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Introduction and Acknowledgments

The Southeastern Geological Society returns to Georgia — first to the Cartersville Mining
District, then to the Stone Mountain Granite pluton. On Friday evening (3 Nov) we will
enjoy dinner in Cartersville followed by a presentation by New Riverside Ochre mining
geologist, Stan Bearden. On Saturday morning we will visit one of the NRO quarries in
Emerson to collect barite—a high-density sulfate mineral with numerous industrial
applications. After lunch we visit the nearby Tellus Museum, new home for famous
Weinman Mineral Museum collection, and many spectacular fossil displays. In the
afternoon we head south on I-75 to the East Quarry of Stone Mountain, Georgia, where
we will see fantastic evidence of the magmatic history of this granitic pluton (stock) and
geomorphic monadnock (and a great photo-op for geologic features and beautiful fall
landscapes of the Appalachian Piedmont!).

Special thanks are owed to Mr. Stan Bearden of New Riverside Ochre for agreeing to host
SEGS and geology students from Northwest Florida State College, and for meeting with
us on Friday evening for dinner and an introduction to barite and ochre mining in the
Cartersville Mining District. This is not the first time Mr. Bearden has opened the New
Riverside Ochre mines to students and geologists. Thank you, Stan! Thanks also to Ms.
Terry Commeau of NWFSC for assisting in the production of this field guide. This is the
third SEGS guide book Terry has formatted and printed. Thanks again, Terry!

STOP 1: New Riverside Ochre Company — Barite and Ochre Mining in the
Cartersville Mining District

The Cartersville Mining District (CMD) has been the source of a variety of economic
minerals for more than 175 years, and is the oldest, continuously active mining district in
the southeastern United States. Ores include gold; iron; manganese oxides; specular
hematite; graphite; barite; and varieties of the mineraloid limonite —ochre (goethite) and
umber (a Mn-rich limonite). The mineral wealth of the CMD is due in part to the
geological good fortune of its location at the confluence of the Valley and Ridge, Blue
Ridge, and Piedmont provinces of the Southern Appalachians. The area is bounded by
several faults, including the Cartersville/ Great Smoky Fault.

Mining geologist Stan Bearden of New Riverside Ochre Company will brief us on barite
and ochre mining on Friday evening, and host us at the Emerson Barite Mine on Saturday
morning. New Riverside Ochre has engaged in open pit mining for barite and limonite
in the Cartersville Mining District since 1911. Both ochre and barite are residuum
products, associated with deep weathering of the Cambrian Shady Dolomite (Figure 1).
Archaeocyathid sponges, hyoliths, and brachiopods can be found in some areas in the
Shady residuum.

The unusual mineral barite (barium sulfate, BaSO4) is known for its softness (H = 2.5-3.5)
yet surprisingly high density (specific gravity = 4.5), an unusual quality for a light-



colored mineral. The high density of barite is the key to its many industrial and economic
uses. Most barite is used in oil wells as a heavy drilling mud, but it is used in the
production of glass, rubber, paper, paints, ceramics, brakes, TV screens, etc. It is said that
barium products have more than 2,000 uses! Ochre and umber also have many
applications, but are currently mined primarily for use as a pigment (for earth tones) in
masonry and roofing materials. Additional information on barite and ochre mining at
New Riverside Ochre has been provided by Mr. Bearden in several articles, which are
included as an appendix to this field guide.
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Figure 1—Profile of Cambrian strata and residuum in the Cartersville Mining District.
Both limonite and barite occur in the residuum over deeply weathered dolostone (from
Kesler, 1950, fig. 5).

STOP 2: Tellus Museum

The Tellus Museum opened in 2008 on the site of the old Weinman Mineral Museum.
Tellus displays the mineral collection in its Weinman Gallery, but has greatly expanded
it interpretive and educational programs.



STOP 3: The Stone Mountain Pluton

Stone Mountain Park is located 16 miles east of downtown Atlanta. We will be
approaching it on I-75 southbound (from Cartersville), taking I-285 east to Highway 78
East (Exit 39 B on I-285), to the park.

