various mica-
bearing sources such as mica schist, granite, and in some pegmatites.
Flake or scrap mica is produced in North Carolina from the Tin-Spodumene
belt and in the Spruce Pine district (Fig. 1). This mica is used in
plasterboard joint cements, paint, plaster, oil well drilling, plastics,
and for special uses such as in wallpaper to provide sheen and in rubber
tires for mold lubrication and dusting. The mica is prepared for market
by either wet or dry grinding depending on the particle size needed.
North Carolina is an important producer of flake and scrap mica
products.

Phosphate Rock

Phosphate is extremely important to life both plant and animal.
Phosphate rock production has experienced a very steady growth since
1945 (Emigh, 1985). Phosphate rock is commonly called rock in
sedimentary deposits and apatite in igneous deposits. In the
Southeastern United States phosphate rock is mined in Florida, North
Carolina, and Tennessee (Fig. 1). The United States produces over 50
million tons of phosphate rock annually with about 85% coming from
Florida and North Carolina. The deposits of phosphate rock in all three
states are sedimentary. The Tennessee deposits are mined near Columbia
and are Ordovician in age. The North Carolina phosphate deposits are
near Beaufort and are Lower Miocene in age. The Florida deposits are in
the vicinity of Bartow and Lakeland and are Middle Miocene in age.

Fertilizers consume 95% of the worlds phosphate rock production. The
United States is the worlds largest producer and also user of
fertilizer. In addition to use in fertilizers, phosphate rock is used
to make phosphorous chemicals including phosphoric acid which is used in
the manufacture of many industrial phosphates including detergents,
industrial cleaners, and forest fire retardants. Important by-products
from phosphate rock processes include gypsum, uranium, vanadium, and
fluorides. Phosphate rock mining in Florida is under very strict
reclamation and environmental restrictions but still produces about 70%
of the total U.S. production. Phosphate rock mining and processing 1is
an important industry in both Florida and North Carolina.

Talc

The mineral talc is the softest mineral on the Mohs scale of hardness
and is a hydrous magnesium silicate. Steatite was originally a
mineralogical name applied to pure talc but today steatite generally
refers to a massive variety of talc. Soapstone is a talcose rock that
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is soft and exhibits a high degree of lubricity. Talc is an extremely
versatile industrial mineral that is used in the ceramics, paint,
rubber, paper, plastics, and cosmetics industries. It is also used in
many miscellaneous applications such as textile sizing, foamed latex
rubber backing for carpets, lubrication aids, cereal polishing, floor
wax, insecticides, and many others.

Talc is a metamorphic rock that is generally associated with
dolomites or ultramafic igneous rocks. Talc is mined in Alabama,
Georgia, and North Carolina (Fig. 1). Near Chatsworth, Georgia, talc
occurs as lenticular bodies in either dolomite or ultramafic rocks. In
North Carolina talc occurs as small pods or lenses associated with
metamorphosed dolomites. Pure white talc i1s mined in Talladega County,
Alabama which goes into cosmetics and pharmaceuticals. The parent rock
is a Cambro-Ordovician dolomite (Roe and Olson, 1985). Because of the
softness of talc and its unique surface chemistry, it is an important
filler. Although the production of talc is small in each of the three
states, it is used for very special purposes and is therefore an
important and unique industrial mineral.

SUMMARY

Industrial minerals are very important to the Southeastern United
States and particularly to the state in which each material is mined and
processed. In the Southeastern States the following industrial minerals
rank first in production in the nation - ball clay, fuller'’s earth,
granite, kaolin, lithium, marble, and phosphate. Ball clay, fuller’s
earth, kaolin, lithium, and phosphate are exported and thus are
important to the balance of payments of the United States.

Industrial minerals are essential to the process industries and most
are functional parts of the products into which they are placed. The
United States has one of the highest standards of living in the world if
not the highest and this is related to the fact that functional and high
quality industrial minerals are available at reasonable cost to the
process industries. No country can be a developed country without a
large supply of necessary and functional industrial minerals. The
Southeastern United States is well endowed with a large number of
important industrial minerals.
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ABSTRACT

Heavy minerals have been mined from surface sands and
near surface sands of the Atlantic Coastal Plain in the
southeastern United States for decades. Important heavy
mineral deposits in northern Florida and southeastern
Georgia formed in beach ridges developed at the crest of
major marine transgressions. Examples are the Trail Ridge
and Highland (Maxville) deposits along Trail Ridge and the
Yulee, Cabin Bluff, and Altama deposits along the Pamlico
shoreline. Other deposits in the region developed in beach
ridges formed at times of temporary halts or at times of
slight transgressions during periods of general marine
regression. The Green Cove Springs, Boulougne, and Folkston
deposits on the Duval Upland are examples of such
occurrences. These concepts on the origin of the ore bodies
are drawn from studies of sediment characteristics, heavy
mineral suites, and field relations.

INTRODUCTION

Heavy minerals have been mined from the sands of the
southeastern Atlantic Coastal Plain since the early part of
this century (Table 1). Not all of the ore-grade
concentrations have the same origin or the same heavy
mineral suite. 1In this report only heavy mineral deposits
in northern Florida and southeastern Georgia are discussed.
These heavy mineral concentrations occur in beach ridges of
quartz sand that formed along ancient shorelines during late
Cenozoic time.

STUDIES OF THE COASTAL PLAIN TERRACES

Workers have studied the terraces and ridges of the
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TABLE 1

CHRONOLOGY OF HEAVY MINERAL MINING
ATLANTIC COASTAL PLAIN OF THE SOUTHEASTERN UNITED STATES!

Operator (Deposit) Dates of Operation

North Carolina Monazite Mining 1895-1916

Buckman-Pritchard, Inc.
(Mineral City, FL) 1916-1929

Riz Mineral Company/Florida Ore
Processing (Palm Bay near Melbourne,

FL) 1940-1955
Humphries Gold Corp.:?

(Arlington, FL) 1943-1964
Hobart Brothers (Vero Beach, FL) 1956-1963

Humphries Gold Corp./E. I. Du pont
de Nemours & Co., Inc. (Trail Ridge,

FL) 1949-Present
Marine Minerals (Horse Creek, Late 1950's-
Aiken, SC) early 1960's

Humphries Gold Corp.
(Folkston, GA) 1964-1974

Titanium Enterprises/Associated
Minerals USA (Green Cove Springs,
FL) 1972-Present

Humphries Mining Company
(Bolougne, FL) 1974-1980

!Modified from Garnar 1978; 1980

2Humphries Gold Corp. later became Humphries Mining Co.
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Atlantic Coastal Plain for decades. Lyell (1845) recognized
a series of ancient shoreline scarps in Georgia. McGee
(1887) investigated the Chesapeake Bay region. Shattuck
(1901, 1906) made detailed studies of terraces in Maryland.
Johnson (1907) considered terraces of North Carolina.

Veatch and Stephenson (1911) described the Coastal Plain
terraces of Georgia, and Stephenson (1912) studied terraces
in North Carolina.

Many other studies followed the investigations of these
earlier workers. Some of these contributions include those
by Prettyman and Cave ¢1923), Cooke (1925, 1931, 1932, 1936,
1943, 1945, 1966), Flint (1940), MacNeil (1950), Price
(1951), Richards (1954), Doering (1960), Johnson and DuBar
(1964), Herrick (1965), Thom (1967), Hoyt and Hails (1967,
1971, 1974), Colguhoun (1969, 1974), Colguhoun and Pierce
(1971), oaks and Coch (1973), Oaks and DuBar (1974), DuBar
et al. (1974), Winker and Howard (1977), Howard and Scott
(1983), Kussel and Jones (1986), Markewich (1987), and
Huddlestun (1988). There was, and still is, much dispute as
to the total number and ages of terraces present in the
Atlantic Coastal Plain.

HEAVY MINERAL DEPOSITS

Numerous heavy mineral deposits have been identified
within ridges on the Atlantic Coastal Plain. Some of these
deposits are currently being mined, some have been mined
with reserves depleted, some have been lost to mining
because of cultural developments, and some likely will be
mined in the future.

The largest deposit in the southeastern United States
is the Trail Ridge ore body presently being mined by E. I.
Du Pont de Nemours and Company east of Starke, Florida (Fig.
1). The deposit occurs in the southern part of Trail Ridge.
Most of the quartz sand composing the Trail Ridge landform
is medium (1/2 to 1/4 mm) to fine (1/4 to 1/8 mm) in size
(Table 2). The medium sand fraction typically constitutes
from 50 to 70 percent of the total sand, and the fine sand
fraction usually constitutes from 20 to 40 percent of the
sand (Pirkle and Yoho, 1970). The heavy mineral suite of
Trail Ridge sands consists of ilmenite, leucoxene, rutile,
zircon, kyanite, sillimanite, staurolite, spinel, corundum,
and tourmaline (Cannon, 1950; Garnar, 1972). Of these heavy
minerals, 46 percent by weight are the titanium minerals
ilmenite, leucoxene, and rutile (Table 3). These titanium
minerals and zircon constitute the principal economic
minerals of the deposit. Other economic minerals include
kyanite, sillimanite, and staurolite.

The Highland (or Maxville) ore body is present just
north of the Trail Ridge ore body (Fig. 1). This deposit
actually is a continuation of the Trail Ridge deposit and is
presently under development. The grain sizes of the quartz
particles and the heavy mineral suite are essentially the
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Trail Ridge and Green Cove Springs ore bodies are currently being mined.