Physiography and Geomorphology. Stone Mountain is a granite monadnock (an isolated,
erosion-resistant rock formation standing prominently above a lower terrain) and
exfoliation dome that rises about 700 feet (213 m) above the deeply eroded, high-grade
metamorphic terrain of the inner Piedmont Province of the Appalachian Mountains
(Figure 2). The summit stands at 1686 feet (514 m) above sea level (Figure 3). The
asymmetrical, elongated dome is oriented in a N70W direction, and covers
approximately 2 km? (1.2 mi?) in plan, with a circumference of about 5.4 km (7 miles). The
dome is nearly vertical on its north face, more gently sloping on its western face, and
moderately steep on the eastern and southern faces. The lack of significant tectonic
jointing (not to be confused with exfoliation jointing) is suspected as being a major reason
for the development of the monadnock. Abundant joints would have greatly facilitated
deeper weathering of the structure, and indeed deeply-weathered granite is found both
north and east of Stone Mountain Park.
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Figure 2 —Portion of USGS Stone Mountain Quadrangle (7.5 Minute Series Topographic
Map), showing the Stone Mountain monadnock, with a maximum elevation at the
summit of 1686 feet above sea level.



Figure 3 — Two brass benchmarks from the top of Stone Mountain. Note the original 1873
date of the plate on the left.

The dome shape of the mountain results from a mechanical weathering process called
pressure-release fracturing in which the burial pressure of overburden rock is relieved by
erosion. As the granite is exhumed, it simultaneously rises isostatically to the surface,
expands, and fractures. This fracturing, called exfoliation (or dilation jointing) results in the
spalling-off of thin sheets of granite (like layers of an onion). The jointing is facilitated by
ice-wedging and biologic weathering (tree roots) as well. Exfoliation is thought to be the
primary weathering process that shaped the otherwise unjointed and massive granite.
Even the large boulders on the mountain are the result of exfoliation (with chemical
weathering sculpting the rounded edges of the boulders). It is estimated that the granite
has been uplifted up to 12 km (more than 7 miles) over the past 70 million years.

Chemical and biological weathering are also very evident across the top of the mountain.
One of the prominent weathering features across the mountain is broad, shallow, solution
pits. Still often rumored to have resulted from lightning strikes, they are rather the cavities
left under exfoliation sheets. These naturally hold water, which facilitates chemical
weathering and the production of sediment residue. This allows soil formation and a
variety of unique lichens and plant species to colonize these microhabitats. Fall usually
hosts the blooming of yellow confederate daisies.

Weathering Sequence at Stone Mountain. Sampling of the Stone Mountain Granite in
various stages of weathering can provide an outstanding suite of samples to illustrate
progressive weathering of granite into sediment. Such a collection of hand-samples is



invaluable in introductory college courses and educational demonstrations (K-12, Scouts,
etc.). (1) Fresh granite is best collected from an exfoliation sheet in East Quarry. (2)
Partially-weathered granite that is easily crumbled by hand, can be found across the top of
the mountain (during your walk up or down the western face). (3) Completely weathered
granite (regolith) is common in solution pits, where dried rainwater puddles typically
leave clay, mica, and sand-sized quartz crystals (a result of hydrolysis, a form of chemical
weathering). It can be easily scooped up and collected in a zip-lock plastic bag. (4) Pure
quartz sand is a final sample to be added to this sequence. At Northwest Florida State
College, I use some of the sugar-white quartz sand from the beaches of the Florida
Panhandle. The weathering sequence of: fresh granite—partially weathered granite —
completely decomposed granite —quartz sand, shows how the resistant quartz (H=7) is
liberated from granite, and transported from its source by rain and rivers, and ultimately
ends up at the coast of the Gulf of Mexico or Atlantic Ocean. When the feldspars and
micas are chemically dissolved or reduced to clay, quartz remains. This is an especially
useful demonstration because it is popularly assumed that sand is merely the product of
abrasion of large rocks, to small rocks, to sand. In fact, chemical weathering releases
quartz crystals from their igneous or metamorphic source rock, to produce siliciclastic
sediments for transport. In addition, reasonably-sized and thin exfoliation sheets (~8-14
inches in size, or larger) are easily collected in the East Quarry. These are also a very
informative sample for the educational demonstration of rock weathering.