Location map showing physiographic features and the sites of heavy mineral concentrations. The

The Boulougne and Folkston depos-

its have been mined out, and the Highland (Maxville), Yulee, Cabin Bluff, and Altama deposits have not been

developed.
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TABLE 2

Sieve Analyses of Sediments Encountered
in Trail Ridge Drill Hole #1 (Pirkle and Yoho, 1970)

NE 1/4, SE 1/4, Sec. 31, T. 6 S., R. 23 E., Clay County, FL
Percent sand! retained on mesh
Depth Silt 10 18 35 60 120 230
in ft. Sand & Clay (>2 (2 to (1 to (1/2 to (1/4 to (1/8 to HM2
Spl. & in. in % in 7 mm) 1 mm) 1/2 mm) 1/4 mm) 1/8 mm) 1/16 mm) in %
Trail Ridge Sands, Humate and Ore Zone (Elev.: 239 ft.)
1 0-173" 95.91 2.89 4.62 61.26 29.99 4,14 1.80
2 1r3n-5¢ 92.64 4.58 04 3.74 57.69 32.83 5.69  2.43
3 5’10 94.13 3.16 .01 3.86 48.58 43.42 4,03 3.46
4 10’-17'6" 92.34  6.37 .06 4.08 59.27 33.81 2.78 3.34
5 1776"-25"* 97.13 1.70 4,15 68.17 26.16 1.52 3.02
6 257-30' 96.13 2.68 3.43 55.11 37.57 3.89 4.02
7 30-35 96.54  2.39 .08 5.16 72.59 21.20 .97  2.48
8  35'-40' 97.84 1.40 .02 12.31 70.84 14.72 2.10 2.12
9  407-45 97.31 1.20 .64 53.88 36.13 9.35 13.54
10 457-50' 98.72 .60 .61 48.96 42.02 8.41 16.29
11 50’-55 98.94 .14 1.33 50.27 41.81 6.58 9.78
12 557-60 98.43 .10 1.35 57.53 36.27 4,85 8.82
13 60'-63" 98.53 .40 .02 1.80 70.42 25.75 2.02 2.55
Intercalated Layers of Peaty or Sapropelic Sediments
and Quartz Sand Underlying Trail Ridge Sands (Elev.: 176 ft.)
14  63'-68' 8.39 .01 .89 22.80 47.50 28.81 1.22
15 68'-73" 89.70 3.20 6.89 46.19 27.98 18.95 .90
16 73'-74'6" 83,98 12.52 .09 8.76 51.44 26.79 12.92 .55
17 7476"-77' 92.36 4.78 .06 04 3.43 26.85 36.68 32.92 .65
18 77'-78/ 85.53 11.98 .07  6.70 47.40 33,49 17.34 .70
19 787-80'6" 96.25 2.29 .08 5.98 38.02 40.61 15.30 .90
20 80'6"-
846" 68.91 28.22 .09 12.27 54.27 24,95 8.42 .43
21 84'6"-
86’ 77.65 20.37 .15 15.72 59.00 20.83 4.30 .63

l1Quartz sand and heavy mineral sand

2Heavy Minerals
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TABLE 3

VEIGHT PERCENT OF TOTAL HEAVY MINERALS

Deposit
Trail Highland Green Cabin

Mineral Ridge (Maxville) Cove Springs Yulee Bluff Altama
Ilmenite 34.7 32.8 47.0 52.7 62.0 54.6
Leucoxene 7.9 10.1 6.4 22 3.0 1.7
Rutile 3.4 1.8 4.6 7.4 5.6 6.9
Zircon 20.6 16.2 15.1 16.0 14.1 10.5
Kyanite/
Sillimanite 17.5 12.3 6.7 6.7 5.1 8.4
Staurolite 11.0 19.5 9.4 5.2 3.7 6.0
Spinel 0.0 0.1 0.1 0.0
Corundum 0.6 0.4 0.3 0.1 0.1
Tourmaline 4,2 6.7 6.2 1.7 1.4 2.7
Monazitel 0.1 0.1 0.7 1.7 0.9
Garnet 0.0 0.0 0.5 0.4 0.8 0.3
Epidote 0.0 0.0 3.1 6.6 1.8 7.3
Hornblende 0.0 0.0 0.1 0.8 0.8 0.6
Total 100.0 100.0 100.2 99.7 100.0 100.0

1Monazite includes zenotime
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same as those of the Trail Ridge ore deposit (Fig. 2, Table
3).

Another large heavy mineral deposit in Florida
currently is being mined by Associated Minerals U.S.A. just
south of Green Cove Springs (Fig. 1). These accumulations
are present in ridges of quartz sand that occur on the Duval
Upland. Generally 90 percent or more of the quartz sand
composing the ridges falls into the fine (1/4 to 1/8 mm) and
very fine (1/8 to 1/16 mm) sand fractions (Table 4). The
heavy mineral suite, though similar to that of the Trail
Ridge deposits, contains minor amounts of epidote and
garnet, minerals usually not found in the Trail Ridge
sediments (Table 3). Titanium minerals constitute about 58
percent by weight of the total heavy minerals of the Green
Cove Springs deposits.