Age and Origin. The exact age of granite is not certain, but various radiometric age
determinations give a range between 281 to 325 million years. This disparity may reflect
various magmatic sources, fractionation history, and intrusive events, but all the dates
fall within those of other Piedmont granites and their late Paleozoic (Pennsylvanian-
Permian) emplacement during the Appalachian Orogeny and final assembly of Pangaea.

The Piedmont Province of the Southern Appalachian Mountains is a metamorphic
terrane bounded by the Brevard Fault Zone to the north and the Coastal Plain to the east
and south. Within the Piedmont are many post-metamorphic plutons of slightly varying
age. Stone Mountain belongs to a slightly older group of plutons found in the Inner
Piedmont, near the northern boundary of the terrane. These Appalachian plutons are
much smaller than those of most tectonic regions (e.g., the Andes or Sierra Nevada), and
are technically classified as stocks. The Stone Mountain pluton formed by relatively low
temperature (650-725°C), water-rich anatexis (i.e., partial-melting) of crustal rock. Isotopic
and mineralogical data suggest that the protolith from which the Stone Mountain pluton
formed was metasedimentary.



It is estimated that the pluton was emplaced at a depth of 12-16 km, although the magma
itself may have its origins even deeper, from 22 to 28 km depth. One or two intrusion
events have been postulated based on the occurrence of granitic autoliths (inclusions) and
cross-cutting granitic dikes (both of which vary only slightly in composition from the host
granite). The high-grade metamorphic country rock into which the granite intrudes is
primarily a biotite-plagioclase gneiss, with some interlayered amphibolite and lesser
mica schist. This country rock is easily observed in the largest xenolith in East Quarry
(see cover of field book). The Stone Mountain intrusion extends several miles further east
of the mountain, proper (Figures 4, 5). The entire pluton is in fact very sheet-like, and is
thought to have been emplaced from the east by a growing fold system, that propagated
in a N65W direction (parallel to the long axis of the mountain). It is postulated that the
granite was intruded as a “crystal mush” between thin layers of simultaneously-folding
country rock. Magma intrusion broke the folding layers of country rock, incorporating
xenoliths into the intrusion. Nearby, Mesozoic age diabase dikes (associated with the
rifting of Pangaea) intrude the Stone Mountain granite and surrounding lithologies.

GEOLOGIC MAP OF THE STONE MOUNTAIN AREA
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Figure 4 —Geologic map of the Stone Mountain area showing the distribution of Stone
Mountain Granite, Lithonia Gneiss, and Triassic-age diabase dikes. From Atkins and
Joyce (1980).
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Figure 5— Geologic map of the Stone-Mountain-Lithonia District of Georgia (from
Whitney et al., 1976).

Mineralogy. The granite is composed of several minerals: 26-43% oligoclase (a pale, Ca-
Na-rich plagioclase), 16-34% microcline (a K-feldspar), 30-37% quartz (clear crystals),
~9% muscovite mica (flaky, olive crystals), and ~1% biotite mica (flaky, black crystals).
Accessory mineral include epidote, apatite, tourmaline, sphene (titanite), zircon, and
garnet. Petrographically, Stone Mountain is a light gray (leucocratic, or pale color), fine-to
medium-grained granite (on quartz—K-feldspar—plagioclase ternary diagrams, the
SMG plots near, and slightly within the granodiorite field).



A prominent and popular feature, especially common at the top of the mountain and in
East Quarry, are “cat paws” —small oval clusters of black tourmaline (schorl) crystals
(with some quartz), surrounded by a “bleached” white zone. The white zone consists of
an inner zone of quartz and feldspar; and an outer zone of quartz, feldspar, and
muscovite. Cat paws (or, “tourmaline-rich clots”) may be metasomatic in origin. As
tourmaline crystals formed (perhaps in bubbles or pockets), Al, Fe, and Mg migrated by
solid-state diffusion into the growing tourmaline crystals, thus leaching the immediate
area of these elements and creating the white halo. In some areas the cat paw tourmaline
clusters may be slightly more resistant to chemical weathering, and display some relief
(Figure 6).