The Boulougne and Folkston deposits (Fig. 1) are
depleted. They were mined by Humphries Gold Corporation
(later renamed Humphries Mining Company). These heavy
mineral concentrations, like those of the Green Cove Springs
area, accumulated in ridges of quartz sand on the Duval
Upland. The size of the quartz sand containing the heavy
minerals of the Boulougne and Folkston deposits is
essentially the same as that of the Green Cove Springs
deposits. The heavy mineral suite is characterized by the
presence of minor amounts of epidote and garnet.

The Yulee, Cabin Bluff, and Altama deposits (Fig. 1)
occur in beach ridges on barrier islands formed along the
Pamlico shoreline. The heavy mineral suites of these
deposits are similar to those of the deposits on the Duval
Upland. They contain epidote and minor amounts of garnet
(Table 3). 1In general, the fine and very fine sand
fractions of these deposits constitute 90 percent or more by
weight of the total quartz sand (Table 5). 1In the Yulee
deposits the titanium minerals ilmenite, leucoxene, and
rutile constitute about 62 percent by weight of the total
heavy minerals (Table 3). Analyses of composite samples
from various parts of the Cabin Bluff and Altama deposits
show that these sediments have essentially the same grain
size distributions of quartz sand and the same heavy mineral
suites as the Yulee deposits (Fig. 2, Table 3).

Characteristics of the sediments composing the various
ridges and the nature of the heavy mineral suites prove very
helpful in studies related to the origin of the heavy
mineral concentrations.

UNDERLYING SEDIMENTS

The deposits on which the ridges containing heavy
mineral ore bodies rest have been studied and discussed by
many investigators. Fenneman (1938) described the materials
underlying the terrace surfaces as consisting of poorly
stratified, sometimes cross-bedded, sheets of sand, gravel,
and clay. Herrick (1965) described these sediments in
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TABLE 4

Sieve Analyses of Sand From Selected Holes Drilled in the
Green Cove Springs Deposit (from Pirkle et al., 1974)

Percent sand! retained on mesh

Depth 18 35 60 120 230 Heavy
in Feet (2 to (1 to (1/2 to (1/4 to (1/8 to Minerals
& Inches 1 mm) 1/2 mm) 1/4 mm) 1/8 mm) 1/16 mm) in %

UC No. 1, NW 1/4, SW 1/4
Sec. 21, T. 7 S., R. 26 E.: Elev. 112 ft.

0r-3’ .09 5.71 61.24 32.97 1.12
37-5¢ .13 5.59 63.12 31.15 1.17
57-10' .15 5.87 67.25 26.72 3.49
107-156" .07 4.75 67.73 27.45 9.39
1576"-17'6" .09 3.86 65.65 30.41 1.63
1776"-21' .06 4.53 71.08 24.33 1.03
21'-2476" .02 .06 7.37 70.48 22.06 1.02
2476"-25" .02 2.66 47.24 50.08 1.61

UC No. 2, SE 1/4, SE 1/4
Sec. 10, T. 8 S., R. 26 E.: Elev. 85 ft.

0r-1- .10 5.54 58.13 36.23 1.54
1r-57 .15 4,56 59.85 35.44 2.18
5’-10' .04 5.26 66.73 27.97 5.29
10/ -15 .13 6.91 65.10 27.86 1.28
157-20¢ .53 11.75 63.17 24,53 .28
201-2276" .02 .19 9.12 63.93 26.74 .23
22'6"-25" .02 .24 5.48 41.88 52.38 1.19

UC No. 3, SE 1/4, SE 1/4
Sec. 6, T. 7 S., R. 26 E.: Elev. 118 ft.

0r-5' .13 7.00 67.12 25.75 1.30
5r-107 .02 .04 5.08 69.44 25.42 5.16
107-15' .04 4.46 68.41 27.08 4.84
15¢-20" .04 4.32 73.39 22.25 3.36
207 -25" .11 4.96 73.51 21.42 1.53

l1Quartz sand and heavy mineral sand
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Sieve Analyses of Sediments from Selected Holes Drilled
in the Yulee Heavy Mineral Deposits (from Pirkle et al., 1984)