Figure 6 —Surface of Stone Mountain Granite showing raised relief of slightly
weathering-resistant “cat paws”.

Triassic Diabase Dikes. Located several miles east of Stone Mountain is a dike swarm of
diabase intrusions (see Figure 4) of Triassic age. These are common along the entire
eastern seaboard of the U.S., and their origin is related to the initial rifting of the Pangaean
supercontinent. A small, deeply-weathered diabase dike is present in Stone Mountain
park on the eastern side of the mountain, near the intersection of Old GA 78 and Robert
E. Lee Boulevard (on Old 78, about 500 feet east of R.E.L. Blvd., but the road is restricted).
The dike is deeply weathered to an orange brown by iron-oxidation, and is in sharp
contrast to the deeply-weathered, white saprolite of the granite.
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East Quarry. Because of its recent mining history, the East Quarry (Figure 7) is far less
weathered than most of the mountain so it displays some outstanding and easily
accessibly features that clearly demonstrate the magmatic origin of the pluton, including
flow structures and folding. At the entrance of the quarry is a walkway and informative
exhibit on the history of quarrying this stone called, Raising a Ledge. Granite was quarried
here from as early as 1845, and continued until the 1970’s. The exfoliated granite slabs are
rather easily quarried from the surface. Initially used mostly for gravestones and
monuments (especially during the Civil War), the uniformly-textured stone was later
valued for ornamental construction of buildings (at first, for rebuilding the war-ravaged
South). Much Stone Mountain Granite was quarried for post-Depression era projects of
the Works Progress Administration. The granite adorns many buildings around the
country. It is said that more than 7.6 million cubic feet of Stone Mountain Granite has
been removed from the mountain—sufficient to provide enough 1-foot wide paving
stones to reach from the North Pole to the South Pole (12,444 miles).

Figure 7— View of the eastern side of Stone Mountain, roughly half way to the summit.
The abandoned East Quarry, where most granite slabs were cut, is in the background
area near the tree line.
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Plutonic features in East Quarry include the following (see Figure 8):

(a) Flow banding structures —these are stripes on the granite that formed when the
granite was molten and flowing in the magma chamber;

(b) Quartz and granite dikes within the granite — these indicate multiple intrusions and
a complex crystallization and emplacement history. Most of these are in the northern part
of East Quarry on the path up from the Raising a Ledge display. This is the oldest granite.
Look for cross-cutting and offsets (microfaults) in the dikes, and granitic autoliths (granite
inclusions, thought to be in situ /within-pluton, in origin);

(c) Xenoliths — Xenoliths (“foreign” rock inclusions) are common in East Quarry. The
largest and most prominent is a biotite-plagioclase gneiss, clearly derived from the
country rock (see cover of field guide). But most xenoliths are lens-shaped, composed of
biotite schist, and are oriented parallel to magmatic flow structures. Xenoliths plunge up
to 30°, with bearings of N60E to SSW;

(d) Flowage folds—these are prominent at the south end of East Quarry. Some are
doubly-plunging. Their orientation indicates that this folding event came from the east;
(e) Pegmatite dikes —locally cross-cut the otherwise massive granite; and

(f) Tourmaline aplites —thin veins with small crystals (aplite) of tourmaline in a quartz-
feldspar groundmass (much like the “cat paws”, but vein-like).
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Figure 8 —Map of geological features of East Quarry. From Grant (1986).

Confederate Hall and West Quarry

Confederate Hall is at the foot of the west side of the mountain, and houses an exceptional
natural history museum and interpretive center. The comparatively flat area at the base
of the west side of the mountain is the old West Quarry, the location of several former
quarries. Immediately east of the railroad station and track marks the beginning of the
1.6-mile Walk Up Trail to the top of the mountain. The first 600 feet or so of the trail
displays many dikes, some of which are cross-cutting. Like those in the East Quarry, most
are composed of aplite, a very fine-grained (but still phaneritic) form a granite, but there
are common pegmatitic dikes as well. Some of the dikes have sharp boundaries and are
thought to have been intruded within brittle fractures as the granite crystallized. Other
dikes seem to have more diffuse borders, suggesting that some intrusions were into a
softer, still cooling/crystallizing granite.