TABLE 5

Percent sand! retained on mesh

Depth 35 60 120 230 Pan Heavy
in Feet (1 to (1/2 to (1/4 to (1/8 to Minerals
& Inches 1/2 mm) 1/4 mm) 1/8 mm) 1/16 mm) (<1/16 mm) in %
Yulee Drill Hole #10
Sec. 46, T. 3 N., R. 27 E.: Elev. 42 ft.
0r-276" .20 2,00 78.39 18.08 1.33 6.13
216"-5" .12 1.55 81.33 16.09 .91 6.06
57-776" .02 1.10 81.36 16.66 .86 6.58
776"-10" .04 1.51 83.25 14,32 .88 4.16
107-12r6" .02 2.29 85.23 11.37 1.09 2.33
1276"-15 .28 5.02 83.40 10.46 .84 .44
157-20 .27 5.80 80.10 13.22 .61 2,00
207 -25" .81 8.13 79.75 10.66 .65 5.50
257-30' 1.40 4.79 74,53 17.96 1.32 2.68
Yulee Drill Hole #6
Sec. 50, T. 3 N., R. 27 E.: Elev. 42 ft.
0r-276" .07 1.06 84.99 12.92 .96 6.02
2/6"-5 .04 .93 86.69 11.49 .85 5.96
5r-7'6" .02 1.02 86.25 11.58 1.13 5.84
7'6"-10" .02 1.02 85.85 11.71 1.40 5.64
107-1276" .06 1.94 86.73 9.85 1.42 2.92
1276"-15' .07 4.07 87.38 7.83 .65 1.07
15720 .30 6.59 82.84 9.27 1.00 .82
Yulee Drill Hole #4
Sec. 44, T. 3 N., R. 28 E.: Elev. 29 ft.
0r-276" .73 13.70 77.24 7.83 .50 2.80
216"-5¢ .91 13.98 75.00 9.44 .67 3.21
5r-7'6" .52 9.73 80.79 8.30 .66 2.50
7'6"-10' .22 6.44 81.17 11.16 1.01 3.01
107-1276" 47 7.20 77.10 13.45 1.78 4.90
1276"-157 43 4,90 75.60 16.79 2.28 5.23
15'-20 1.07 9.45 80.11 8.43 .94 1.54

1Quartz sand and

heavy mineral sand
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Georgia as composed of interbedded sands and clays with the
clays becoming more prominent in downdip coastal areas. He
further stated that many investigators have treated the
deposits as "physiographic forms, classifying them as marine
terraces consisting of marine and fluvial sediments."
Huddlestun (1988) points out that the terraces are
geomorphic features, not stratigraphic units.

In general, the sediments on which the ridges rest are
predominantly sand and clayey sand with the clay content
usually increasing in the lower parts of the sediments. At
some sites thin stringers and small lenses of massive clay
are common and become more abundant with depth. Also, in
some areas granules and small pebble size particles of
quartz are common, especially in the lower portions of the
sediments. Deltaic materials constitute an important part
of the surface blanket of sediments at those sites where
major rivers emptied into the seas as the sediments were
accumulating. Some areas where the formation of deltas was
significant have been recognized by Winker and Howard
(1977). The following brief comments concerning materials
immediately underlying ridges containing heavy mineral
concentrations add additional insight as to the nature of
these sediments and aid in an understanding of the origin of
the sand ridges.

In Trail Ridge #1 drill hole (Table 2), ore sands were
encountered from the crestal area of the Trail Ridge
landform to a depth of approximately 63 feet. These
ore—grade sands (primarily medium to fine in size) are
separated by an unconformity from an underlying 23-foot zone
consisting of intercalated layers of peaty or sapropelic
sediments and quartz sand. The quartz sand of this
underlying unit is primarily medium, fine, and very fine.
Approximately 92 percent by weight of the upper 5 feet of
this 23-foot zone is woody or peaty material. Sediment
characteristics and heavy mineral data for these sediments
are given by Pirkle and Yoho (1970) and Pirkle et al.,
{1970).

Holes have been drilled through the Highland (Maxville)
ore body on Trail Ridge to determine the nature of the
sediments on which the ridge sands rest at that locality.

In one hole (Highland #1, Pirkle et al., 1977), Trail Ridge
size quartz sand was encountered from the land surface to a
depth of about 53 1/2 feet. O0f this interval the upper 35
to 40 feet contain ore-grade concentrations of heavy
minerals. The sediments beginning at a depth of 53 1/2 feet
consist of intercalated lenses or layers of quartz sand,
clayey sand, sandy clay, and massive clay. The quartz sand
in this underlying unit ranges from very fine to coarse, but
most of the sand is very fine. As is true at the site of
Trail Ridge #1 drill hole, brown woody (peaty) material
occurs in the sediments underlying the Trail Ridge sands at
this locality. Characteristics of the sediments and heavy
minerals are given by Pirkle et al. (1977).
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The sediments beneath the ridges containing the Green
Cove Springs ore body also have been described in the
literature. 1In one hole (U. C. #3, Pirkle et al., 1974), 25
feet of gray and moderate brown quartz sand with black
organic zones overlie about 19 feet of brown sand. Over 90
percent of the quartz sand in the top 25-foot zone is fine
to very fine (Table 4). Also, over 90 percent of the quartz
sand in the upper part of the underlying 19-foot zone is
fine to very fine (Pirkle et al., 1974). However, the sand
in the lower part of the 19-foot zone becomes somewhat
coarser. Ore sediments extend from the land surface to a
depth of about 20 feet. The sediments in the areas of the
Boulougne and Folkston ore bodies, now mined out, are
similar in grain size to the Green Cove Springs deposits.
The heavy mineral suites are also similar.

In general, over 90 percent of the quartz sand of the
Yulee ore deposits (Fig. 1) is fine to very fine (Table 5).
The sediments underlying the ore ridges have been discussed
by several investigators. Pirkle et al. (1984) state,

Sediments consisting of fine quartz sand and clayey
sand underlie the Yulee ridges. At some sites these
sediments contain stringers and lenses of coarse quartz
sand and clay. Excellent exposures of these underlying
materials are present along bluffs bordering the St.
Marys River and Bells River.

Fossil lenses have been encountered in these underlying
sediments. An example of lenses exposed at Reids Bluff
along the St. Marys River is discussed later in this report.

The sediments upon which the Cabin Bluff ridges rest
consist of fine to very fine quartz sand and clayey sand.
The quartz sand commonly increases in coarseness in the
lower part of these underlying sediments. The clay occurs
disseminated throughout the sands and as stringers and thin
lenses of massive clay. 1In general, the clay stringers and
clay lenses increase with depth. At some sites these
underlying sediments contain granule to small pebble size,
angular quartz particles. Fossil shells have been
encountered in the sediments that underlie these ridges.
Studies of these fossils suggest that the deposits are late
Pleistocene or late Pleistocene to Recent.

Studies also have been made of the materials that
underlie the Altama deposits. In one drill hole (Altama #7,
Pirkle et al., 1989), quartz sand extends downward to a
fossil zone at a depth of 62 1/2 feet below the land
surface. The sand is primarily fine to very fine. At this
hole site the upper 7 1/2 feet of sand contain ore-grade
heavy mineral concentrations. At 27 feet stringers and
lenses of massive gray clay become important. The quartz
sand becomes coarser and gravel and small pebble-size quartz
particles more abundant at a depth of 47 feet. This
lithology continues downward to the shell bed at 62 1/2
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feet. The shell bed is separated from the overlying
sediments by an unconformity. Sieve analyses of these
sediments, discussions of the heavy minerals, and
identification of and comments concerning the fossils are
given by Pirkle et al., (1989).

SEDIMENT CHARACTERISTICS AND DEPOSIT ORIGIN

According to one current working hypothesis the
Florida-Georgia Coastal Plain ridges containing heavy
mineral concentrations generally fall into one of two
categories:

1) beach ridges formed at the crest of major marine
transgressions. These deposits occur in ridges
formed in the general crestal regions of the
transgressions. The Trail Ridge, Highland
(Maxville), Yulee, Cabin Bluff, and Altama deposits
are present in ridges that belong in this category.

2) beach ridges formed on regressional beach ridge
plains during intervals of lengthy stillstands of
the regressing seas or during intervals of
temporary transgressions of the regressing seas.
The Green Cove Springs, Boulougne, and Folkston
deposits are considered as examples of heavy
mineral concentrations that accumulated in ridges
of this category.

Trail Ridge and Highland (Maxville) Ore Bodies

As previously mentioned, Trail Ridge sands are mostly
medium to fine grained and have a heavy mineral suite that
is generally devoid of epidote and garnet. 1In contrast, all
sediments composing ridges and underlying terrace surfaces
east of Trail Ridge consist primarily of fine to very fine
quartz sands which are characterized by a heavy mineral
suite that often contains some epidote and garnet. At
various localities along the more coastal regions, the sands
may contain substantial amounts of epidote and hornblende.
Differences in the size of the quartz sand, comparisons of
heavy mineral suites, and studies of field relations are of
much value in considering the depositional history and
origin of the beach ridges and heavy mineral deposits. As
discussed by Pirkle, W. A. and Pirkle, E. C. (1984), the
sand particles of the sediments underlying the Northern
Highlands (Fig. 1) are of a size range that, if reworked in
a shoreline environment, might be expected to give a size
distribution of quartz grains similar to that comprising the
Trail Ridge landform.

Also, the general lack of epidote and garnet in Trail
Ridge sands is consistent with the formation of Trail Ridge
as a beach ridge developed at the height of a major marine
transgression. During the transgression the seas eroded
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landward into the Northern Highlands. The sands underlying
large areas of the Northern Highlands contain little or no

epidote or garnet. Since these are the major source sands

for Trail Ridge, the general absence of epidote and garnet

in Trail Ridge sands would be expected.