About 30 m (100 ft) up the path from the railroad track, pear-shaped flow folds are visible
(especially on darker, wet days, when glare is reduced). Vertical joints and solution pits
are common in the West Quarry area. Dikes within the otherwise massive granite must
have intruded into “freshly” crystallized granite. Within the magma chamber, magma
that was in contact with the surrounding country rock probably cooled and crystallized
first. As it cooled slightly, shrinkage fractures would have formed, and fresh magma
could have intruded these new openings, forming dikes. Similar dike injection might
have occurred throughout the pluton during various stages of crystallization. Schlieren,
elongated, streaks of biotite crystals are found locally and appear to grade into xenoliths.
They are regarded as stretched xenoliths (rather than magmatic in origin), and in some
cases can be traced to their “parent” xenoliths.
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clay and also to diminish porosity and prevent discolora-
tion. In optical glass, barium carbonate lowers the viscosity
and improves the refractive index. Barium carbonate helps
contain high-intensity radiation in television glass picture
tubes and face plates. It also provides the flat white effect
in photographic paper. Other uses include serving as a flux
for ceramics and in the production of barium ferrites (flex-
ible magnets). These flexible magnets are used extensively
in the small direct-current motors found in automobile
windshield wipers, loudspeakers, electronic equipment,
toys and magnetically attached decorative items. Barium
chloride is used in the manufacturing of steel, leather and
cloth. ‘

World production and reserves

Barite is mined in more than 40 countries. World
production of barite increased from about 3 to 4 Mt/y
(3.3 to 4.4 million stpy) during the 1960s and then almost
doubled during the 1970s. Production peaked in 1981 but
has since declined. China became the world’s largest pro-
ducer of barite in the mid-1980s. Table 1 shows world
barite production for the 20-year period from 1975
through 1995 (Searls, 1996).

Table 2 lists 1995 production by country (Searls,
1996). World mine production for 1995 totaled 4.4 Mt
(4.9 million st), with the following top five producing
countries accounting for over 70% of the world total:
China, 34%; India, 13%; United States, 12%; Morocco,
6%; and Mexico, 6%.

It was estimated that in 1996 these contributing per-
centages would increase for China, India and the United
States and decrease for Morocco. It was also anticipated
that Mexico would remain unchanged.

The total world “reserves” are that part of all identi-
fied resources that are now economic. The “reserve base”
includes reserves plus all other identified resources that
are marginally economic or subeconomic. Table 3 is a
compilation of US Geological Survey estimates of re-
serve and reserve-based tonnages for the world.
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TABLE 4

US Barite imports

Country 1995 Kt
_China 700

1996 Kt
1,136

Jan.- Apr.
683*

* Includes crushed and ground
after USGS

Barite and world commerce

The United States has consumed as much as 50% of
the annual world production. In 1995 the United States
consumed 36% of the worlds production, Table 4 lists the
principal sources of US imports. Other leading consuming
countries are the former Soviet Union, Germany, Mexico,
India, United Kingdom, Italy and China. The future barite
market will be governed, as it has for 40 years, by oil and gas
drilling activity. World drilling activity was greater in 1996
than it was in 1995, and it has been reported to show signs
of remaining strong (Oil & Gas Journal,1997). Strong eco-
nomic growth and increased energy demand in much of the
world (particularly in the United States, Europe and Asia)
is expected to result in continued increases in the price of
petroleum products. The American Automobile Association
reported that in December 1996 self-serve regular gasoline
prices in the United States were up about 10% over what
they were in December 1995 and that they were the highest
since 1990 (Oil & Gas Journal,1997). Evolving technologies
in the well-drilling industry may impact the amount of bar-
ite consumed. Horizontal and directional drilling have re-
duced the number of wells needed to access reservoirs
(Searls, 1996). The three-dimensional seismic technology
has been a critical component in the Gulf of Mexico activ-
ity. In 1989, only 5% of the wells drilled in this area were
based on three-dimensional seismic technology. In 1996,
nearly 80% of the wells drilled were based on this technol-
ogy (Oil & Gas Journal ,1997). Deeper holes, i.e., <2,000 m
(6,560 ft), and more offshore sites will increase the amount
of barite needed per well. World oil and gas resources are
unequally distributed and exploited. The resources are lo-
cated in about 600 basins of which fewer than 200 are being
commercially exploited.