It should be mentioned, however, that small amounts of
epidote and garnet have been found in some areas of Trail
Ridge sands. Sediments deposited in tidal inlets that
developed through Trail Ridge in post-Trail Ridge time may
carry epidote, garnet, and very small amounts of hornblende.
One such possible occurrence was reported by Pirkle and Czel
(1983). Also, along the western side of Trail Ridge
adjacent to such ancient inlets, sands may carry a small
amount of epidote and garnet. Furthermore, fine sands
carrying small amounts of epidote and garnet are banked up
along the eastern side of Trail Ridge at some sites. These
occurrences suggest that at those localities younger seas
encroached onto the Trail Ridge landform from the east.
Moreover, in some exploration drilling, especially along the
more eastern side of Trail Ridge, rather coarse sands
containing minor amounts of clay and some clay lenses have
been penetrated beneath various thicknesses of typical Trail
Ridge sands. These sediments carry minor amounts of epidote
and garnet. Actually the presence of epidote and garnet in
some areas of Trail Ridge should be expected. Even though
the advancing Trail Ridge seas were eroding into the
sediments of the Northern Highlands over long distances, the
seas most certainly eroded into Pliocene sediments and older
Hawthorne sediments at some localities. Both the Pliocene
and the older Hawthorne sediments contain epidote and garnet
in their heavy mineral suites.

An important relation of the Trail Ridge landform
relates to organic materials. At some sites Trail Ridge
sands overlie a thick zone of lignitic peat derived from
trees, shrubs, and aquatic herbs that grew in a fresh water
swamp (Rich, 1985). Some cypress stumps of this swamp are
still in place. These relations show that sands of Trail
Ridge migrated westward (landward) over a fresh water swampy
area. Migration of beach ridges can be seen at a number of
sites along the present Atlantic coast. One excellent
example occurs on Cumberland Island off the southeastern
Georgia coast (Figs. 3 and 4). There a long, active sand
ridge is migrating westward (landward) over marshy
sediments.

Field relations are crucial in the determination as to
whether the Trail Ridge landform developed in the general
crestal area of an eroding, transgressing sea. Trail Ridge
seems to truncate older landscape features in a landward
direction. To illustrate, Trail Ridge is parallel to the
present Atlantic coast and appears to truncate the Lake City
and Waycross ridges (Fig. 1). Also, the land surface east
(seaward) of Trail Ridge is lower in elevation than the
plains area west (landward) of the ridge. These field
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Figure 3.

view of part of a large, migrating sand ridge
along the western side of Cumberland Island off
the southeastern coast of Georgia. Along the
left side of the photograph the sand ridge is

covering trees as it migrates landward (toward
the reader).
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Figure 4.

Trunks of trees uncovered as the sand ridge shown
in figure 3 moved from this site to a position
farther west (landward). Carbon-14 dating of one
of the uncovered tree trunks gave an age of 205
years B.P.
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relations are consistent with the concept that Trail Ridge
formed as a beach ridge in the crestal area of an eroding
transgressing sea.

Yulee, Cabin Bluff, and Altama Deposits

Hoyt and Hails (1974) consider the areas in which the
Yulee, Cabin Bluff, and Altama ridges occur as parts of
Pamlico barrier islands. White (1970, Fig. 34) shows that
in some areas of eastern Florida older relic beach ridges
are truncated by the Pamlico shoreline. Thus, the ridges
containing these heavy mineral concentrations can be
correlated with the crestal area of the Pamlico
transgression.

Many holes have been drilled in the Yulee, Cabin Bluff,
and Altama deposits. Sediments in these crestal areas
reflect ancient sea level fluctuations. Some sediments
penetrated were deposited under marine conditions, some
under brackish conditions, and others under subaerial
conditions. These environments were identified through
studies of fossil invertebrates, fossil vertebrates, fossil
wood, palynological data, and diatoms.

Excellent exposures of sediments along the northern end
of the Yulee deposits are present in bluffs along the St.
Marys and Bells rivers. According to Kussel and Jones
(1986), the sediments exposed in these bluffs were laid down
"in a marine to marginal marine setting with sedimentation
proceedings along a prograding shoreline during marine
regression." One of the bluffs, Reids Bluff (Fig. 5) has
been designated by Huddlestun (1988, p. 134) as a reference
locality and a parastratotype of the Satilla Formation. At
this bluff about 15 feet of sand are exposed immediately
above the level of the St. Marys River (Fig. 6). These
sands contain trunks and root systems of cypress trees (Fig.
7). The buried cypress trees are in place. Kussel and
Jones (1986) reported the presence of fossil burrows of the
marine decapod Callianassa in these lower sands. The
sediments with the buried cypress trunks are overlain by
blue-gray clayey sediments containing oyster lenses (Figs. 6
and 7). At most sites a thin layer of the blue-gray clayey
sediments separates the sands with the buried trees from the
first overlying oyster lens. About 4 or 5 feet of the
blue-gray clayey sediments separate this oyster lens from a
higher oyster lens. The higher oyster lens, in turn, is
covered by about 4 to 6 feet of the blue-gray clayey
sediments. Approximately 30 to 35 feet of loose quartz sand
extend from the upper blue-gray clayey material to the land
surface. The upper 10 to 12 feet of these upper sands are
wind-blown accumulations, the sands having been blown up the
present cliff face to accumulate as ill defined ridges
bordering the river (Fig. 8). Kussel and Jones (1986)
believe that this bluff possesses the characteristic
sedimentary structures and faunal assemblages of a tidal
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Figure 5. Distant view of Reids Bluff along the St. Marys
River at the northern end of the Yulee heavy
mineral sand deposits.
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Figure 6.