A number of countries consume significant portions of
their total barite in markets other than drilling fluids. These
percentages and tonnages for various countries are as fol-
lows: Germany, ~70% or 300 kt (330,000 st); China, ~30%
or 100 kt (110,000 st ); United States, ~10% or 100 kt
(110,000 st); Japan, ~75% or 75 kt (83,000 st); France, ~75%
or 40 kt (44,000 st ); Brazil, ~45% or 40 kt (44,000 st ); and
Italy, ~20% or 30 kt (33,000 st). Barite requirements for
these filler/extender and chemical product applications are
slow growth (about 2% per year) and appear to be stable
markets. B
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Family Room or
Oil Field, Barite is
Equally at Home

By Stan Bearden

hat do tennis balls, carpet, television sets,
cars and refrigerators have in common?
They all contain barite.
Barite is an important industrial mineral
with unique properties of high density (4.5
specific gravity) and low hardness (2.5-3.5
Mobhs scale in which the hardness of a fingernail is about 2). And

Dbecause it is relatively insoluble in water and ac1d it can be used as

a chemically inert material.

World production is between 4 and 6 million tons per year.
World reserves should be adequate for about 100 years. The
United States is the world’s largest consumer of barite.

The leading world producers of barite are: China
(30 percent), India (10 percent), United States (8 per-
cent) and Morocco (6 percent). Other significant
producing countries are Turkey, Mexico and Iran.
The principal producing states in the United States
are Nevada, Georgia and Missouri. Important historic
production has come from other states such as
Arkansas, Tennessee, Illinois and Montana.

Applications of barite generally can be grouped as
follows: (1) hydrocarbon drilling; (2) extenders and
fillers; (3) glass and fiberglass; (4) paint; and (5)
chemical products.

About 90 percent of the barite consumed is used as
a drilling fluid additive in hydrocarbon well installa-
tions. Twenty to fifty tons of barite are used per well.
The principal function of the barite constituent is as a
weighing agent to suppress high formation pressures and prevent
blowouts. A secondary function is to increase the specific gravity
of the drilling fluid in order to transport drill cuttings to the sur-
face. The deeper the hole, the more barite is needed as a percent-
age of the total mud mix.

Barite is an important mineral in the filler extender markets of

paint, latex and urethane foam manufacturing. In painting automo-

biles, barite is used in the primer coats to retard

rusting. It also contributes to the gloss of the —
top coat.

Processors of polyurethane foam use
barite in manufacturing such products as
floor mats and carpet backings and tennis
balls to increase density and improve pro-
cessing qualities. Other important appli-
cations include mold-release compounds in
metals casting, brake systems and other fric-

tional materials, acoustical compounds and in
high-density concrete.

The major barium chemicals are carbonate and
chloride. Barium carbonate is a raw material for
production of many other barium compounds. It
is also used in brick and tile manufacturing to
control scum due to
gypsum or magne-
sium sulfate bricks.

Barium chemicals
have more than 2,000
specific industrial
applications in 17
major classifications. In
optical glass, barium
carbonate lowers the vis-
cosity and improves the
refractive index. Barium
carbonate helps contain high
intensity radiation in TV glass picture tubes, and
provides the flat white effect
in photographic paper.

Other uses include serving as
a flux for ceramics and in the
production of ferrites (flexi-
ble magnets). Barium chlo-
ride is used in the manufac-
turing of steel, leather and
cloth.

The value of barite varies
as a function of purity, parti-
cle size, color, character of
impurities, and mining and
processing methods and loca-
tion. Prices range from about
$35 per ton to $200 per ton.

All of the principal barite mines in the United
States are operated as open pit or surface mines.
Many deposits of barite are inactive due to cost
competition from imported sources. ¢

Stan Bearden is vice president, New
Riverside Ochre Company, Inc., in Cartersville,
Georgia.