Closer view of Reids Bluff. Sediments from the
river level upward are loose quartz sand (A), an
oyster lens (B), blue-gray clayey sediments (C),
and an upper oyster lens (D). A thin zone of
blue-gray clayey sediments underlies the lower
oyster lens, and a few feet of blue-gray clayey
sediments overlie the upper oyster lens. These
upper blue-gray clayey sediments are overlain by
loose quartz sand that extends to the land
surface.
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Figure 7.

View of buried cypress stump in place. The
cypress (labeled A) is dark in appearance and
occupies the central part of the photograph. A
knife, in the middle of the exposed cypress
material, indicates the scale. The material
(labeled B) that lies above the cypress stump is
an oyster lens.
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Figure 8. Tree being covered with sand along top of bluff.
The river is to the left in the photo.
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flat/salt marsh environment of a barrier island complex.

The bluff furnishes some of the best exposures along the St.
Marys River, and the sediments reflect deposition during sea
level fluctuations. It is of interest to note that the land
surface to the east of the Yulee ridges is lower in
elevation than the land surface to the west of the ridges, a
relationship consistent with the concept that the Yulee
deposits formed at the height of a marine transgression.

Green Cove Springs, Boulougne, and Folkston Deposits

According to the current working hypothesis, the Duval
Upland east of Trail Ridge is a regressional beach ridge
plain (Pirkle et al., 1974). As the seas regressed, lengthy
stillstands and possibly slight transgressions took place.
During these intervals beach ridges, some containing heavy
mineral concentrations, were formed. It must be recognized,
however, that it also can be argued that the beach ridges
formed in the crestal areas of marine transgressions,
perhaps the Penholoway (95-foot) seas of Winker and Howard
(1977) or the Wicomico (100-foot) seas of Cooke (1945) and
MacNeil (1950). Nevertheless, there are several lines of
evidence that are favorable to the first concept -- that the
Duval Upland topographically is a regressional beach ridge
plain and the ore bodies formed in beach ridges developed
during stillstands or during times of temporary
transgressions of regressing seas. Some of the evidence can
be mentioned.

The Green Cove Springs, Boulougne, and Folkston ridges
are not well-defined ridges as are Trail Ridge and ridges in
the crestal areas of the Pamlico transgression. White
(1970) believes that the presence of shells in sediments
that accumulate to form ridges along shorelines may play a
role in the preservation of the ridges. He believes some
ridges that formed at the crest of eroding transgressing
seas are distinct and well defined partly because of the
lack of fossils in the original sediments that accumulated
to form the ridges. 1In these cases the transgressing seas
eroded into sediments from which fossil shells, if
originally present, had been leached out or dissolved over
long periods of time. White believes that landward
sediments are the main source sediments for beach ridges
developed in crestal regions of eroding, transgressing seas.
Thus the ridges would not become diminished with age as a
result of the removal of fossils through solution. 1In
contrast, ridges formed along shorelines of regressing seas
or along prograding shorelines are built of sediments
brought by longshore drift or shoreward transport across the
fore beach. These sediments from the sea contain a
relatively high percentage of shells. During later
weathering under warm and humid climatic conditions, the
shells would be dissolved, and the ridges, having lost a
considerable amount of their original bulk, would become
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less well defined and less distinct.

The Green Cove Springs, Boulougne, and Folkston
deposits are in the more interior part of the Duval Upland,
rather than along its eastern or seaward edge. The ridges
do not appear to lie atop erosional scarps. Of most
importance, perhaps, is the fact that no physiographic
features in a landward direction appear to be truncated by
the shorelines along which the mineral-bearing ridges
formed. Thus, from various field relations it appears that
the Green Cove Springs, Boulougne, and Folkston deposits
formed during stillstands or during periods of slight
transgression of a generally regressing sea. The evidence,
however, is not conclusive,

CONCLUSIONS

The heavy-mineral deposits of the south Georgia-north
Florida Atlantic Coastal Plain appear to have two major
origins. Deposits such as Trail Ridge, Highland (Maxville),
Yulee, Cabin Bluff, and Altama formed in beach ridges
developed in crestal areas of major marine transgressions.
The second type of deposit formed during marine regression
when temporary stillstands or slight transgressions of the
regressing seas occurred. During these intervals beach
ridges formed and heavy minerals were concentrated in the
ridges to give such deposits as the Green Cove Springs,
Boulougne, and Folkston ore bodies.
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